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ATOMIC DATA FOR FUSIO* 

VOL. 1 

COLLISIONS OF H. H 2 , He, AND Li ATOMS AND 
IONS WITH ATOMS AND MOLECULES 

Foreword x i i i 

S e r i e s Preface xv 

Abstract x v i i 

Introduct ion 1-1 

A. Electron Capture C o l l i s i o n s 

H • H -> H" + H* A-2 
H • H2 -> H~ + K2 A-8 
H + He -> H" • He* A-10 
H + Li -> H~ • - i * A-16 
H • H" -> H" • H A-20 

H* • H -> H • H* A-22 
H* + H2 -> H A-28 
H* + H2 -> H" A-30 
H* + He -> H + He* A-32 
H* + He -> H + He 2 ' A-38 
H* + Li -> H + Li* A-40 
H* + H" -> H" + H* A-44 
H* • H" -> 2H A-4b 
H* + He' -> o(He 2* Total) A-48 
H* + He* -> H * He2* A-54 

H2* + H •> H2 + H* A-58 
H2* + ll 2 -> H2 A-58 
H2* + He -> H2 * Hfc* A-58 
H2*(u) + H2 -> H2 A-60 

He* • H -> He • H* A-62 
He* + H" -> He + H A-86 
He* + H2 -> He A-68 
He* • He -> He + He* A-70 
He* • Li -> He + Li* A-76 
He* -i He' -> He • He2* A-86 

He2* + He* -> He* • H e 2 ' ( P a r t i a l & Total) . . A-84 
He2* + H* -> He* • H A-86 
He2* + H -> He' • H* A-88 
He 2' + H2 -> lie' A-94 
He2* + H2 -> le A-96 
He2* + He -> He* + He* A-98 
He 2 ' + Ke -> He • He 2 ' A-104 
He 2' • Li -> He' t Li* A-110 
He 2' • Li -> lie + Li 2 * A-114 
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B. Electron Capture in to Excited Stages 

H -> H(2e) + H* B-° 
H -> H(2p) • H* B-f-
H2 -> H(2s) B-14 
H2 -> H(2p) B-l« 
H2 -> H(Lyman-a Total) B-16 
H2 -> H(Baliaer-a) . . . B- iy 
3 2 -> H(Balner-B) B-?!J 
H2 -> H(3s) B-l<. 
H2 -> H(3p) B-20 
H2 -> H(3d) 8-20 
He -> H(2s) + He' B-<-i 
He -> H(2p) + He* - - . B-?8 
He -> H(Balmer-a) + He* B-S4 
He -> H ( 3 B ) + He* B-*C 
He -> H(3p) + He* B-4S 
He -> H(3d) + He* b-5Z 
Li -> H ( 2 B ) • Li* B-bfe 
Li -> H(2p) + Li* B--8 
Li -> H(3s) • Li* »-C<i 
Li -> H(3p) • !.l* K-iO 
Li -> H(3d) • Li* ? f>0 

+ H2 -> H(2 1S + 2 3 S) I.- >?. 
+ H2 -> He(2 JP) B 64 
+ H2 -> He(3 1P) B-'.4 
• H2 -> He(x - 447 .1 run) E 56 
• H2 -> He(x » 587.6 run) B-66 
+ H2 -> He(x = 667.8 run) B-66 
• He -> He(2 1 c + 2 3 S) + He* B-S8 
+ He -> He(2 1P) + He* <V»4 
• He -> H e ^ S ) + He' B-8? 
• He -> HeO'P) + He* . L 80 
• He -> He(3 JD) • He* B-f-0 
• He -> He(3 J S) * He* r a* 
• He -> He(3 3P) + He* R 82 
+ He -> He(3 3D) + He* [<• 81 
• He -> He(4 1 S) • He* k 3* 
• Re -> He(4 1P) -• He' < -8< 
• He -> He(4 !D) + He' B-8«» 
• He -> He(4 3 S) • He* B-?f 
+ He -> He(4 3P) + He' B-86 
• He -> He(4 3 0) • He' B-8* 
• Li -> He(53.7 run) + Li' P-68 
• Li -> He(58.4 run) • Li* 6-86 

• H -> He ' (2s ) + H* B-90 
• H - > He ' (2p) • H* &-9C 
• H -> He'(Lyman-a) • H* ft-502 
+ H -> He'(Lyman-fl) • H* . B-3 >2 
• H -> He'{Lyman-T) + H* fe-102 
• H -> He'(Balmer-a) > H' B-i07 
• H -> He'{3p) • H* Si 104 
• H -> He'(3B+3d) • H* , V-J04 
-» II -> He'(4p) • H' B-JC1 
• H2 -> He* (2s) H-i-.6 
• H2 -> He'(2p) r»-106 
• Hj -> He'iLyman-a) B-108 
• H2 -> He'(Lyroan-6) n-10P 
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B. Electron Capture i n t o Excited S t a t e s (Cont'd 

He2* • H2 -> He*(Lyman-T) B-108 
He 2* + H2 -> He*(Balmer-a; B-108 
He2* + H2 -> He*(3p) B-110 
He2* + H2 -> He*(3s+3d) B-110 
He2* • H2 -> He*(4p) B-110 
He2* + He -> He*(2s) + He* B-112 
He2* + Li -> He*(2p) + Li* B-118 
He2* + Li -> He*(3p) • Li* B-118 
He2* + Li -> He*',4p) + Li* - B-118 
He2* + Li -> He*(3s+3dj + Li* , B-118 
He2* • Li -> He*(4s*4d) • Li* B-118 
He2* • Li -> He*(Lynan-a) + Li* B-120 
He2* + Li -> He*(Ly*an-0) + Li* B-120 
He2* + Li -> He*(Lyjnan-T} + Li* B-120 
He2* • Li -> He*(Bal«er- u ) • Li* B-122 
He 2* • Li -> He*(BaI»ier-B) + Li* B-122 
He2* + Li -> He*(8alner-T) • Li* B-122 
He2* + Li -> Hc*{Ealaer-0) • L'* B-122 

C. E x c i t a t i o n and Spectral Line Erniesion 

H • H -> K{2s) , . . C-2 
-> il(2p) . . C-2 
-> R(3s) C-4 
-> H(3p) C-4 
-> HCid) C-4 
-> H(Balwer-a» C-4 

H * H2 -> H(2») ' p r o j e c t i l e ] C-6 
-> H{2p) ( p r o j e c t i l e i C-6 
-> (2fc) (' .argetj C-6 
-> (2p) [ t a r g e t ) C-6 
-> (Lyman-a) C-8 
-> H(38) C-10 
-> H(3p+3d) C-10 
-> H(Balmer-u) . , , C-12 
-> H(4S) C-14 
-> H(4p+4d) . . . C-14 
-> H(Bala«r-B) C-14 

H ( 2 B ) • H2 -> H(lyntan-a) C-16 
-> H(38) C-18 
-> H(Balmer-a) C-18 

H(2s) + fie -> H(Lyman-a) C-20 
-> H(3s) C-22 
-> H(Balmer-j) C-22 

H * He -> H(Lyman-a) C-24 
-> H(28) C-10 
-> H(2p) C-10 
-> H(3s) . . C-32 
-> H(3p) C-32 
-> H(3d) C-32 
-> H(3p+3d) C-12 
-> H(Balmer-a) C-34 
-> H(Baliner-e) c-34 
-> H(46) C-16 
-> H(4p+4d) C-16 
-> H p ( l ' p ) C-18 
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C- Exc i ta t ion and Spectral Line Emission (Cont'd) 

H • He -> He(3 3P) , C-38 
-> He(3 3D) C-38 
-> He(4 1 S) C-40 
-> He(4 1P) C-40 
-> He(4 1D) C-40 
-> He(4 3 S) C-42 
-> He(4 JP) C-42 
- > He(4 3 D) C-42 

H* * H -> H(28) C-44 
-> H(2p) C-44 
-> H(n-2) C-48 
-> H(n=3) C-48 
-> H(n-4) C-48 

H* • H2 -> H* • H(2s) •*• H C-50 
-> H* • H(2p) + H C-50 
-> H* • H(3p) • H „ C-52 
-> H(Ly»an-o) C-54 
-> H(Balner-a) C-56 
-> H<Bal«er-0) C-56 
-> H(Balmer-T) C-56 
-> H2(LyMan-Band) C-58 
-> H2(Lywan-Band) C-58 

H* • He -> He(2 I S) C-60 
-> He(2*P) C-60 
-> He(2 1 S • 2*P) C-60 
-> He(3 3S) C-66 
-> He(3 3P) C-66 
-> H*(3 lD) C-66 
-> He(4 1 S) C-68 
-> He(4*P) C-68 
-> He(4 1D) C-68 
-> v . u . v . (20-140 run) C-70 

He* • H -> H(n-2) C-72 
-> H(2s) C-74 
-> H(2p) . C-74 

He* • H2 -> H(Lyman-a) C-78 
-> H(Lyman-0) C-78 
-> H(Balwer-o) , C-90 
-> H(Balmer-e) C-80 
-> H(2s) C-82 
-> H(2p) C-82 
-> H ( 3 B ) C-84 
-> H(3p) C-84 
-> He* (28) C-36 

He* • He -> He(2'S) ( targe t ) C-88 
-> He(2 JP) ( targe t ) C-88 
-> He(2 JS) | t a r g e t | C-90 
-> He(2 3P) ( targe t ) C-90 
-> He(3'S) ( t a r g e t ) C-92 
-> He(3 lP) ( t a r g e t ) C-92 
-> He(3 !D) ( targe t ) C-92 
-> He(3 3S) ( target | C-94 
-> He(3 3p) ( t a r g e t ) <"-94 
-> He(VD) ( t a r g e t ) C-94 
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C. E x c i t a t i o n and Spectral Line Emission (Cont'd) 

He* + He -> H e ^ S ) [ t a r g e t ] C-95 
-> He(4 1P) ( t a r g e t ) C-96 
-> He(4 1D) ( t a r g e t ] C-95 
-> He(4 3 S) [ t a r g e t ] C-98 
-> He(4 3 P) [ t a r g e t ) C-98 
-> He(4 3D) [ t a r g e t ] C-98 
-> He*(n«2) [ p r o j e c t i l e ) C-100 
-> He*(n=3) [ p r o j e c t i l e ] C-102 

He • H2 -> H(Balmer-a) C-104 
-> H(BalMer-0) C-104 

He + He -> He(2 1 S) C-106 
-> He(2 1P) C-106 
-> HeO'p) C-108 
-> H e ^ D ) C-108 
-> He(3 3P) C-108 
-> He(3 3D) C-108 
-> Hef^S) C-110 
-> He(4 1P) C-110 
-> He(4 3 S) C-112 
-> He(4 3P) C-112 
-> He(2s 2 lZ) C-114 
-> He(2e2p 3P) C-114 
-> He<2p2 lD) C-114 
-> He(2s2p 1P) C-114 
-> He"( l s2s 2 2 S ) C-114 

He2* + H -> H(2e) C-116 
-> H(2p) C-116 

He(2 3 S) • Hef^S) -> H e ^ P ) • He C-118 
-> He(3 3P) • He C-I20 
-> He(4 3S) • He C-122 
-> He(4 3 D) • He C-122 
-> He + He(4 JS) C-124 
-> He • He(4 3 D) C-124 

H* • Li(?8) -> Li(2p) . C-126 
-> L i (670 .8 nm) C-126 

He* + Li (2e) -> Li(670.B nm) C-128 

He 2 ' • L i (2 s ) -> Li(2p) C-130 

-> Li (670 .8 nm) C-130 

D. Ion iza t ion C o l l i s i o n s and Charge Production 

H • H2 -> Total Slow p o s i t i v e Ion Production 0-2 
-> Total Slow Electron Production D-2 

-> H * H2* • e 0-4 

H* • H -> H* * H* • e D-6 

H* • H" -> H 2* + e D-12 

H' »• H2 -> Total Slow Electron Production r>-)4 
-> H' • H2 • e 0-16 
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D. Ionization collisions and Charge Production (Cont'di 

H* • H 2 -> Total Production of H2* D-16 
-> Total Production of H* D ~ 1 6 

H* • He -> Electrons and H~ 0-18 
-> H* • He* • e D-24 
-> (H + He*) or (H* + He* • e) D-24 
-> H* • He2* • 2e D-34 
-> (H" • He2*) or (H* • He2* • 2e) D-34 

Be(21&) + H -> He • H* + e D-42 
-> HeR* • e D-42 
-> (Be • H* + e) or (HeH* • e) D-42 

He(23S) 4 H -> Be • H* + e D-44 
-> HeH* • e D-44 
-> (Be • H* • e) or (HeH* • e) D-44 

Be(23S) • B 2 -> Total Ionization D-46 
-> Rearrangement Ionization D-46 

Be'2*S) + H 2 -> Total Ionization D-48 
-> Rearrangement Ionization D-48 

K* * He* -> (H* • He2* + e) D-50 
-> (H* • He2* • e) or (H° • he2*) D-50 

He* • He* -> (He* • He2* • e) D-58 
-> (He + Be2*) or (He* + He2* • e) D-58 

He + H 2 -> Total Slow Positive Ion Production D-64 
-> Total Slow Electron Production D-64 
-> He • H2* • e D-66 
-> Total H* Production D-66 

He + He -> Total Slow Positive Ion Production D-68 
-> Total Slow Electron Production D-68 
-> He • He* + e D-70 
-> He + He2* • 2e D-70 

He* • H -> He* • H* + e D-"'2 

He* • H 2 -> Total Slow Positive Ion Production D-76 
-> Total Slow Electron Production D-76 

He* • H 2 -> (He • H2*> or (He* • H2* + e) D-78 
-> Total H Production D-78 
-> H«* • H* + H* • 2e D-78 

He* • He -> Total Slow positive Ion Production D-80 
-> Total Sic* Electror Production D-80 
-> He' • He* * e D-90 
-> He' + He2* • 2e D-90 

He2* • H -> He2* • H* • e D-96 

He2* • H2 -> Total Slow Positive ion Production D-100 
-> Total Slow Electron Production 0-100 
-> Total H' Production D-102 
-> H* Production rvy ionization Collisions D-102 
-> Total H3' Production D-102 
-> H2* Production by Single-Ionization D-102 
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D. Ionization Collisions and Charge Production (Cont'd) 

He'* • He -> Total Slow Positive Ion Production D-104 
-> Total Slow Electcon Production D-104 
-> He2* • »>* • e D-114 
-> He2* + He** + 2e D-114 

H* • Li -> H* • Li* + e D-122 

He* + Li -> He* * Li* * e D-126 

He2* * Li -> He2* + Li* • e D-128 

S. Electron Loss or Stripping Collisions 

H * H - > H * + H * e E-2 
H(2s) • H(lS) -> H* + H * e E-4 
H • H 2 -> 5"* • H 2 • e E-6 
H(2S) + H, -> 6* • R2 • e E-8 
H * H e - > H * * H e + e E-10 
H(2s) • He -> H' • He • e E-14 

He • H -> He* + H • e E-16 
He + H 2 -> He* • H 2 • e E-18 
He • H 2 -> He2* + H 2 + 2e E-18 
He* + H 2 -> He or He* E-20 
He* • H 2 -> He* • H 2 • e E-20 
He* + H 2 -> He + H 2 E-20 
He + rie -> He* + He + e E-22 
He • He -> He2* • He • 2e E-22 

He* + H -> He2* • H • e E-28 
He* + H 2 -> He2* + H 2 • e E-30 
He* • He -> He2* • He + e E-32 

F. Electron Detachaent Collisions 

H" • H -> H + H • e F-2 
-> (H • H • e) or (H • H") F-2 
-> H* • H * 2e . F-4 

H" • H* -> H • H* • 2e F-6 
H* • H 2 -> H • H 2 • e F-8 

-> H* • H 3 • 2e F-10 
H" • He -> H t He + e F-12 

-> H* + He • 2e F-14 

He" • H -> He * H • e F-16 
He* • Hj -> He • H 2 • e F-18 

-> He* • H 2 • 2e F-18 
He" • He -> He • He • e F-20 

-> He* • He • 2e F-20 

Li* • H 2 -> LI • H 2 + e F-22 
-> Li' • H 2 + 2e F-22 

Li* • He -> Li + He • e F-24 
-> LI* • He + 2e F-24 
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G. Dissociative Collisions 

H • H 2 -> H" • (H* T H*) • e G-2 
-> H • (H* + H*) + ?e G-2 
-> H* • (H* + H*) • ie G-2 
-> H • (B + H*) + e G-4 
-> H* • {H • H*) + 2e G-6 
-> H" + (H* + H) G-8 

H* • H 2 -> H* + H* • H* • 2e G-10 

He* • H 2 -> He* • H* + H* • 2e G-12 

He2* + Hj -> Be2* • (H* • H) • e (via lsog) G-M 
-> He2* • (H* • H) + e (via 2pwu) G-16 
-> He* • (H* • H) G-18 
-> Be* * (H* • H*) • e c G-20 
-> He2* • (H* • H*) • 2e G-22 
-> He • (H* • H*) G-24 

Hj* • H 2 -> H* P r o j. G-26 

H2* • H -> H* P r o j. c 2 f l 

H2* • H 2 -> Hp r o j. G-30 
-> (H* + H) + H 2 G-32 

H2* • He -> Total H* G-34 
-> (H* • H) • He G-36 

H 2 • H 2 -> H*(rast,Total) G-38 
-> H(Past,Total) G-40 
-> Total Destruction of Fast H 2 Proj G-42 

H3* • H 2 -> Total Destruction of H3* G-44 

H2* + H 2 -> Total Destruction of H2* G-46 

H3* • H 2 -> H*(Total,Projectile) G-48 
-> Hj*(Tctal,Projectile) G-50 
-> H(Total,Projectile) G-52 
-> H2(Total,Projectile) G-54 

H3* • He -> H*(Total) G-56 
-> H2* 0-58 

HeH* • H 2 -> Total HeH* Dissociation Prod 0-60 

HeH* • He -> Total HeH' Dissociation Prod G-62 

H* • D2 -> D' • HD H-2 
-> HD* • D H-2 

HD' • D 2 -> HD2* • D H-4 
-> Dj' • H H-4 



H. Particle Interchange Reactions 

HD*(u-0) + He -> HeH* • D H-6 
HD*(w-l) + an -> HeH • D H-6 
HD*(u-2) + He -> HeH* + D H-6 
HD*(u-3! + He -> HeH* + D H-6 
HD*(u-4) + He -> HeH* + D J H-6 

H2* • He -> HeH* + H H-8 

B 2* + H2 -> H3* • H H-10 

Dj* + D2 -> D3* • D H-12 

D 2*(w-0) + H2 -> HD2* • H H-14 
D2*(o=l) • H2 -> HD/ + H H-14 
D2*(v~2) + H2 -> HD3* • H H-14 
D 2 * ( H - 3 ) • H2 -> HD2* • H H-14 

H 2 *(u-0) • D 2 -> HD2* • D H-16 
B 2 * ( w l ) + D 2 -> HD2* • D H-16 
R 2 *(v-2) • 0} -> HD2* • D H-16 
H2*(«i-3) • D 2 -> HDj* + D H-16 
H 2*(u-4) + D 2 -> HD2* * D H-16 
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Appendix 1: Calculat ion of Cross S e c t i o n s and Rate C o e f f i c i e n t s 

frosi Chebyshev P i t t i n g Parameters , . . . . 1-1 
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Appendix 3: Atonic Physics (Handy Conversion Units and formulas) 3-1 
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FOREWORD 
The Controlled Fusion Atomic Data Center (CFADC) vas 

founded informally at Oak Ridge National Laboratory by Clarence 
F. Barnett in 195'J, and was officially established six years 
later. The continuing mission of the CFADC is to identify, 
compile, evaluate and recommend data on atomic and molecular 
collision processes which are important in fusion energy 
research. "Barney" dedicated much of his professional career to 
the promotion of effective scientific communication between the 
atomic and fusion research communities, and was still- actively 
engaged in this mission at the time of his death in 1989. This 
"Redbook" volume represents a major part of his continuing 
professional efforts during the years following his formal 
retirement from ORNL in 1985. Barnett*s insights, guidance and 
dedication to this mission will be sorely missed by the CFADC 
and by the fusion research community. 

Ronald A. Phaneuf 
Hamilton T. Hunter 
M. Imogene Kirkpatrick 
David H. Crandall (DOE) 
This photo is from his "official" retirement in 1985. His 
spirit will continue to encourage us in the future. 
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Series Preface 
The primary objective of the Controlled Fusion Atomic Data 

Center at Oak Ridge National Laboratory is to publish and 
distribute handbooks containing numerical and graphical cross-
section and other physical data relevant to fusion energy 
research. In 1977, a two-volume compilation was published as 
ORNL reports ORNL-5206 and ORNL-5207. Since that time, a 
large volume of pertinent data has become available, necessi
tating an update and expansion of the previous compilation. 
The specific volumes in this series, entitled "Atomic Data for 
Fusion," are listed below. 
Vol. 1, "Collisions of H, H2, He, and Li Atoms and Ions with 

Atoass and Molecules," C. F. Barnett, ORNL, ORNL-6086 
(June 1990). 

Vol. 2, "Collisions of Electrons with Atoms and Molecules," 
J. W. Gallagher, National Institute of Standards and 
Technology; and D. C. Gregory, ORNL (in preparation). 

Vol. 3, "Particle Interactions with Surfaces," E. W. Thomas, 
Georgia Institute of Technology, OHNL-6088 (January 
1985). 

Vol. 4, "Spectroscopic Data for Iron," W. L. Wiese, National 
Bureau of Standards, ORNL-6089 iMarch 1985). 

Vol. 5, "Collisions of Carbon and Oxygen Ions with Electrons, 
H, H?, and He," R. A. Phaneuf, ORNL; R. K. Janev, 
Institute of Physics, Yugoslavia; and M. S. Pindzola, 
Auburn University, ORNL-6090 (January 1987). 

Vol. 6, "Spectroscopic Data for Titanium, Chromium, and 
Nickel," W. L. Wiisse and A. Musgrove, National 
Institute for Standards and Technology, ORNL-6551 
(September 1989). 

C. F. Barnett 
H. T. Hunter 
M. I. Kirkpatrick 
R. A. Phaneuf 
June 1990 
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ABSTRACT 
This report provides a handbook of recommended 

cross-section and rate-coefficient data for inelastic 
collisions between hydrogen, helium and lithium atoms, 
molecules and ions, and encompasses more than 400 
different reactions of primary interest in fusion 
research. Published experimental and theoretical data 
have been collected and evaluated, and the recommended 
data are presented in tabular, graphical and 
parametrized form. Processes include excitation and 
spectral line emission, charge exchange, ionization, 
stripping, dissociation and particle interchange 
reactions. The range of collision energies is 
appropriate to applications in fusion-energy research. 
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INTRODUCTION 
This volume contains recommended cross-section and rate-

coefficient data for inelastic collisions between hydrogen, 
helium and lithium atoms, molecules and ions, and encompasses 
383 different reactions of primary interest in fusion research. 
Published experimental and theoretical data have been collected 
and evaluated, and the recommended data are presented in 
tabular, graphical and parametrized form. Inelastic processes 
include excitation and spectral-line emission, charge exchange, 
ionization, stripping, dissociation and particle interchange 
reactions. Emphasis has been given to the range of collision 
energies appropriate to diagnostic and modelling applications in 
fusion-energy research. 

The data which form the basis for this volume of 
recommended data are those which were available as of September 
1988. The bibliographic files of the ORNL Controlled Fusion 
Atomic Data Center provided the lists of references for this 
volume. In the vast majority of cases, the numerical data were 
obtained from the original publications, either from tables 
where available, or from figures using a precision graphical 
digitizer system. The rms uncertainty associated with the 
digitization system was determined to be less than 2%. 

The recommended data in this compilation are based almost 
exclusively on experimental data. Theoretical data have been 
considered when it was desirable to extend the measurements to 
higher or lower collision energies, and also for a few important 
reactions where experimental data were unavailable. Specific 
references to the literature and notes are presented for each 
reaction, along with an estimated uncertainty in the recommended 
cross section. The latter was determined from uncertainties 
quoted in the original data sources, and also from the 
consistency of the data when more than one source was available. 
To determine the recommended cross sections in the latter case, 
relative weightings were made on the basis of the reliability of 
the different experimental methods used. In some cases, 
possible effects on the measurements due to other competing 
processes were also considered in determining the recommended 
cross section and its estimated uncertainty. For some 
reactions, it was not possible to estimate an uncertainty. In 
all cases, the estimated accuracies of the recommended data are 
believed to have been conservatively estimated, and are intended 
to represent upper limits. 

Reaction rate coefficients have been calculated from the 
recommended cross-section data where appropriate for fusion 
applications, and where the energy range of the available data 
permits. These are based on Maxwellian velocity distributions 
for each reactant, where each may be characterized by a 
different temperature, and also for the case of a monoenergetic 
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(neutral) beam interacting with a Maxwellian distribution. The 
temperature ranges for the calculated rate coefficients are 
constrained by the energy range over which cross-section data 
are available. The tabulated values for the rate coefficients 
have been flagged in those temperature ranaes where the limited 
energy range of the data appreciably influences their accuracy. 

For convenience, least-squares CheLyshev polynomial fits to 
the recommended cross-sections and rate coefficients are pre
sented for each reaction. These polynomial fits are indicated 
graphically, and a statement is made concerning the accuracy of 
each fit to the recommended data. Practical details, rn the 
least-squares fits and sample computer programs for rapidly 
generating the recommended cress sections and rate coefficients 
from the fitting coefficients are presented in Appendix 1. 

For further ease of retrieval and application of the recom
mended cross-section data, a PC-DOS formatted diskette has been 
prepared and is available for distribution. Included on this 
diskette are data files with the Chebyshev fitting coefficients 
for each reaction encoded in ALADDIN format, 1 , Z along with a copy 
of the ALADDIN program (written in FORTRAN-77). The ALADDIN 
program and data files may also be conveniently transmitted by 
electronic mail. Further details about ALADDIN are presented in 
Appendix 2, along with samples of the data entries from each 
chapter. Information about how to obtain the program and data 
files for this and other compilations may also be found in 
Appendix 2. 

1. R. A. Hulse, "The ALADDIN Atomic Physics Database System," 
pp. 63-72 in Atomic Processes in Plasmas. AIP Conference 
Proceedings 206, ed. Y. K. Kim and R. C. Elton, AIP, New 
York, 1990. 

2. ALADDIN Manual. A System for Storage, Exchange and Manage
ment of Atomic and Molecular Data for Fusion. IAEA-ND3-AM-
17, Atomic and Molecular Data Unit, Nuclear Data Section, 
International Atomic Energy Agency, Vienna, June 1989. 



A. Total Electron Capture Cross Sections 
(* denotes rate coefficient data also) 

Page 
Electron Capture by Heutral H A-2 

H + H -> H~ + H* A-2* 
H + H 2 -> H" + H2* A-8 
H + He -> H" + He* A-10* 
H + Li -> H~ + Li* • • A-16* 
H + K- -> H" + H - , A-20 

Electron Capture by H* A-2 2 
H + + H - > H + H* A - 2 2 * 
H + + K2 - > H A-28 
H* + H 2 - > H" - . . - . ' . . • . A - 3 0 
H + + He -> H t He f A-32* 
H + + He -> H" + He 2 * A-38 
H* -t- L i -> H + L i f . . A - 4 0 * 
H + + H" - > H" + H + A-44 
H* + H" -> 2H A-46 
H* + He* -> o ( H e 2 f T o t a l ) - A - 4 8 * 
H f + He* -> H * He 2 * A - 5 4 * 

E l e c t r o n C a p t u r e by H 2

+ A - 5 8 

H2* + H -> H2 + H* A-58 
H 2 * + H 2 - > H 2 A-58 
H 2 * + He - > H 2 + He* A-58 
H 2 * ( u ) + H 2 - > H 2 A-60 

Electron Capture by He + A-62 
He* + H -> He + H+ A-62* 
He* + H" -> He + H A-86 
He* + H 2 -> He A-68 
He* + He -> He + He* A-70* 
He* + Li -> He + Li* A-76* 
He* + He* -> He «• He** A-86* 

Electron Capture by He2* A-84 
He2* + He* -> He* + He2'(Partial & Total) A-84 
He2* + H' -> He* + H A-86 
He2* + H -> He* + H* A-88* 
He2' + H? -> He* A-94 
He2' + H ? -s He A-96 
He2' + He -> He' + He* A-98* 
He2' + He -> He + He" A-104* 
He2* + Li -' He' + Li' A-110* 
He2' + Li -> He + Li2' A-114* 
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Electron Capture Cross Sections for 

energy Velocity Cross1- itc^ ;<?.-
(eV/aau) >'cn/s) <e=-~! 

2.0E+03 6-.21E+07 I.56E-I3 
4.0E+03 8.79E+07 3.64E-18 
7.0E+03 1.16E+08 7.63E-18 
1.0E+04 1.39E+08 1.18E-17 
1.6E+0C 1.76E+08 1.63E-1? 
2.0E+04 1.96E+0B 1.55E-17 
3.1E+04 2.4SE+08 9.98E-18 
•I.OE+04 2.78E+08 S.S8£-lb 
7.0E+04 3.68E+08 l.'8E-18 
7.3E+04 3.75E+06 1.37E-18 

Referencesr 33. 31, 396 

Accuracy: £ < 8xl03 eV/aau - 50%; E > 8xl03 eV/aaiu - 20% 

Mote; Pot energies less than 8xl03 eV/aau large discrepancies exist between the data. 

Poi a Chebyshev fit of the above cross sections it is necessary to uee the following parameters. 
Epjn » 2.0E+03 ev/a»u, E,,,, » 7.3E+04 eV/amu 

Chebyshev Pitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 A8 
-79.9637 .00368622 -1.08628 -.302134 .0745111 .148356 -.0426883 .0535533 -.0289283 

The fit represents the above cross sections with an rus deviation of l.Ot. 
The maximum deviation is 2.0% at 2.0E+04 eV/anu. 
See appendix for Chebyshev fit details. 
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H + H - > H~ + H 

Cross Section vs. Energy 
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Electron Capture aate C o e f f i c i e n t s for 
H + H -> H" + H* 

Maxvell ian - Raxwellian Rate C o e f f i c i e n t s ( c m 3 / s ) 

H 
Teap. Fqual H Teap. (eV) 
(eV) Venp. 10C0. 2000. 5000. 10000. 12000. 15000. 20000. 

1.0E+02 1.96E-14 7.56E-11 2.82E-1C 1.01E-09 1.62E-0S 1.70E-09 1.72E-09 1.S5E-09 
2.0E+02 2.57E-12 9 . 2 2 E 1 1 3.06E-10 1.03E-09 J.63E-09 1 ">0E-C9 1.72E-09 1.6SE-09 
4.0E+C2 3.36E-11 1.29E-10 3.56E-10 1.07E-09 1.64E-09 1.71E-09 1.72E-09 1.O4E-09 
7.0E+02 1.29E-10 1.90E-10 4.32E-10 1.13E-09 1.6SE-09 1.71E-09 1.72E-09 1.63E-09 
1 0E+O3 2.S8E-10 2.58E-10 5.10E-10 1.18E-09 1.66E-09 1.72E-09 1.72E-09 1.63E-09 
•I.OE+03 7.64E-10 5.10E-10 7.64E-10 1.34E-09 1.70E-09 1.72E-09 1.71E-09 1.60E-09 
4.0E+O3 1.46E 09 9.91E-10 1.18E-09 1.55E-09 1.72E-09 1.72E-09 1.67E-09 1.55E-09 
7.02*03 1.72E-09 1.46"-09 1.55E-09 1.70E-09 1.71E-09 1.67E-09 1.60E-09 1.47E-09 
1.0E+04 1.65E-09 1.66E-09 1.70E-09 1.72E-09 1.6SE-09 1.60E-09 1.52E-09 1.38E-09 
2.0E+04 1.14E-39* 1.63E-09 1.60E-09 1.52E-09 1.38E-09 1.33E-09 , .26E-09* 1.14E-09' 

Accuracy: * - F c s s i b l e Error Greater Than 10% 
• • - Poss ib le Error Greater Than 100% 

Note: For Cbebystev f i c s of the above r i t e c o e f f i c i e n t s i t i s necessary t o use the fo l lowing paraae ters . 
£„,£„ • 1.0E+02 eV, ZU9% » 2.0E+04 eV 

Chebyshev p i t t i n g Parameters for Rate C o e f f i c i e n t s 
H 

Teap. 
(eV) AD Al A2 A3 A4 A5 A6 

1000. -4.34136E+01 1.77058E+00 -2.19086E-02 -Z, .54539E-C1 -5.12704E-02 1.82644E-02 9.12815E-C3 
2000. -4.221415+01 1.02952E+00 3.42057E-02 - 1 . .66830E-01 -5 .60021E-02 5.86271E-03 8.15346E-03 
5000. -4.0936113+01 2.82198E-C1 -5.96305E-03 -7, .32604E-02 -3 .54191E-02 -5.05727E-03 2.39134E-03 

10000. -4.04860C+01 -3.08846E-02 -5.68396E-02 - 4 , .34280E-02 -1 .90470E-02 -4.6102SE-03 -1.80695E-05 
12000. -4.04639E+01 -7.77066E-02 -6.68905E-02 - 3 , .99404E-02 -1 .61322E-02 -3 .99466P-03 -2.04042E-04 
15000. -4.04949E+01 -1.16325E-01 -7.60484E-02 - 3 , .69771E-02 -1 .33535E-02 -3 .2467.E-C3 -2.69603E-04 
20000. -4.06294E+01 -1.47825E-01 -8.23614E-02 - 3 , .42640E-02 -1 .08621E-02 -2.44826E-03 -2.60694E-04 

Equal Teap. -4.70326E+01 4.69621E+00 -2.27782E+00 4 .67042E-C1 -2.66936E-01 1.22082E-01 -1.65425E-02 

See appendix for Chebyshev f i t d e t a i l s . 
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H + H - > hf + M* 

Maxwellian — Maxwellian 
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O = 15000. 

O = 2 0 0 0 0 . 

Recommended 
Doto 

Chebyshev Fit 
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10* 10' 
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104 103 
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Electron Capture Bate Co<;fficie.-.j.. 
H T K -> B" * H* 

for 

Beaa - Maxwellian 8at« Coefficients (CB 3/S) 

H 
Trap. B Erergy (eV/asu) 
(eV) 10000. 20000. 40000. 45000. 50000. 60000. 70C0G. 

1.0E+00 1 . 6 3 E - 0 9 " 3 . 0 3 E - 0 9 " 1 . 5 5 E - 0 9 " 1 . 2 4 E - 0 9 " 1.02E-09** 7 . 2 6 E - 1 0 " 5 . 4 5 E - 1 0 " 
2.0E+00 X.63E-09* 3.03E-09* 1.55E-09** 1.24E-09** 1.02E-09** 7 . 2 6 E - 1 0 " 5 . 4 5 E - 1 0 " 
4.0E+00 1.63E-09* 3.02E-09* 1.55E-09** 1.24E-09** 1 .C2E-09" 7 . 2 6 E - 1 0 " 5.45E-10** 
7.0E+00 1.63E-09* 3.02E-09* 1 . 5 5 E - 0 9 " 1 . 2 4 E - 0 9 " 1.02E-O9** 7 . 2 6 E - 1 0 " 5 . 4 5 E - 1 0 " 
l.OE+Ol 1.63E-09* 1.01E-09* 1 . 5 5 E - 0 9 " 1.24E-09** 1.02B-09** 7 . 2 6 B - 1 0 " 5.43E-10** 
2.0E+01 1.63E-09* 3.00E-09* 1 . 5 4 E - 0 9 " 1.24E-09** 1 . 0 2 E - 0 9 " 7 .2«E~10" S . 2 7 E - 1 0 " 
4.0E+01 1.63E-09* 2.98E-09* 1.54E-09** 1 . 2 5 E - 0 9 " 1 . 0 2 E - 0 9 " 7.27E-10** 4.94E-10** 
7.0E+01 1.63E-09* 2.9SE-09* 1 . 5 4 E - 0 9 " 1 . 2 5 E - 0 9 " 1.02E-09** 7 . 2 8 E - 1 0 " 4 .62E-1G" 
1.0E+02 1.64E-09* 2.94E-09* 1 . S 4 E - 0 9 " 1 . 2 5 E - 0 9 " 1 . 0 3 E - 0 9 " 7 . 2 9 B - 1 0 " 4.«2B-10«« 
2.0E+02 1.66E-09* 2.89E-09* 1.54E-09** 1 . 2 5 E - 0 9 " J.03E-09** 7.29E-10** 4 . 1 0 E - 1 0 " 
4.0E+02 1.71E-09* 2.81E-09* 1.55E-09* 1 . 2 6 E - 0 9 " 1.04R-09** 7.19E-1C*• 3 . 9 1 E - I 0 " 
7.02+02 1.76E-09* 2.71E-09* 1.55E-09* 1 . 2 7 E - 0 9 " 1.05E-C9** 7.C3E-10** 3 . 8 6 E - 1 0 " 
1.0B+03 1.80E-09* 2.62E-09* 1.54E-09* 1.28E-09* 1 . 0 5 E - 0 9 " S . 9 3 E - 1 0 " 3 . 8 8 E - 1 0 " 
2.0E+03 1.88E-09* 2.40E-09* 1.S2E-09* 1.27E-09* 1.05E-09** 6 . 8 6 E - 1 0 " 4.08E-10** 
4.0E+03 1.90E-09 2.12E-09* 1.42E-09* 1.21E-09* 1.02E-09** 6.97B-10** 4.51E-10** 
7.0E+03 1.86E-09* 1.85E-09* 1.28E-09* 1.12E-09* 9.66E-10* 7 . 0 1 B - 1 0 " 4 . 9 2 E - 1 0 " 
1.0E+04 1.78E-09» 1.67E-09* 1.16E-09* 1.03E-09* 9.10B-10* 6.90E-10** 5.11E-10** 
2.0E+04 1.48E-09* 1.29E-09* 9.21B-10* 8.39E-10* 7 . 6 1 E - 1 0 " 6.22E-10** 5 . 0 3 E - 1 0 " 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Note: For Chebyshev fits of the above rate coefficients it is necessary tc use the following paraaeters 
E„ i n - 1.0E+00 «V, E^,, • 2.0B+04 eV 

Chebyshev Pitting Parameters for Rate Coefficients 
H 

Energy 
(eV/a*o) A0 

10000. -4.04105E+01 
20000. -3.96573E+01 
40000. -4.07630E+C1 
45000. -4.11299E+01 
50000. -4.14810E+01 
60000. -4.21440E+01 
70000. -4.28B27E+C1 

Al A2 A3 A4 A5 A6 

•1.81756E-03 
8.20202E-04 
3.26863E-03 
1.835S5E-03 

14810E+01 -7 .829772-02 -7.66264E-02 -5.87240E-02 -3.17702E-02 -1.03177E-02 -4.83902E-04 
21440E+01 -5.01687E-02 -2.65441E-02 -.1 .113146-02 -8.49«8«E-03 -1.30422E-02 -1 .4335tP-02 

7.9O160E-O2 1.09846E-01 8.4539SE-02 -3.13642E-02 -4.50109E-02 -6 .86268^-03 

2.91340E-02 -2.63688E-02 -« .02938E-02 -4 .80367E-02 -1.89721E-02 
-3.51288E-01 -1.95694E-01 -7.65178E-C2 -1.76176E-02 6.76024E-05 
-1.72032E-01 -1.30927E-01 -8.12602E-02 -3.70555E-02 - 8 . 6 8 4 K E - 0 3 
-1.16178E-01 -1.03253P-01 -7.22628E-02 -3.62733E-02 -1.02839E-02 

See appendix for Chebyshev f i t d e t a i l s . 
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H + H ->H~ + H* 

Beam — Maxwellian 
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ffl = 60000. 

O = 70000. 
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Electron capture Cross Sections for 
H • H 2 -> H" 

Energy Velocity Cross Section 
(ev/aad) (c«/s) (cat2) 

4.QE+01 8.79E+06 1.05E-18 
7.0E+01 1.KCB-HI7 1.78E-18 
1.0E+42 1.39E+07 2.52E-18 
1.4E+02 I.64E+07 3.08E-18 
2.0E+02 1.96E+07 2.74E-18 
4.OE+02 2.78E+07 1.70E-18 
7.OE+02 3.68E+07 1.24E-18 
l.OE+03 4.39E+07 1.31E-18 
2.0E+03 6.21E+07 5.28E-18 
4.0E+03 •.79E+87 1.46E-17 
7.0E-MJ3 1.16E+0S 2.18E-17 
1.0E+04 1.39E+08 2.32E-17 
2.0E-HM 1.96E+08 1.91E-17 
4.0E«44 2.78E+08 9.93E-J8 
7.0E+04 3.68E+88 4 .07E-1* 
I.OE+O: 4.39E+08 1.68C-18 
2.0E+0S 6.21E+06 1.72E-19 
4.0E+05 8.78E+08 6.12E-21 
4.6E+05 9.42E+08 2.97B-21 

References: 26, 27, 28, 29, SO, Zl, 32, 33, 35, 396 

Accuracy: 25% 

tie: The quoted results are believed to be accurate to within 25%, although the data presented 
in soae of the references say deviate by 50-60%. 

for a Cnebyshev fit of the above cross sections it is necessary to use the following parameters. 
E „ i B - 4.0E+01 eV/aau, E , ^ - 4.6E+05 eV/aau 

Ctt»PVth«T 'MlM F i t m t W t9l C m * SecUPHf 

A0 Al A2 A3 A4 AS A* A7 A8 
-82.8333 -1.65457 -2.60408 -1.53870 -.368649 .413620 -.165702 -.127116 .256041 

The fit represents the above cross sections with an raa deviation of 9.5%. 
The »aslauB deviation is 26.2% at 1.0E+03 eV/assu. 
See appendix for Chebyshev fit details. 
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H + H2 - > H " 

Cross Section vs. Energy 
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Electron Capture Cross Sections for 
H + Be -> H" + He* 

Energy Velocity Cross Section 
(eV/aan) <ca/s) (ca2) 

7.7E+02 3.85E+07 1.47E-19 
i.OE+03 4.39E+07 2.15E-19 
2.0E+03 6.21E+07 5.80E-19 
3.02+03 7.61E+07 1.04E-18 
4.0E+03 8.79E+07 1.61E-18 
5.0E+C3 9.82E+07 2.23E-18 
6.0E+03 1.0BE+08 2 .88E-18 
7.0B+03 1.16E+08 3.46E-18 
9.0E+03 1.32E+08 4.34E-18 
1.0E+04 1.39E+08 4 .83E-18 
2.0E+04 1.96E+08 ( . 5 1 8 - 1 8 
3.0E+04 2.41E+08 6.06B-18 
4.0E+04 2.78E+08 5.28E-18 
7.0E+04 3.68E+08 2 .92E-18 
1.0E+05 4.39E+08 1.46E-18 
2.0E+0S 6.212+08 2 .338 -19 
4.0E+05 8.78E+08 2 .47E-20 
7.0E+05 1.16E+09 1.B7E-21 
7.6E+05 1.21E+09 1 .16S-21 

Inferences: 26, 27, 29, 35, 268, 2(9, 270 

Accuracy: 30% 

For a Cbebyshev fit of the above cross sections it is necessary to use the following paraaeters. 
E,,^ • 7.7E+02 eV/aau, E.,, » 7.6E+05 eV/aau 

Chebyshev Pitting Paraaeters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A"» A8 
-85.5215 -1.87685 -3.06302 -.492323 .117220 -.0269941 -.0479364 -.0315786 -.0439288 

The fit represents the above cross sections with an rss deviation of 1.8%. 
The aaxiaua deviation is 2.9% at 7.0E+05 ev/aau. 
See appendix for Chebyshev fit details. 
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H + He - > H" + He 

Cross Section vs. Energy 
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Electron Capture Rate Coefficients for 
H • He -> H" + He* 

Maxwellian - Kaxwellian Rate coefficients (cm3/s) 

H 
Temp. Equal 
(eV) Te*p. 100. 

He Te»p. (eV) 
500. 1000. 5000. 10000. 20000. 

7.0E+01 
1.0E+02 
2.0E'02 
4.0E+02 
7.0E+02 
1.0E+03 
2.0E+Q3 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+04 

3.79E-15 
5.02E-14 
1 .14E-.2 
7.50E-12 
2.48E-11 
5.00E-11 
1.67E-10 
4.19E-10 
7.02E-10 
8.73E-10 
1.04E-09 

4.61E-16 
1.13E-14 
5.09E-13 
4.40E-12 
1.57E-11 
3.24E-11 
1.16E-10 
3.22E-10 
5.86E-10 
7.70E-10 
1.02E-09 

7.47E-15 
5.02E-14 
7.92E-13 
5.11E-12 
1.69E-11 
3.40E-11 
1.19E-10 
3.25E-10 
5.88E-10 
7.71E-10 
1.02E-09 

4.58E-13 
7.92E-11 
2.54E-12 
8.38E-12 
2.20E-11 
4.08E-11 
1.29E-10 
3.35B-10 
5.96E-10 
7.76E-10 
1.02E-09 

2.43E-12 
3.11E-12 
5.86E-12 
1.34E-11 
2.93E-11 
5.00E-11 
1.41E-10 
3.4'E-IO 
6.0SE-10 
7.82E-1P 
1.02E-09 

5.54E-11 
5.78E-11 
6 .605-11 
8.33E-11 
' .11E-10 
1.41E-10 
2.45E-10 
4.42E-10 
6.72E-10 
8.26E-10 
1.02E-09 

1.74E-10 
1.77E-10 
1.87E-10 
2.08E-10 
2.40E-10 
2.71E-10 
3.72E-10 
5.48E-10 
7.44E-10 
8.73E-10 
1.03E-09 

4.26E-10 
4.28E-10 
4.37E-10 
4.55E-10 
4.82E-10 
5.08E-10 
5.86E-10 
7.J7E-10 
8.55E-10 
9.43E-10 
1.04E-09 

Kotes: Por Chebysbev f i t s of the above ra te c o e f f i c i e n t ; i t i s necessary t o u s e t h e fo l lowing parameters. 
E „ i n » 7.0E+01 eV, E „ a x •= 2.0E+04 eV 

Chebyshev F i t t i n g Parameters for Rate C o e f f i c i e n t s 
He 

Tenp. 
<eV) A0 Al A2 A3 A4 A5 A6 

1. -5.10941E+01 6.54972E+00 -2.07764E+00 6.21336E-01 -3.71355E-01 1.34135E-01 -1.51404E-02 
100. -5.00589E+01 5.62889E+00 -1.42974E+00 2.34011E-01 -1.74762E-01 5.17776E-02 1.40144E-02 
500. -4.81708E+01 4.05303E+0O -4.72178E-0) -2.11436E-01 -1.16459E-02 1.30366E-02 9.51225E-03 
1000. -4.7167JE+01 3.28859E+00 -1.32390E-01 -2.90109E-01 -1.07340E-02 2.14696E-02 2.38292E-03 
5000. -4.45966E+01 1.61569E+00 1.93393E-01 -1.64393E-01 -5.91438E-02 7.61287E-03 6.54831E-03 
10000, -4.34391E+01 9.76929E-01 1.85422E-01 -8.18919E-02 -5.25533E-02 -5.26730B-03 3.99780E-03 
20000, -4.2439..-+01 4.8453OE-01 1.19557E-01 -3.07242E-02 -3.26702E-02 -9.20869E-03 1.64244E-04 

Equal Temp. -4.97998E+01 5.73848E+00 -1.74839E+00 4.04712E-01 -2.79431E-01 1.179O0E-O1 -2.07435E-02 

See appendix for Chebyshev f i t d e t a i l s . 
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H -h He - > H ~ + He+ 

Maxwellian — Maxwellian 

10 E 1—I I I 11111 

10" % 

I I l l l l | 1—I I I 1 1111 1—I I I I 111 

.-16 ]Q "1 i i I I i nil i i i i i ni l i i i i i m l 1—i i 11 in 

He Temp. 

(eV) 

A = 1 . 

x = 100. 

v - 5 0 0 . 

* := 1000. 

® = 5 0 0 0 . 

O — 10000. 

O = 2 0 0 0 0 . 

Recommended 
Data 

Chebyshev Fit 

Equal Temp. 

10' 102 103 

H Temp. (eV) 
10' 1CT 
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Electron Capture Rate Coefficients for 
Re -> H Be' 

Beast - Maxwellian Rate Coefficients (CEVS) 

fi 
Teap. Be Energy (eV/aau ) 
(eV) 10000. 20000. 40000. 7J000. 100000. 200000. 500000. 

1.GE+00 6.69E-10 1.28E-09 1.46E-09 1.07E-09 6.41E-10 1.45E-10 8.66E-12** 
2.0E+00 6.6RE-10 1.27E-09 1.46E-09 1.07E-09 6.40E-10 1.45E-10 8 . 6 7 E - 1 2 " 
4.0E+00 6.67E-10 1.27E-09 1.46E-09 1.07E-09 6.40E-10 1.45E-10 8.«7E-12** 
7.0E+00 6.66E-10 1.27E-09 1.46E-09 1.07E-09 6.39E-10 1.44E-10 8.67E-12** 
1.0E+01 6.65E-10 1.27E-09 1.46E-09 1.07E-09 6.39E-10 1.44E-10 8.67E-12** 
2.0E+01 6.64E-10 1.27E-09 1.46E-09 1.06E-09 6.38E-10 1.44E-10 8 . 6 7 E - 1 2 " 
4.0E+01 6.63E-10 1.26E-09 1.45E-09 1.06E-09 6.37E-10 1.44E-10 B.68E-12** 
7.0E+01 6.63S-10 1.26E-09 1.45E-09 1.06E-09 6.36E-10 1.44E-10 8 . 6 8 E - 1 2 " 
1.0E+02 6.64E-10 1.25E-09 1.44E-09 1.0SE-09 6.35E-10 1.44E-10 8.69E-12** 
2.CE+02 6.69E-10 1.24E-09 1.43E-09 1.0SE-09 6.33E-10 1.44E-10 8.72E-12** 
4.0E+02 6.82E-10 1.24E-09 1.42E-09 1.04E-09 6 .312-10 1.44E-10 8.77E-12* 
7.OE+02 7.04E-10 1.23E-09 1.40E-09 1.03E-O9 6.30E-10 1.44E-10 8.85E-12* 
1.0E+03 7.21E-10 1.22E-09 1.39E-09 1.02E-09 6.30E-10 1.45E-10 8.93E-12* 
2.0E+03 7.87E-10 1.21E-09 1.34E-09 9.96E-10 6.29E-10 1.47E-10 9.20E-12* 
4.0E+03 8.79E-10 1.18E-09 1.27E-09 9.60E-10 6.26E-10 1.52E-J0 9.70E-12* 
7.0E+03 9.6SE-10 1.1SE-09 1.18E-09 9.11E-10 6.18E-10 1.60E-10 1.04E-11* 
1.0E+04 1.01E-09 1.12E-09 1.11E-09 8.67E-10 6.07E-10 1.68E-10 1.10E-11* 
2.0E+04 1.05E-09 1.C4E-09 9.S0E-10 7.54E-10 S.63E-10 1.90E-10 1.34B-11* 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev f i t s of the above rate coefficients i t i s necessary to use the following parameters. 

He 
Energy 
(ev/anu) A0 

Chebyshev Pitting Paraneters for Rate Coefficients 

Al A2 A3 A4 AS A6 

10000. -4.19935E+01 2. 
20000. -4.10635E+C1 -7, 
40000. 
70000. 
100000. 
200000. 

-4.08823E+01 -1, 
-4.14695Ef01 -1, 
-4.23878E+01 -4 
-4.52157E+01 9, 

500000. -5.07701E+0] ] 

19891E-01 
94718E-02 
64742E-01 
30558E-01 
00395E-02 
17644E-02 
52640E-01 

24242E-01 
94031B-02 
93840E-02 
61140E-02 
39094E-02 
16076E-02 
03844E-01 

2.58739E-02 
-1.87660E-02 
-4.75948E-02 
-3.80809E-02 
-1.67316E-02 
4.20628E-02 
5.J5224E-02 

-1.96928E-02 
-9.93076E-03 
-1.79398E-02 
-1.75717E-02 
-1.22134E-02 
1.78905E-02 
2.32810E-02 

-2.10662E-02 
-4.65478E-03 
-4.36181E-03 
•6.97521E-03 
-7.11472E-03 
4.62301E-03 
7.67676E-03 

-9.41303E-03 
-1.66689E-03 
4.08769E-04 

-1.71873E-03 
-2.89733E-03 
-6.38872E-04 
2.39728E-03 

See appendix for Chebyshev fit details. 
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He + H - > H" + He+ 

Beam — Maxwellian 
• N - 8 

10 c—i i i ni i i |—i i i mi i |—i i r i i i l l ]—i i i kiui|—i i n i i u 

10~V 

10 
.-10 

10 .-» 

He Energy 

(eV/amu) 

A = 10000. 

x = 2 0 0 0 0 . 

v — 40000. 

K = 7 0 0 0 0 . 

® = 100000. 

O = 200000. 

a = 500000. 

Recommended 
•Data 

Z Chebyshev Fit 

10' 12 ' ' ' • " " ' i...i i m i l l i » ' ' H " i i.,i i m i l l I I M m i 

ICf 10 102 10 3 

H Temp. (eV) 
10 10 
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Electron Capture Cross Sections for 
H + Li -> H~ + Li* 

Energy Velocity Cross Section 
(eV/aau) (cn/s) (cs2) 

3.0E+05 7.61E+08 1.71E-18 
4.0E+05 8.78E+08 8.97E-19 
5.0E+05 9.82E+08 6.99E-19 
6.0E+C5 1.08E+09 6.13E-J9 
7.0E+05 1.16E+09 5.48E-19 
e.OE+05 1.24E+09 4.93E-19 
9.0E+0S 1.32E+09 4.49E-19 
1.0E+06 1.39E+09 4.15E-19 

References; 268 

Accuracy: 30% 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
E B i n » 3.0E+05 eV/amu, E M X • 1.06+06 eV/aau 

Chebyshev Pitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 A8 
-83.5167 -.651028 .13C590 -.0639887 .013020$ 6.98064E-03 -3.26857E-03 5.16789E-05 

The fit represents the above cross sections with an rns deviation of 0.0%. 
The aaxiaua deviation is 0.0%. 
See appendix for Chebyshev fit details. 
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H + Li - > H" + Li 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 

Energy (eV/amu) 
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Electron Capture Rate Coefficients for 
Li + H -> H" • Li + 

Bea> - Haxvellian Rate Coefficients (caVs) 

u 
Teap. Li Energy (ev/aau) 
(eV) 300000. 350000. 400000. 450000. 500000. 550000. eooooo. 

1.0E+00 6.49E-10" • 9.94E-10** 7.89E-10" 7.33E-10** 6.87E-10" 6.72E-10** 6.59E-10" 
2.0E+00 6.4eE-10»< > 9.94E-10** 7.89E-10** 7.33E-10** 6.87E-10" 6.72E-10" 6.59E-10** 
4.0E+00 6.47E-10*' 9.94E-10** 7.89E-10** 7.33E-10** 6.87E-10" 6.72E-10** 6.59E-10** 
7.0E+00 6.4«E-10*< ' 9.94E-10" 7.90E-10** 7.33E-10** 6.87E-10** 6.72E-10** 6.59E-10** 
1.0E+01 6.4SE-10*1 ' 9.94E-10" 7.90E-10** 7.33E-10** 6.87E-10" 6.72E-10** 6.59E-10** 
2.0E+01 6.43E-10»< > 9.94E-10" 7.91E-10** 7.33E-10** 6.87E-10** 6.72E-10" 6.59E-10** 
4.0E+01 6.40B-10*1 ' 9.95E-10" 7.93E-10** 7.33E-10** 6.88E-10" 6.72E-10** 6.59E-10** 
7.0E+01 6.37E-10*' • 9.95E-10** 7.95E-10" 7.33E-10** 6.88E-10** 6.72E-10** 6.59E-10** 
1.0E+02 6.34E-10*' ' 9.95E-10" 7.96E-10** 7.53E-10** 6.89E-10*« 6.72E-10** 6.59E-10** 
2.0E+02 6.28E-10*' • 9.95E-10** 7.99E-10" 7.33E-10** 6.89E-10" 6.72E-10** 6.59E-10" 
4.0E+02 6.19E-10*' - 9.96E-10** 8.0SE-10" 7.33E-10** 6.9IE-10** 6.72E-10" 6.59E-I0" 
7.0E+02 6.09E-10* ' 9.87E-10** 8.10E-10** 7.33E-10" 6.92E-10*« 6.72E-10** 6.59E-10** 
1.0E+03 6.02E-10*1 » 9.70E-10" 8.15E-10" 7.34E-10" 6.93E-10" 6.72E-10" 4.59E-10" 
2.0E+03 5.84E-10* » 9.04E-1C** 8.24E-10** 7.39E-10" 6.96E-10** 6.74E-10** 6.59E-10" 
4.0E+03 5.62E-10* » 8.10E-10" 8.13E-10" 7.49E-10" 7.02E-10** 6.76E-10" 6.60B-10" 
7.0E+03 5.43E-10* » 7.33E-10** 7.78E-10** 7.49E-10** 7.09E-10** 6.81E-10** S.61E-10** 
1.0E+04 5.31E-10* » 6.89E-10** 7.46E-10** 7.39E-10" 7.11E-10" 6.84E-10" 6.63B-10** 
2.0E+04 5.11E-10* ' 6.17E-10** 6.75E-10" 6.96E-10" 6.92E-10" 6-77E-10** 6.55E-10** 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Note: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
E^n - 1.0E+00 eV, Ê ,,, » 2.0E+04 eV 

Li 
Energy 
(ev/aau) A0 

Chebyshev Pitting Parameters for Rate Coefficients 

Al A2 A3 A4 A5 A6 

300000. -4. 
350000. -4. 
400000. -4. 
450000. -4. 
500000. -4. 
550000. -4, 
600000. - 4 , 

24630E+01 
K874E+01 
19480E+01 
207186+01 
21803E+C1 
22144E*0i 
22797E+01 

-1.12797E-01 
-2.00135E-01 
-3.48038E-02 
-4.96888E-03 

1.24481E-02 
5.60707E-03 

-3.01170E-04 

-4.73823E-02 
•1.31«34E-01 
-4.56039E-02 
•8.42094E-03 
3.32025E-03 
3.46072E-03 

•3.84«69E-04 

-9.52319E-03 
-5.41437E-02 
-3.81117E-02 
-1.19219E-02 
-3.09575E-03 
4.86332E-04 

-9.55080E-04 

2.18237E-03 
-1 .93565E-03 
-2 .13775E-02 
-1 .19411E-02 
-5 .02533B-03 
-1.43623E-03 
-1.27882E-03 

2.88098E-03 
1.56830E-02 

•6.73960E-03 
-8.70975E-03 
•4.35643E-03 
-1.96514E-03 
•1.24680E-03 

1.39108E-03 
1.05923e-02 
1.93438E-03 

-4.48543E-03 
-3.20289E-03 
-1.82432E-03 
-1.1614SE-03 

See appendix for Chebyshev f i t deta i l s . 



A-19 

Li + H - > H" + Li 

Beam — Maxwellian 

10.0 

Li Energy 

(eV/omu) 

A - 300000. 

x = 3 5 0 0 0 0 . 

v — 400000. 

* = 4 5 0 0 0 0 . 

= 500000. 

= 550000. 

Q = 6 0 0 0 0 0 . 

Recommended 
Doto 

Chebyshev Fit 

10 10' 102 103 

H Temp. <W; 
10 10 
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Electron Capture Cross Sections fcr 
H • H" -> H" + H 

Energy Velocity Cross Section 
(eV/aau) <ca/s) (ca2> 

2.0E+00 1.96E+06 1.33E-14 
4.0B+00 2.78E+06 J.24E-14 
7.0E+00 3.68E+06 1.15E-14 
1.0B+01 4.39E+06 1.07E-14 
2.0E+01 6.2.lE*06 8.97E-15 
4.0E+01 8.79E+06 7.24E-15 
7.0E+01 1.16E+07 5.99E-15 
9.9E+01 1.38E+07 5.27E-15 
2.0E+02 l.»«E*07 4.20E-1S 
4.0E+02 2.78E+07 3.19E-15 
7.0E+O2 3.68E+07 2.43E-15 
1.0B+03 4.39E+07 1.90E-15 
2.0E+03 6.71E+07 9.49E-16 
4.0E+03 8.79E+07 3.29E-16 
7.1E+03 1.17E+08 1.03E-16 

References: 162, 271, 272, 281 

Accuracy: 30% 

Bote; For energies less than 40 eV the data were taken frost the theoretical papers of Kef. 271 
and 272. 

For a Cbebysbev fit of the above cross sections it is necessary to use the following parameters. 
E , i n » 2.0E+00 eV/aau, E,,, • 7.1E*03 eV/aau 

Chebvshev Fitting Parameters for i.oss Sections 

A0 Al A2 A3 A4 AS A6 A7 AS 
-67.0414 -2.13773-.748888 -.288550 -.136764 -.0116298 .0247820 .00770226 2.2S210E-04 

The fit represents the above cross sections with an ras deviation of 0.3%. 
The aaxiaua deviation is 0.7% at 4.0E+J2 eV/aau. 
See appendix for Chebyshev fit details. 
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H + H"->H"+ H 

Cross Section vs. Energy 
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elactra* Captare Craaa Sectioaa for 
• * • • - > • • » • * 

Bactnr Talecity Croaa Section 
I O / m l Co/a| l a 2 ) 

1.2S-01 4 . 7 * M 5 4 . H I - U 
2.0B-01 f .2M*«S * .7tE- lS 
«.n-«i 0.7*C+«S 4.4SE-1S 
7.BC-41 l . l t t + 0 4 4.24X-1S 
l . H e M 3 . 3 9 M C 4.10E-IS 
2.dt*«« > . 9 « « K 3.03E-1S 
4.«C*M 2.7SC4M 3.MS-1S 
7 .0IXO 3.MK«M 3.33E-1S 
1.0K+01 « .3K*«* J.17E-1S 
2.0C401 « .UK*M 2.93E-15 
4 . 0 O 0 1 » . 7 » * M 2.70E-1S 
T . M t t l i . i » « n 2.S4E-1S 
l . K + 0 2 1.3»E*07 2.44E-1S 
2.BB*«2 l . * K « « 7 2.22B-1S 
«.W«d2 2.7tC««7 2.C3E-1S 
7.0E*02 3 . H M 7 1.MC-1S 
1,deeds «.3»B*07 1.71E-1S 
2.0E*t3 C.2U««7 1.44E-1S 
4.0B*«3 •.7*E*97 1.20C-1S 
7.0C*03 l.KE*OB 9.42E-M 
1.0EHM 1.3SE*** 7 . 7 K - H 
2 . 0 O 0 4 l .ME«4l 4.4SE-M 
4.0K*«4 2 . 7 t t * M I.C7E-M 
7.0C«d4 3.4M+4* 3.77E-17 
i .n*«s 4.3*C*«I l . O l t - 1 7 
2.«e*«s ( , 2 1 t * « l C.99E-1* 
4.oe«*s • ,70t>«0 1 .7«E-t t 
*.3B>fS i.m*n 1.3SE-21 

f f i r f t t t l f 1» 2 ' J ' «» ' ' * • »» • ' »» *•» 273, 39S 

« g " " T E • * tn*r«yi < 10 aV/aaa, I M i U eV/aan - l a i d 3 ev/ean, 15%; 1»10J eV/aau - l a i d 5 

av/aan, S%i 1x10 s aV/aam - t ^ S i l d 5 a V / a n , 20* 

go&Idi (1) Tbia reaction ha* been neaenrad by three dif ferent tecbniqaeci 1 . Stat ic 6 M 
Taraet, 2. Crore l a a — , 3 . Marred l i i i . 
(2) Tba aasUan deviation of tba taco—aadad data fcoa tka data polnta la tba reference* 
cltad la laaa than 4S». 
(31 We—an la ..-'ereoce 9 foand that wboa D aton* vuw tba target tba croaa aactien 
dacraaaad I ( t from :bat a*log • a tom at an **ero? of .12 aV. At blob anecaie* tba 
cioa* aactiona vera tba tone. 
(4) Tba recent ra f . 27) eiteno* tba •oaaoreaant* ap to an eneroy or 7.*»10* eV/eao. 
Tba croaa aactiona aro (a) 2 . 0 a l 0 c tV/tan - S.25»10~ 2 4 c«, 2i <b) J . l i J» * aV/aaa -
2.J4alO" 2 s c»2> (cj S.OslO* eV/ano - 3 . l a i d " 2 * ce 2 ! (dl 7.SilO* aV/aM - 4 . 1 0 » 1 0 - 2 7 e n 2 . 
Quoted a ires* ara aa oteat aa 43* . 

for « Cbabyabav f i t of tba above craa* aactiona I t la naceaeary to aaa tba followlno, perenetere. 
* . l # 1 • 1.2E-01 eV/aao, tmaM • ( . I f+oS eV/aau 

ChrtTihtr fuuiw ntmMit tot um ituMt 

M Al A2 A3 A4 M A* A7 A0 
-73 .4«5» - 5 . 4 * 1 4 3 - 3 . 4 2 * 4 1 - 1 . M J 7 7 - . 0 7 1 0 0 * - . 1 * 0 * 3 2 .0137431 .1312S2 .1)127182 

T b t f i t rep teaent * tha above croaa a t c t i o n e w i t h an rata d e v i a t i o n of 4 . S t . 
Tb* u i l K n deviation la 13.St at 1.0I«OS aV/aau. 
fee tppeadin for Chebyehev f i t d e t a i l * . 
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H+ + H - > H + H+ 

Cross Section vs. Energy 

• % - » * 10 b i i m n i niim i imm i miwi—rrnraj—rrmni—i mm 
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•Doto 

Cheby$hev Fit 
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A-24 

Electron Capture Rate Coefficients for 
H* • B -> U • H* 

Haxvellian - Haxvellian Rate Coefficients (cstVs) 
B* 

T o p . Equal B Teap. (eV) 
(eV) Teap. 1 . 10 . 100 . 1000. 5000. 10000. 20000. 

1.0F+00 8.10E-09 8.10E-09 1.56E-08 3.C3E-08 7.6SE-08 9.74E-08 8.95E-08 6.34E-08 
2.06+00 1.06E-08 9.S0E-Q9 l . t lE-Oft 3.C4B-08 7.6SE-08 9.74E-08 8.9SE-08 6.84B-08 
4.06+00 1.38E-08 1.16E-08 1.71E-08 3.67E-08 7.66E-08 9.74E-08 8.95E-08 6.84E-08 
7.0E+00 1.71E-08 1.38E-08 1.85E-08 3.71E-08 7.66E-08 9.74E-0B 8.95E-08 6.84E-08 
1.06+01 1.96E-08 1.56E-08 1.96E-08 3.7SE-08 7.67E-08 9.74E-08 8.95E-08 6.84E-06 
2.0E+01 2.S6E-0B 2.00E-08 2.30E-08 3.87E-08 7.69E-08 9.74E-08 8.95E-08 6.84E-08 
4.0E+01 3.33E-08 2.59E-08 2.79E-08 4.10E-08 7.73E-08 9.74E-08 6.94E-08 6.84E-08 
7.0E+01 4.10E-08 3.18E-08 3.33E-08 4.40E-Q8 7.78E-08 9.74E-08 8.94E-08 6.83E-08 
1.06+02 4.66E-08 3.63F-08 3.75E-08 4.66E-08 7.84E-08 9.74E-08 8.93E-08 6.83E-08 
2.0E+O2 5.88E-08 4.67E-08 4.74E-08 S.36E-08 8.00E-08 9.73E-08 8.91B-08 6 .81B-0* 
4.0E+02 7.21E-08 5.89E-08 5.93E-08 6.30E-08 8.30E-08 9.72E-08 8.87E-08 6.77E-08 
7.0B+02 8.30E-0I 6.9SE-08 6.98E-08 7.21E-08 8.65E-08 9.70S-08 8.80E-O8 6.72E-08 
1.0E+03 8.92E-08 7.65E-08 7.67E-08 7.84E-08 8.92E-08 9.67E-08 8.73E-08 6.66B-08 
2.0B+03 9.70E-08 8.92E-08 8.93E-08 9.00E-08 9.48E-08 9.54E-08 8.51E-08 6.49E-08 
4.0E+03 9.36E-08 9.70E-08 9.70E-08 9.71E-08 9.74E-08 9.17E-08 8.06E-08 6.16E-08 
7.0E+03 8.06E-08 9.54E-08 9.54E-08 9 .526-08 9.36E-08 8.51E-08 7.43B-08 5.70E-08 
1.0E+04 6.84E-08 8.9SE-08 8.9SE-08 B.93B-08 8.73E-08 7.84E-08 6.84E-08 5.30E-08 
2.0E+04 4,236-08 6.84E-08 6.84E-08 6.83E-08 6.66E-08 6.00E-08 5.30E-08 4 .236-0* 

Notes: For Chebyshev f i t e of the ! above ra te c o e f f i c i e n t s i t i s necessary t o use the fo l lowing paraaeti 

* - i n " 1.0E+00 eV, E-a , » 2 . OE+04 eV 

B 
Tecp. 
(eV) A0 

Chebyshev P i t t i n g Parameters for Rate C o e f f i c i e n t s 

Al A2 A3 A4 A5 A6 

1 . 
10. 

100. 
1000. 
5000. 

10000. 
20000. 

Equal Teap. 

-3.44B69E+01 
-3.41227E+01 
-3.34478E+01 
-3.26740E+01 
-3.24495E+01 
-3.26521E+01 
-3.31787E+01 
-3.44313E+01 

1.27901E+00 
9.80499E-01 
5.02257B-01 
4.69533P.-02 

-1.48073E-01 
•1.74458E-01 
-1.635386-01 
1.067116*00 

•2.755156-01 
-1.177026-01 
-2.99001E-03 
-4.61309E-02 
-1.15160E-01 
-1.25225E-01 
-1.150896-01 
-5.19907E-01 

-1 .945186-01 
-2 .363306-01 
-1.75672E-01 
-8 .813676-02 
-7.59145E-02 
-7.363D5E-02 
-6 .540046-02 
-2 .292476-01 

-4 .149136-02 
-4 .904896-92 
-9 .201266-02 
-6 .798036-02 
-4 .138916-02 
-3 .551496-02 
-3 .010536-02 
-6 ,988966-02 

-1.79417E-02 
-5.739816-03 
-1.06753B-02 
-2.93736E-02 
-1 .791436-02 
-1 .382616-02 
-1 .107696-02 
-1 .365786-02 

-4 .179856-03 
-8 .768486-03 

3.218046-03 
-4 .422106-03 
-5 .556646-03 
-4 .103886-03 
-3 .107526-03 

4.425806-04 

See appendix for Chebyshev fit details. 
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A-2b 

Electron Capture Rate Coefficients for 
H + H + -> H • H* 

Bean - Maxwellian Rate Coefficients (CB 3/S) 

Tenp. B Energy (eV/aau) 
<eV) 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 1.08E-07 8.72E-Q8 4.62E-08 1.38E-08 4.43E-09 3.78E-10 4.79E-12** 
2.0E+00 J.07E-07 8.71E-08 4.62E-08 . 1.38E-08 4.43E-09 3.78E-10 4 . 7 9 E - 1 2 " 
4.0E+00 1.07E-07 8.70E-08 4.61E-08 1.38E-08 4.43E-09 3.77E-10 4 . 7 9 E - 1 2 " 
7.0E*00 1.07E-07 8.69E-08 4.60E-08 1.38E-08 4.43E-09 3.77E-10 4.79E-12** 
1.0E+01 1.07E-07 8.68E-08 4.59E-08 1.38E-08 4.43E-09 3.77E-10 4.79E-12** 
2.0E+01 1.07E-07 8.65E-0B 4.S7E-08 1.37E-08 4.43E-09 3.77E-10 4.79E-12** 
4.0E+Q1 1.07E-07 8.61E-08 4.55E-08 1.37E-08 4.44E-09 3.76E-10 4.80E-12** 
7.0E+01 1.06E-07 8.57E-08 4.S2E-08 1.37E-08 4.44E-09 3.76E-10 4 . 8 0 E - 1 2 " 
1.0E+02 1.06E-07 8.53E-08 4.50E-08 1.37E-08 4.45E-09 3.76E-10 4.81E-12** 
2.0E+02 1.05E-07 8.45E-08 4.4SE-08 1.37E-08 4.48E-09 3.77E-10 4.83E-12** 
4.0E+02 1.04E-07 8.34E-08 4.39E-08 1.37E-08 4.SSE-09 3.79E-10 4.88E-12** 
7.0E+02 1.03E-07 8.21E-08 4.34E-08 1.38E-03 4.67E-09 3.84B-10 4 . 9 6 E - 1 2 " 
1.0E+03 1.01E-0? 8.10E-08 4.31E-08 1.40E-08 4.79E-09 3.89E-10 5.03E-12** 
I.OE+03 9.70E-08 7.79E-08 4.23E-08 1.46E-08 5.17E-09 4.11E-10 5.29E-12** 
4.0E+C3 9.00E-08 7.24E-08 4.11E-08 1.56E-08 5.91E-09 4.64E-10 5.82E-12* 
7.0E+02 8.16E-08 6.57E-08 3.92E-08 1.66E-08 6.90E-09 5.69E-10 6.71E-12* 
1.0E+04 7.46E-08 6.03E-08 3.74E-08 1.72E-08 7.74E-09 7.01E-10 7.80E-12* 
2.0E+04 5.70E-08 4.72E-08 3.20E-08 1.75E-08 9.46E-09 1.28E-09 1.36E-11* 

Accuracy: * - Po&sible Error Creator Than 10* 
»« _ possible Error Greater Than 1004 

Kotce: For Chebyshev fits of the above rate coefficients it is necessary to use the following par arret e 
» 1.0E+00 ev. 2.0E+04 eV 

R 
Energy 
(tV/amu) AO 

Chebyshev Pitting Parameters for Rate Coetficients 

Al A2 A3 A4 A5 A6 

100C0. 
20000. 
40C00. 
70000. 
100000. 
200000, 
60000(1. 

-3.23588E+01 
-3.27e29E+Cl 
-3.39547E+01 
-3.60736E+01 
-3.81082E+01 
-4.29608E+01 
-5.17564E+01 

•2.28428E-C1 -1.47539E-01 -7.73418E-C2 -3.29002E-02 -1.09141E-02 -2.93158E-03 
-2.26775E-01 -1 .38750E-01 -7.04432fcO2 -3.03096E-02 -1.00013E-02 -1.47228E-03 
-1.365S0E-01 -7.15786E-02 -3.65682E-02 -2.10115E-02 -1.11355E-02 -4.14062E-03 
1.09084E-01 7.35296F-02 2.31264E-02 -7 .74992E-03 -1.38165E-02 -8.49906E-03 
3.09107E-01 1.95996E-D1 8.14408E-02 1.35787E-02 -9.21346E-03 -1.02081E-02 
3.96726E-01 2.99OOOE-01 1.81207E-01 8.74182E-02 3.26701E-02 7.33350E-03 
3.37283E-C1 2.43298E-01 1.48098E-01 7.72749E-02 3.54105E-02 J.56884E-C2 

See appendix for Chebychev f i t de ta i l s . 



A-27 

H + H+ - > H + H* 

Beam — Maxwellian 

H Energy 

(eV/amu) 

A = 10000. 

x = 2 0 0 0 0 . 

v = 4 0 0 0 0 . 

* = 7 0 0 0 0 . 

. ® = 100000. 

O = 2 0 0 0 0 0 . 

D = 5 0 0 0 0 0 . 

Recommended 
•Doto 

Chebyshev Fit 

10 10' itf Kf 
H+ Temp. (eV) 

10 10 



A-28 

Electron Capture Cross Sections for 
8* + H 2 -> B 

Energy Velocity Cross Section 
reV/aau) (cm/*) (ca2) 

2.6E+0O 2.24E+0C 1.81E-17 
4.0B+00 2.78E*0S 4 .96E-17 
4.7E+00 1.01E+06 S.S8E-17 
7.0E+00 3v6SE+CC 2.76E-17 
1.0E+01 4.39E+06 1.30E-17 
1.4E+01 5.20E+0C 1.01E-17 
2.0E+01 6.21E+0C 1.11B-17 
4.0E+01 8.7SE+06 1.68E-17 
7.0E+01 1.1CE+07 2 .61E-17 
1.0E+02 1.39E+07 3.CSE-17 
2.0E+02 1.96E+07 6 .96E-17 
4.0E+02 2.78E+07 1.56E-1C 
7.0B+02 3.C8E+07 I . 93E-16 
1.06*03 4.39E+07 4.26E-1C 
2.0B+03 6.21E+07 6.8SE-16 
4.0E+03 8.79E+07 9.33E-1C 
7 . OEM) 3 1.16E+C8 9 .57E-16 
1.0E+04 1.39E+08 8 . 6 6 E - K 
2.0E+04 1.96E+08 5.79E-16 
4.0E+04 2.78E+0S 2 .50E-16 
7.0E+04 3.68B+0B 7.78E-17 
1.0E+05 4.39B+08 2 .91E-17 
2.OE+05 6.21E+08 1.74E-18 
4.0E+05 B.78E+08 6 .09E-20 
7.0E+05 1.16E+09 3.C4E-21 
1.0E+06 1.39E+09 4 .14E-22 
2.0E+06 1.96E+0/ 1.68E-23 
4.OE+0C 2.77Et09 1 .03E-24 

Referenceai 7, 27, 35, 3t, 37, 38, 39, 40, 41, 42, 43, 44, 45, 47, 48, 62, 273, 395 

Accuracyi E < 100 eV/aau - Unknown; E > 100 eV/apu - 108 

•toLUi (1) The peak in the crosa section at 4 ev coaee froa the data of reference 41. The 
origin of this aexiBim is unknown. 
(2) Recer.t data of reference 273 extend the energy range to 7.5x10s eV/aau. The cross 
sections reported arei (a) 2.0x10* eV/tau - 7.00xl0~ 2 4 ca 3; (b) 3.5x10* eV/aau -
4.8Sxl0* 2 5 ca 2; (c) 5.0»10* eV/aau - 8.47 xlO"2* ca2i(d) 7.5x10* eV/eau - .JOxlO" 2 7 

ca 2. Errors of 10-15% are reported. 

For a Chebyshev fit of the above crosa eectiona it is necessary to use the following paraaeters. 
B B i n • 2.6E+00 eV/aau, t m a t - 4.0E+06 aV/aau 

Chebvshev fitting Paraaeters for Crosa Section* 

AO Al A2 A3 A4 A5 A< A7 A8 
-82.5164 -6.70755 -«.10977 -2.62810 .709759 .6)9033 .102980 .261240 -.263617 

The fit represents the above cross sections with an rns deviation of 15.5». 
The naxlaua deviation is 41.31 at I.0E+01 eV/aau. 
See appendix for Chebyshev fit details. 
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T r A c c Section vs. Energy 
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10° 10' 102 }(J 10* 105 106 107 

Energy (eV/amu) 



A-30 

Double Electron Capture Cross Sections for 
B* + Hj -> H" + 2B* 

Energy Velocity Cross Section 
(eV/aau) (ca/e) (ca2) 

2.0E+02 1.96E+07 1.17E-20 
4.0E+02 2.78E+07 2.22E-20 
7.0E+02 3.68E+07 4.82E-20 
1.0E+03 4.39E+07 8.94E-20 
2.0E+03 6.21E+07 2.80E-19 
4.0E+03 8.79E+07 8.64E-19 
7.0E+03 I .HE+08 2.09E-18 
1.0E+04 1-39E+08 3.63E-18 
2.0E+04 1.96E+08 8.89E-18 
4.0E+04 2.78E+08 2.21E-18 
7.0E+04 3.68E+08 2.42E-19 
1.0E+05 4.39E+08 3.15E-20 
2.0E+05 6.21E+08 1.84E-22 
4.0E+05 8.78E+08 7.22B-25 
7.0E+05 1.1CE+09 6.64E-27 
1.0E+06 1.39E+09 2.70E-28 

References: 35, 44, SO, 51, 52, 53, 54 

Accuracy; E < lxlO4 eV/aau - 25%; lxlO4 eV/amu < E < 1x10s eV/aau - 15%; E > 1x10s eV/aau - 40% 

For a Chebysbev fit of the above ctoss sections it is necessary to use the following parameters. 
Ejjj,, « 2.0E+02 eV/aau, Eg,, * 1.0E+06 eV/aau 

Chebvshev Fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 A5 A6 A7 A8 
-95.8165 -7.17049 -7.48288 -1.93034 .761153 .556689 -.0542859 -.270184 -.0147551 

The fit represents the above cross sections with an ras deviation of 9.4%. 
The aaxinum deviation is 15.0% at 1.0E+04 eV/aau. 
See appendix for Chebyshev fit details. 



A-31 

H + + H 2 - > H~ + 2H* 

Cross Section vs. Energy 

^-17 

Recommended 
Data 

Chebyshev Fit 

10? 104 ](f 
Energy (eV/amu) 



A-3^ 

Electron Capture Cross Sections for 
H* • Be -> B + He* 

Energy Velocity Cross Section 
(ev/aaoi) (cm/s) (c« 2 ) 

9.9E+01 1.38E+07 4.28E-22 
2.0E+02 1.96E+07 2.46E-21 
4.0E*02 2.78E+07 1.77E-20 
7.0E+02 3.68E+07 1.12E-19 
1.0E+03 4.39E+07 4.73E-19 
2.0E+03 6.21E+07 4.25E-18 
4.0E+03 8.79E+07 1.98E-17 
7.0E+03 1.16E+0B 5.18E-17 
1.0E+04 1.39E+0B 8.52E-17 
2.0E+04 1.96E+08 1.75E-16 
2.4E+04 2.15E+08 1.83E-16 
4.0E+04 2.78E+08 1.41E-16 
7.0E+04 3.68E+08 6.98E-17 
1.0E+05 4.39E+08 3.38E-17 
2.0E+0S 6.21E+08 3.9SE-18 
4.0E+05 8.78E+08 3.22E-19 
7.0E+05 1.16E+09 3.07E-20 
1.0E+06 1.39E+09 5.42E-21 
2.0E+06 1.96E+09 1.42E-22 
4.0E+06 2.77E+09 3.29E-24 
7.0E+06 3.65E+09 1.62E-25 
1.0E+07 4.36E+09 2.09E-26 
1.1E+07 4.S7E+09 1.02E-26 

Beferences; 27, 35, 37, 40, 47, 49, 51, 82, 83, 84, 85, 86, 87, 88, 89, 272 

Accuracy; E < SxlO3 eV/axu - 40%; E > 5xl0 3 eV/anu - 201 

For a Chebyshev f i t of the above cross sections i t i s necessary to t s e the following paraaeters. 
E.jn - 9.9E+01 eV/aau, E,,,, « 1.1E+07 ev/aau 

Chtbvrhev Pitting Pira»«te;t for Cross Sections 

A0 Al A2 A3 A4 A5 A6 A7 A8 
-92 .7819 -4 .69073 -8 .99666 - .490484 .935276 -,050485'j - . 0 * : 0 7 5 0 - .0730136 .0189320 

The f i t represents the above c r o s s s e c t i o n s with an ruts d e v i a t i o n of 10.0%. 
The naxiwua d e v i a t i o n i s 18.7* a t 7.0E+02 ev/anu. 
See appendix for Chebyahev f i t de ta i l s . 
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H + + He - > H + He+ 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 

10' 102 103 104 105 106 107 ICf 
Energy (eV/amu) 



Electron Capture Sate C o e f f i c i e n t s for 
H* + He -> H • He* 

Haxvel l ian - Maxvell ian Rate C o e f f i c i e n t s ( c « 3 / s ) 

H* 
Temp. 
(eV) 

Equal 
Teap. 50. 100 . 500. 

He Teap. (eV) 
1000. 5000. 10000. 20000. 

7.0E+01 
1.0E+02 
2.0E+02 
4.0E+02 
7.0E+02 
1.0E*03 
2.0E+03 
4.0E+O3 
7.0E+C3 
1.0E+04 
2.0E+04 

7.21E-14 
2.79E-13 
4.14E-12 
4.51E-11 
2.27E-10 
5.60E-10 
2.54E-09 
8.33E-09 
1.62E-08 
2.12E-08 
2.60E-08 

S.81E-14 
1.85E-13 
2.23E-12 
2.43E-11 
1.29E-10 
3.32E-10 
1.64E-09 
5.94E-09 
1.29E-08 
1.82E-08 
2.S5E-08 

9.77E-14 
2.79E-13 
2.78E-12 
2.68E-11 
1.36E-10 
3.42E-10 
1.6SE-09 
5.97E-09 
1.29E-08 
1.82E-08 
2.55E-08 

1.60E-12 
2.78E-12 
1.08E-11 
5.24E-11 
1.94E-10 
4.33E-10 
1.83E-09 
6.21E-09 
1.31E-08 
1.83E-08 
2.SSE-08 

1.02E-11 
1.39E-11 
3.22E-11 
9 . 9 2 E - U 
2.82E-10 
S.60E-10 
2.06E-09 
6.S2E-09 
1.34E-08 
1.85E-08 
2.55E-08 

6.3EE-10 
6.73E-10 
7.95E-10 
1.07E-09 
1.S3E-09 
2.0CE-09 
4 .155-09 
6.93E-09 
1.53E-08 
1.98E-08 
2.57E-08 

2.68E-09 
2.74E-09 
2.95E-09 
3.37E-09 
4.03E-09 
4.73E-09 
7.12E-09 
1.18E-08 
1.74E-08 
2.12E-08 
2.S9E-08 

8.50E-09 
8.S7E-09 
8.81E-09 
9.28B-09 
S.99E-09 
1.07E-08 
1.29E-08 
1.66E-08 
2.07B-08 
2.33E-08 
2.C0E-08 

Motes: For Chebysbev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o use the fo l lowing parace ter s . 
E ^ , , - 7.0E+01 eV. £ „ , • 2.0E+04 eV 

Chebvthev P i t t i n g Paraaeters for Rate C o e f f i c i e n t s 
Be 

Teap. 
CeV) AO Al A2 A3 A4 AS A< 

5 0 . -4.54767E+01 6.67186E-O0 -1.30388E+00 -1.33476E-C1 4.39632E-02 -4.52889E-02 1.8S831E-02 
100. -4.51974E+01 6.44612E+00 -1.18362E+00 -1.72127E-01 4.C6619E-02 -4.04263E-02 1.SS388E-02 
500. -4.35812E+01 5.17359E+00 -5.65656E-01 -3.28985E-01 3.2S661E-02 -7.75934E-03 1.09010E-03 

1000. -4.23753E+01 4.27018E+00 -2 .07470E-01 -3.69408E-01 -9 .50854E-04 1.17863E-02 -8.41076E-04 
5000. -3.90038E+01 2.05191E+00 2.49124E-01 -2.12101E-01 -8 .19217E-02 7.92950E-03 1.06018E-02 

10000. -3.75454E+01 1.24999E+00 2.32893E-01 -1.10685E-01 -6 .99375E-02 -5.62572E-03 6.74424E-03 
20000. -3.62570E+01 6.12C70E-01 1.4S612E-01 -4.25717E-02 -4.13S62E-02 -1.03381E-02 9.23441E-04 

Equal Teap. -4.47894E+01 6.48647E+00 -1.5O363E+00 -5.56465E-02 1.00897E-02 -3.20031E-02 2.61002E-02 

See appendix for Chebyshev f i t d e t a i l s . 



A-35 

H* + He - > H + He* 

Maxwellian — Maxwetlian 
, - 7 

K) E—i—i i mi l l 1—» n iiii| 1—i i i m i | 1—i i 11m 
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Electron Capture Rate Coefficients for 
Bt * B* -> B * He* 

Beaa - Hexve l l ian Kate C o e f f i c i e n t s (cm J / s ) 

B + 

(ev) 10000. 20000. 
9e Energy (eV/aau) 

40000. 70000. 100000. 200000. 500000. 

1.0E+00 
2.JE+00 
4.0E+Q0 
7.0E+OO 
I.0E+01 
2.0E+01 
4.0E+01 
7.0E+01 
1.0E+02 
2.0E+02 
4.0E+02 
7.0E+02 
1.0E+03 
2.0E+C3 
4.0E+O3 
7.0E+03 
1.0E-HM 
2.0E+04 

1.18E-08 
1.18E-08 
1.18E-08 
18E-0S 
18B-0S 
18E-08 
19E-08 

1.19E-08 
1.20E-O8 
1.24E-08 
1.31C-48 
1 . 4 U - 0 8 
1.51E-08 
1.77E-08 
2.11E-08 
2.34E-08 
2.54E-08 
2.64E-08 

3.43E-08 
3.42E-08 
3.42E-08 
3.41E-08 
3.41E-08 
3 .40E-08 
3 .38B-08 
3.37E-08 
3 .36E-48 
3 .33E-08 
3.29E-C8 
3.25E-08 
3.21E-08 
3 .14E-08 
3.05E-O8 
2.9SE-08 
2.87E-08 
2.61E-08 

3.91E-08 
3.91E-08 
3.9OE-08 
3.90E-08 
3.89E-08 
3.88E-08 
3.87E-08 
3 . f5E-08 
3.84E-0* 
3.80E-08 
3.7CE-08 
3.70E-08 
3.66E-0B 
3.53E-08 
3.30E-08 
3.03E-08 
2.82E-08 
2.37B-08 

2.56E-08 
2.56S-08 
2.56E-08 
2.55B-08 
2.S5E-OS 
2.S5E-08 
2.54E-08 
2.S3E-08 
2.53E-08 
2.51B-08 
2.49E-08 
2.47E-08 
2.46E-08 
2.42E-08 
2.34B-08 
2.23B-08 
2.12E-08 
1.83B-08 

1.48E-08 
1.48E-08 
1.48E-08 
1.48E-08 
1.48E-08 
1.47E-08 
1.47E-08 
1.4CE-08 
1.4CE-08 
1.45E-08 

-4SE-08 
.44E-08 
.44E-08 
.44E-08 

1.44E-08 
1.43E-08 
1.41E-08 
1.32E-08 

2.45E-09 
2.4SE-09 

.45E-09 

.4SE-09 

.45E-09 

.45E-09 

.45E-09 
2.4SE-09 
2.45E-09 
2.45E-09 
2.45E-09 
2.47E-09 
2.48E-09 
2.55E-09 
2.7CB-09 
2.94E-09 
3.18E-09 
3.B4B-09 

1.24E-10 
1.24E-10 
1.24E-10 
1.24E-10 
1.74E-10 
1.24E-1Q 
1.24E-10 
1.24E-10 
1.24E-10 
1.24E-10 
1.25E-10 
1.26E-10 
1.27E-10 
1.30E-10 
1-36E-10 
1.45E-10 
1.55E-10 
1.94E-10 

Bote s : For Cnebysnev f i t s of the above ra te c o e f f i c i e n t s i t i s necessary t o use the fo l lowing paraaeters 
E „ i n - 1.0E+00 eV, Kn^% - 2.0E+04 eV 

Chebyshev P i t t i n g Parameters for Bate C o e f f i c i e n t s 

•e 
Energy 

(eV/aau) A0 Al A2 A3 A4 A5 A6 

10000. -3.59874E+01 4.17430E-01 1.93060E-01 1.41316E-02 -4 .6246(8 -02 -3.20698E-02 -6.14466E-03 
20000. -3.45210E+01 -1.1O0S1E-O1 -S.31364E-02 -2.09508E-02 -8.28916E-03 -4.29131E-03 -2 .80760E-03 
40000. -3.43497E*01 -1 .93363E-01 -1.1S051E-01 -S.413S4E-02 -1.98052E-02 -4.14043E-03 1.32023E-O3 
70QC0. -3.510598*01 -1 .20106E-01 -7 .36757E-02 -4.02144E-02 -2 .035462-02 -8.65732E-03 -2 .24607E-03 

100000. -3.61082E+01 -3 .88036E-02 -1 .73976E-02 - l . l « 3 8 7 e - 0 2 -1.0593SE-02 -7.51826E-03 -3 .79933E-03 
20000C. -3.94S14E+01 1.55478E-01 1.14512E-01 6.41579B-02 2.61S02B-02 6.20889E-03 -1 .41106E-03 
500000. -4.54167E+01 1.49642E-01 1.06212E-01 6.21478E-02 3.03614E-02 1.26308E-02 4.94057E-03 

See appendix for Chebyshev f i t d e t a i l s . 
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He + H* - > H + He* 

Beam — Maxwellian 
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A-38 

Double Electron Capture Cross Sections for 
B* • He -> H~ • He 2* 

Energy Velocity Cross Section 
(eV/aau) (cs/s) <c»2) 

4.7E+02 3.01E+07 2.70E-22 
7.0E+02 3.C8E+07 5.75E-22 
1.0E+03 4.37E+07 1 .128-21 
2.0E+03 6.21E+07 4.20E-21 
4.0E+03 8.89E+07 1.78E-20 
7.0E+03 1.1CB+08 5.08E-20 
1.0E+04 1.38B+08 1.06E-19 
2.0F+04 1.94E+08 3.75E-19 
3.22+04 2.48E+08 7.0SE-19 
4.0B+04 2.78E+08 C.42E-19 
7.0E+04 3.65E+08 1.73E-19 
l.CB+05 4.37E+08 3.76E-20 
2.0E+05 6.21B+08 9.67B-22 
4.0E+05 8.78E+08 7.64E-24 
7.0E+05 1.15E+09 9.68B-26 
1.0E+06 1.38B+09 3.76E-27 

References; 35, 50, 52. S3, 54 

Accuracy; E < 1x10* eV/aau - factor 2 or Mire; E > 1x10* ev/asiu - 40% 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
E B i n - 4.7E+02 eV/a«u, E M , - 9.9E+0'- eV/aau 

Chebyshev Pitting Paraaeters for Cross Sections 

A0 Al A2 A3 A4 A5 AC A7 A8 
-98.3453 -4.13574 -«.43185 -1.70697 .435158 .417370 -.125015 -.191020 .0356727 

The fit represents the above cross sections with an tma deviation of 10.Ot. 
The uxiiri deviation is 20.71 at 2.0E*04 eV/aau. 
See appendix for Chebyshev fit details. 
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H + + He - > H " + He 2+ 

Cross Section vs. Energy 
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A-40 

Electron Capture Cross Sections foe 
H* • Li -> H • Li* 

Energy Velocity Cross Section 
(ev/aaui) (cw/s) (c»2) 

2.SE+02 2.20E+07 1.75E-16 
3.0E+02 2.41E+07 2.38E-16 
4.0E+02 2.78E+07 3.79E-16 
5.0E+02 2.11E+07 5.40E-16 
7.0E+02 3.68E+07 8.95E-16 
1.0E+03 4.39E+07 1.4GE-15 
2.0E+03 6 21E+07 3.28E-15 
3.0E+03 7.61E+07 4.26E-1S 
3.6E+03 8.33E+07 4.35E-15 
5.0E+03 9.82E+07 4.07E-15 
8.0E+03 1.24E+08 2.68E-15 
1.0E*04 1.39E+08 1.80E-15 
l .aE*04 1.70E+08 7.52E-16 
3.0E+04 2.41E+08 7.98E-17 
5.0E+04 j .HE+08 2.84E-17 
8.0E+O4 3.93E+08 1.77E-17 
1.5E+05 5.38E+08 8.73E-18 
2.0E+05 6.21E+08 5.21E-18 
3.0E+05 7.61E+08 1.88E-18 
4.0E+05 6.78E+08 7.17E-19 
5.0E+OS 9.82E+08 2.93E-19 
5.6E+0S 1.042+09 2.02E-19 

References; 230, 231, 232, 233, 234, 235, 236, 237, 238, 239 

Accuracy: 30* 

tk>tes: (1) Gruebler et al. (Ref. 23S) found up to a factor of 2 greater cross section when H* 
was the projectile compared to D + incident at equivalent, velocities. 
(2) For data on electron capture cross sections of Li + + H see references 247, 248, 252, 
253. 

Po. a Chebyshev fit of the above cross sections it is necessary to use the following parameters, 
e^n • 2.5E+02 eV/aau, t,,, • 5.6E+05 eV/a»u 

Chebvshev Pitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A« A7 A8 
-74.2905 -3.64125 -2.48131 .598612 .0178325 -.507845 -.166745 .177271 .132733 

The fit represents the above cross sections with an rss deviation of 6.4t. 
The maximum deviation is 17.7% at 3.0E+04 eV/amu. 
See appendix for Chebyshev fit details. 
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H+ + Li - > H + Li* 

Cross Section vs. Energy 
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A-42 

Electron Capture Rate Coefficients for 
Li • H* -> H + Li* 

Beta - Maavellian Kate Coefficients (caVs) 

Teap. Li Energy (eV/aau) 
(eV) 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 2.50E-07 S.82E-08 1.24E-08 7.44E-09 6.05E-09* 3.23E-09* 2.8SE-10** 
2.0E+00 2.49E-07 5.83E-08 1.24E-08 7.44E-09 6.05E-09* 3.23E-09* 2.88E-10** 
4.0E+00 2.49E-07 5.83E-08 1.24E-08 7.44E-09 6.05E-09* 3.23E-C9* 2 . 8 8 E - 1 C " 
7.0E-MK) 2.49E-07 5.84E-08 1.24E-08 7.44E-09 6.05E-09* 3.23E-09* 2 . 8 8 E - 1 0 " 
1.0E+01 2.49E-07 S.84E-0B 1.24E-U8 7.44E-09 6.05E-09* 3.23E-09* 2.88E-10** 
2.0E+01 2.48E-07 5.86E-08 1.24E-08 7.44E-09 8.05E-03* 3.22E-09* 2.89E-10** 
4.0E+01 2.48E-07 S.89E-08 1.24E-08 7.44E-09 6.05E-09 3.22E-09* 2.89E-10** 
7.0E+01 2.48E-07 S.9SE-08 1.24E-08 7.44E-09 6.05E-09 3.21E-09* 2.89E-10** 
1.0E+02 2.47E-07 6.00E-08 1.24E-08 7,44E-09 6.0SE-09 3.21E-09» 2.90E-10** 
2.0E+02 2.44E-07 6.17E-08 1.25E-08 7.44E-09 6.05E-09 3.20E-09* 2.91E-10** 
4.0E+02 2.39E-07 6.46E-08 1.27E-08 7.44E-09 6.0SE-09 3.19E-09* 2 . 9 3 E - 1 0 " 
7.0E+02 2.30E-07 6.81E-08 1.30E-08 7.44E-09 6.CSE-09 3.18E-09* 2.93E-10** 
1.0E+03 2.21E-07 7.10E-08 1.35E-08 7.45E-09 6.05E-09 3.17E-09* 2 . 9 1 E - 1 0 " 
2.0E+03 1.96E-07 7.73E-08 1.56E-08 7 .53E-09 6.04E-09 3.16E-09* ?.8«E~10*« 
4.0E+03 1.64E-07 8.02E-08 2.04E-08 7.94E-09 6.04E-09 3.14E-09* 2.85E-10»« 
7.0BH>3 1.34E-07 7.67E-08 2.S9E-08 9.12E-09 6.14E-09 3.11E-09 2.94E-10** 
1.0E+04 1.I4E-07 7.14E-08 2.90E-08 1.06E-08 6.44E-09 3.08E-09 3.08E-10** 
2.0E+04 7.S0E-08 5.52E-08 3.08E-08 1.44E-08 8.16E-09 3.06E-09 3.61E-10** 

Accuracy: * - Possible Error Greater Than 10% 
»» . possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters, 
E , ^ - 1.9E+00 eV, E,^, • 2.0E+04 eV 

Chebvshev Pitting Parameters for Rate Coefficients 
Li 

Energy 
(eV/aau) A0 Al A2 A3 A4 A5 A6 

10000. -3.09481E+01 -4.64901E-01 -2.95108E-01 -1.33838E-01 -3 .59323E-02 -1 .29218E-03 8.76916E-04 
20000. -3.31581E+01 9.29024E-02 -3.27874E-02 -9.34862E-02 -7 .42714E-02 -2.98862E-02 -6 .36610E-04 
40000. -3.59040E+01 4.30313E-01 2.62445E-01 8.2«693E-02 -2 .56118E-02 -5.35625E-02 -3 .78019E-02 
70000. -3.72045E+01 2.09S66E-01 1.66816E-01 1.08374E-01 5.50349E-02 1.810S1E-02 -2 .94289E-03 

100000. -3.77748E+01 7.11403E-02 6.19800E-02 5.19417E-02 3.83027E-02 2.39693E-02 1.32084E-02 
200000. -3.913516*01 -2.54412E-02 -9.95070E-03 -2.34861E-03 -2 .74660E-04 3.66029E-04 9.29558E-04 
SOOOOO. -4.38736E+01 5.64031E-02 4.45512E-02 3.82771E-02 3.08448E-02 I.91863E-02 S.93228E-03 

See appendix for Chebyshev fit details. 



Li + H + - > H + L i + 

Beam — Maxwellian 
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A-44 

Double Electron Capture Croas Sections for 
B* • B~ -> B~ • B* 

Energy Velocity Croaa Section 
(eV/aau) (c«/a) <c» 2) 

5.9E+01 1.07E+07 9.9BE-17 
4.4E+01 1.11E+07 1.02E-K 
C.9E+01 1.1SE+07 • .45E-17 
7.4E*0l 1.191*07 5.43E-17 
t.OE+01 1.24E+07 3.9CE-17 
a.ie*oi 1.25E+07 3.958-17 
1.4E+01 1.27E+07 4.«3E-17 
•.9E+01 1.31E+07 t . l l E - 1 7 
9.4E+01 1.35E+07 7.54E-17 
9.9E+01 1.3SE*07 • .72E-17 
1.0E+O2 1.391+07 1.12E-17 
i.ie««2 l .ME+07 «.»4E-17 
1.2E+02 1.52E*07 4.70B-17 
1.3E+02 l .ME+07 4.23E-17 
1.4E+02 1.C4E+07 4.S4E-17 
l.SE+02 1.70E+0? C.33E-17 
l.iC+02 1.7CE+07 7.20E-17 
1.7E+02 1.B1E+Q7 *.12B-17 
1.IE+02 l .ME+07 4.27E-17 
l . M + 0 2 1.91E+07 4.10E-17 
2.0E+42 1.96E+07 4.C2B-17 
2.5E+02 2.20E+07 I.33E-17 
3.0E+O2 2.41E+07 l .ORE-lt 
J.5E+02 2.C0E+07 1 .27E-H 
4.0E+O2 2.7M+07 1.44E-1C 
4.SE+02 2.95E+07 1 .50E-H 
4.7E+02 J.01E+07 1.51E-K 
5.0E+O2 3.11E+07 1 .508-1t 
C.OE+02 3.40E+07 1.40E-1* 
S.OE+02 3.93E+07 1.14E-H 
I.4E+02 4.03E+07 1.07E-M 
1.0E*03 4.39E«07 S.79S-17 
1.1E+03 4.C1E+07 7.4SE-17 

References i 69, 274, 275, 27* 

«""""• 10t 

Betllj (1) The oscillatory behaviour raaults fro* the formation of a o,ua*l-R2 aolacala, 
i.2) The croaa taction aa plottad la an average of that aeaaored by Paart (Raf. 274) and 
that of B-rouillard at al. (Raf. 275). 
(3) rloreed are the H* energies with the B" at reat. 
(4) The interaction energy ia given by t^nt-~- tot equal aasses. 

for a Chebyahev fit of the above croaa aectiona it it necessary to uaa the following paraaetera. 
t m i n « 5.9E+01 eV/eau, E,^, - 1.1E+03 ev/eau 

Chebvshev fitting ^uiaa.ctera for Cr'-:» .ln-Uwna 

AO Al A2 U /« A", A.; A7 A» 
-74.0098 .727179 .OVUlOi -.ItJllJ -.00*04588 .03M10S .ICir.S -.UJCII -.030J977 

Tl>e fit represents the tbova c.oic settlors w.tl. in ran <Jev>e> on of 7 i\. 
The maximum deviation la 46.41 at B.1R»01 eV/atu. 
Se* appendU for Chebyahev fit details. 
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H* + H" - > H " + H + 

Cross Section vs. Energy 
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A-46 

Mutual Neutralization Cross Sections for 
H* • H" -> H + H 

Energy Velocity Cross Section 
(eV/amu) (cm/s) (en2) 

2.0E-01 6.21E+05 1.69E-13 
4.0E-01 8.79E+05 9.09E-14 
7.0E-01 1.16E+06 5.74E-14 
1.0E+00 1.39E+06 4.27E-14 
2.0E+00 1.96E+06 2.40E-14 
4.0E+00 2.78E+06 1.40E-14 
7.0E+00 3.68E+06 9.21E-15 
1.0E+C1 4.39E+06 7.36E-15 
2.0E+01 6.21E+06 6.S3E-15 
4.0E+01 8.79E+06 7.11E-15 
7.0E+01 1.16E+07 8.20E-15 
1.0E+02 1.39E+07 8.80E-1S 
2.0E+02 1.96S+07 1.06E-14 
4.0E+02 2.78E+07 1.30E-14 
7.0E+02 3.68E+07 1.39E-14 
1.0E+03 4.39E+07 1.38E-14 
2.0E+03 6.21E+07 1.17E-14 
4.0E+03 8.79E+07 7.54E-15 
4.8E+03 9.62E+07 6.36E-15 

References: 63, 64, 65, 6*. 67, 68, 69, 280 

Accuracy: E > 20 eV/asui - 20%; E < 20 eV/a«u - factor 2 (see notes) 

Botes: (1) Measurements made in the 1970's showed structure in the cross section curve in the 
energy range of 40 - 700 eV/aau. More recent measurements (Ref. 67 and 68) show no 
evidence of structure and the cross sections are approximately a factor of 2 less than 
those reported in Refs. 63-66 for energies less than 400 eV. 
(2) Hosley (Ref. 63) found a sharp rise in the cross section for energies less than 30 
eV/amu. In the region of overlap, with the most recent papers, Hosely was a factor of 
two greater. Thus, the data of Mosely have been reduced by approximately a factor of 
two which more nearly coincides with the theoretical data of Ref. 280, 
(3) The data below 10 eV/amu should be used with caution. 
(4) Plotted is the H + energy with B" at rest. 
(5) The interaction energy is given by E i n t-E H+/2. 
(6) See Dolder's review (Ref. 69) for a discussion of this reaction. 

Por a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
Emln • 2.0E-01 eV/amu, ( „ , - 4.8E+03 eV/amu 

Chebysbev Pitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 A8 
-63.1439 -1.23277 .753504 -.408901 -.276190 .0381613 .0408940 -.0423914 .00269073 

The fit represents the above cross sections with an cms deviation of 2.4%. 
The maximum deviation is 5.8% at 1.0E+01 eV/amu. 
See appendix for Chebyshev fit details. 
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H + + H" - > H + H 

Cross Section vs. Energy 
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Sua of the Electron Capture and Ionization Cross Sections for 
H* • He* -> (IH • He 2*) • (H* • He 2* • e")I 

Energy Velocity Cross Section 
(eV/aau) (cm/s) (ca2) 

••> 
3.3E+03 7.98E+07 7.43E-20 
4.0B+03 8.79E+C7 1.04E-19 
7.0E+O3 1.16E+08 3.62B-19 
1.0E+04 1.39B+08 9.B9E-19 
2.0E+04 1.96E+08 1.00E-17 
4.0E+O4 2.78B+08 2.31B-17 
7.0E+O4 3.68E+08 2.55E-17 
1.0E+05 4.39E+08 2.19E-17 
2.0E+05 6.21E+48 1.3SE-17 
4.0E+05 8.78E+08 6.84E-18 
5.2E+05 1.00E+09 4.B2E-13 

References: (9, 73, 75, 76, 77, 81, 277, 278. 279 

Accuracy; 20% 

Motes: (1) Plotted are H* energies with the Be* particjes at rest. 
(2) The interaction energy is given by E i n t • . '. 

For a Chebyshev fit of the above cross sections it is necessary to use the following paraaeters. 
E, i n » 3.3E+03 eV/aau, E,,, « 5.2E+05 eV/aau 

Chebyshev Pitting Paraaeters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 AB 
-80.8329 2.22908 -1.82091 -.0490894 .341964 -.160988 -.03835(6 .0746090 -.0322523 

The fit represents the above cross sections with an ras deviation of 4.3%. 
The aaxiaua deviation is 9.2% at 1.0E+04 eV/aau. 
See appendix for Chebyshev fit details. 
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SUB of the Electron Capture and I o n i z a t i o n Rate C o e f f i c i e n t s for 
H* • He* -> [ (a • He 2*) • (B* • B e 2 * + e"»J 

H a w e l l i a n - Harwelltan s a t e C o e f f i c i e n t s ( c a V s ) 

Teap, 
(eV) 

Equal 
Temp. 509. 750. 

He* Tess>. (eV) 
1000. 2500. 500C. 10C00. 20000. 

2.0E+02 
4.0E+02 
7.0B+02 
1.0E+03 
2.0E+03 
4.0E+O3 
?*QE*03 
1.0B«04 
2.0B+04 

5.59E-17 
3.71E-14 
7.08E-13 
2.83E-12 
3.19E-11 
2.79E-10 
1.02E-09 
1.90E-09 
4.31E-09 

1.11E-15 
S.08E-14 
5.49E-13 
1.92E-12 
1.82E-11 
1.62E-10 
6.66E-10 
1.34E-09 
3.51E-09 

5.53E-15 
1.00E-13 
7.52E-13 
2.35E-12 
2.01E-11 
1.69E-10 
C.79E-10 
1.3CE-09 
3.52E-09 

1.78E-14 
1.74B-13 
9.96E-13 
2.83E-12 
2.22E-11 
1.7CE-10 
6.92E-10 
1.37E-09 
3.53E-09 

5.49E-13 
1.35E-12 
3.49E-12 
7.15E-12 
3.77E-11 
2.25E-10 
7.72B-10 
1.46E-09 
3.60B-09 

4.80E-12 
7.55E-12 
1.35E-11 
2.22E-11 
7.C9E-11 
3.18B-10 
9.10E-10 
1.61E-09 
3.71E-09 

4.1SE-11 
S.28E-11 
7.31E-11 
9.75E-11 
2.08E-10 
5.41E-10 
1.20B-09 
1.90E-09 
3.92B-0S 

3.10E-10 
3.42E-L0 
3.93E-10 
4.46E-10 
6.41E-10 
1.08E-09 
1.78E-09 
2.47E-09 
4.31E-09 

Motes: For Cnetoysbev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o use the fo l lowing parameters. 
• 2.0E+02 eV, 2.0E+04 eV 

Cheovshev P i t t i n g Parameters for Rate C o e f f i c i e n t s 
Be* 

Teap. 
(eV) Ad Al A2 A3 A4 AS A6 

500. -S.13885E*01 7.380S0E+00 -1.17079E*00 6.70967E-02 -1.42287E-01 3.79377E-02 5.35545E-02 
750. -5.05826E+01 6.73738E+00 -8.10583E-01 -8 .73094E-02 -9 .21944E-02 3.17877E-02 4.71S27E-02 

1000. -4.99515E+01 6.24899E+00 -5.58489E-01 -1.8276CE-01 -6.61605E-02 3.20490E-02 4.02355E-02 
2500. -4.775«7E*01 4.68556E*00 6.56666E-02 -3.34420E-01 -3 .90804B-02 4.27066E-02 1.48636E-02 
5C00. -4.59364E+01 3.57181E+00 2.68C44E-01 -2.79208E-01 -4.43108E-02 3.196»SE-02 6.39440E-03 

10000. -4.38282E+01 2.41498B+00 3.24673E-01 -1.50289E-01 -4 .79414E-02 9.61266E-03 5.76632r-03 
20000. -4.16749E+01 1.3C451E4C0 2.92509E-01 -4.41725E-02 -3.60762E-02 -3.52436E-03 2.65593E-03 

Equal Teap. -5.18052E+01 8.42203E+00 -2.1019lK*00 5.095S2E-01 -3.49726E-01 1.SOS96E-01 1.1148JE-02 

See appendix for Chebyshev f i t d e t a i l * . 
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H* + He* - > ((H + He 2 +) + (H* + He + e")) 

Maxwellian — Maxwellian 
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X-S3 

Total Electron Capture Rate Coefficients 
He* • H* -> ((H + He2*) + (B* *• n- 2* + He' 

for 
+ e")) 

Beam - Maxwellian Rate Coefficients (CK'/S) 
H Temp. He Em >rgy (eV/amu) 

(eV> 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 1.42E-10 1.95B-09 6.39E-09 9.31E-09 9.56B-C9 8.57B-09 4.98E-09 
2.0E+00 1.43E-10 1.94E-09 6.39E-09 9.31E-09 9.56E-09 8.57E-09 4 .98E-09 
4.0E+00 1.43E-10 1.94E-09 6.38E-09 9.31E-09 5.55E-09 8.56E-09 4 .98B-09 
7.0E+00 1.44E-10 1.93E-09 6.37E-09 9.31E-09 9.55E-09 8.S6E-09 4 .98E-09 
1.0E+01 1.45E-10 1.92E-09 6.36E-09 9.30E-09 9.55E-09 8.56E-09 4 .98E-09 
2.0E+01 1.47E-10 1.91E-09 6.34E-0? 9.29E-09 9.55E-09 8.55E-09 4 .98E-09 
4.0B+01 1.S3B-10 1.90E-09 6.31E-09 9.27E-09 9.S4B-09 8.S5B-09 4.98E-09 
7.0B+01 1.60E-10 1.89E-09 6.29E-09 9.25E-09 9.53E-09 8.54E-09 4.94E-09 
1.0E+02 1.68E-10 1.895-09 6.27E-09 9.23E-09 9.53E-09 8.53E-09 4 .87E-09 
2.0E+02 1.94B-10 1.90E-09 6.22S-09 9.19E-09 9.51E-09 8.52E-09 4.59E-09 
4.0E+02 2.53E-10 1.95E-09 6.18E-09 9.13E-09 9.49E-09 8.49E-09 4.20E-09* 
7.0E+02 3.5OE-10 2.06E-09 6.15E-09 9.07E-09 9.46E-09 8.47E-09 3.88E-09* 
1.0E+03 4 .49B-10 2.17E-09 6.16E-09 9.02B-09 9.44B-09 8.45B-09 3 .69E-09* 
2.0E+03 7.69E-10 2.52E-09 6.19E-09 8.90E-09 9.36E-09 8.39E-09 3.40B-09* 
4.0E+03 1.37E-09 3.11E-09 6.29E-09 8.70E-09 9.23B-09 8.32E-09 3.18E-09* 
7.0E+03 2.18E-09 3.79E-09 6.44E-09 8.49E-09 9.05E-09 8.23E-09 3 .05B-09* 
1.0E+04 2.88E-09 4.33E-09 6.57E-09 8.34E-09 8.89E-09 8.16E-09 2.99E-09* 
2.0E+04 4.61E-09 5.54E-09 6.93E-09 8.06E-09 8.4RE-09 7.90E-09 2.90E-09* 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients 
the following parameters. 
B^j, - 1.0E+00 ev, E,,^ - 2.0E+04 eV 

it is necessary to use 

Chebvshev Fitting Parameters for Rate Coefficients 

Ka+ 
Energy 

I tV /nu) A0 Al A2 A3 A4 A5 A6 

10000. -41.1609 1.70961 .748336 .0779426 -.109478 . .0550219 .00900977 
20O00. -39.6126 .447496 .287036 .0983789 -.00499034 -, .0233174 -.00975898 
40000. -37.7344 .0172991 .0327260 .0232302 .00718786 6 •985132E-05 -.00119392 
70000. -37.0628 -.0626379 -.0317506 -.0103654 -,00206175 4 .854519E-04 .00112569 
100000. -36.9442 -.0440273 -.0277168 -.0140155 -.00593012 - .00184524 -1.57S463E-04 
200000. -37.1894 -.0312141 -.0170352 -.00770730 -.00339568 - .00158336 -7.883493E-04 
500000. -38.6322 -.298865 -.0952539 .0317736 .0355560 - .00369627 -.0132072 

See appendix for Chebyshev fit details 
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He* + H + ~> ((H + He 2 +) + (H* + He' + e')) 

Beam — Maxwellian 
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Electron Capture Cross Sections for 
H T • He' -> H • He 2* 

Energy 
(eV/aau) 

1.8E+03 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+04 
4.0E+04 
4.4E+04 
5.6E+04 
7.0E+04 
1.0E+05 
2.0E+05 
2.4E+05 

Velocity 
(CB/S) 

S.89E+07 
6.21E+07 
8.79E*07 
1.16E+08 
1.39E+08 
1.96E+08 
2.78E+08 
2.91E+08 
3.29E+08 
3.68E+08 
4.39E+08 
6.21E+08 
6.80E+08 

Cross Section 
(em2) 

5.84E-22 
1.55E-21 
8.84E-20 
4.91E-19 
1.40E-18 
1.17E-17 
2.46E-17 
2.48E-17 
2.35E-17 
1.92E-17 
1.20E-17 
4.06E-18 
3.0CE-18 

References: 69, 71, 73, 74, 75, 76, 77, 78, 79, 80 

Accuracy; E < lxlO4 eV/amu - factor 2i 1x10* eV/aatu < E < 2.2x10s eV/amu - 25% 

Motess (1) At energies lens than 1x10* eV/aau the assumption was made that the electron capture 
cross section (*c) is equal to the total cross section («f). » c: H* + He + -> H + He 2*; 
o T: H* + He* -> l(H •>• He*) • (H* • He 2* • e")). 
(2) Data below 3xl03 eV/amu re:.y on theory of references 71, 79, and 80. 
t3) Plotted is the H* energy with Be* at rest. + 

(4) The interaction energy is given by E i n t » H . 

For a '*hebysbev fit of the above cross sections it is necessary to use the following parameters 
E B i n - 1.8E+0i eV/aau, t M X - 2.4E+05 eV/amu 

Chebyahev Fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 A8 
-83.5391 3.94447 -2.70255 .0791317 -.0544615 .290337 -.133801 -.0294272 .0518279 

The fit represents the above cross sections with an ras deviation of 2.41. 
The maximum deviation is 3.8% at 4.0E»04 eV/amu. 
See appendix for Chebyshev fit details. 
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H + + He* - > H + He 2 + 

Cross Section vs. Energy 
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Electron Capture Rate Coefficients for 
B+ • He+ -> H + Be 2* 

Maxwellian - Haxwellian Rate Coefficients (c«3/s) 

H* 

Teap. Equal Be* Teap. (eV) 
(eV> Teap. 200. 750. 1000. 2500. 5000. 10000. 20000. 

1.0B*02 1.846-19 2.17E-18 1.20E-15 4.99E-15 3.22E-13 4.38E-12 4.62E-11 3.506-10 
2.0B*02 3.926-16 3.92B-16 9.86E-1S -2.526-14 5.84E-13 5.73E-12 S.24E-11 3.68E-10 
4.0B+02 4.676-14 2.52E-14 1.13E-13 1. -896-13 1.48E-12 9.25E-12 6.64E-11 4.05E-10 
7.06*02 7.57E-13 3.78E-13 8.05E-13 1.08E-12 4.07E-12 1.69E-11 9.13E-11 4.62E-10 
1.0B+03 3.266-12 1.63E-12 2.67E-12 3.26E-12 8.74E-12 2.81E-11 1.21E-10 5.226-10 
2.06*03 4.046-11 2.02E-11 2.546-11 2.81E-11 4.776-11 9.59E-11 2.51E-10 7.376-10 
4.06*03 3.336-10 1.87E-10 2.06E-10 2.14E-10 2.71E-10 3.77E-10 6.276-10 1.206-09 
7.06*03 1.14B-09 7.48E-10 7.79E-10 7.93E-10 8.806-10 1.03E-09 1.32E-09 1.91E-09 
1.06*04 2.02E-09 1.46E-09 1.49E-09 1.50E-09 1.59E-09 1.74E-09 2.02E-09 2.536-09 
2.0E*04 3.87E-09 3.34E-09 3.356-09 3.36E-09 3.416-09 3.49E-09 3.63E-09 3.876-09 

Notes: For Cbebysbev fits of tbe above rate coefficients it is necessary to use the following parameters 
E»i n « 1.0E+02 eV, Eaa, - 2.0E+04 eV 

Chebvshev Pitting Paraaeters for Rate Coefficients 
Be* 
Teap. 
(eV) A0 Al A2 A3 A4 A5 A6 

200. -5.S6691E+01 1.039316*01 -2.176666*00 2.00410E-01 -1.29725E-01 -1.82527E-02 4.71659E-02 
750. -5.243226*01 7.77856E+00 -7.529836-01 -3.38100B-01 -3.27433E-03 -1.921216-02 3.80958E-02 

1000. -5.156006*01 7.11555E+00 -4.59118E-01 -4.026926-01 -1.26409E-02 -3.27140E-03 3.156576-02 
2500. -4.86136E*01 5.03638E*00 2.33460E-01 -4.368896-01 -7.67903B-*2 3.440156-02 1.99228E-02 
5000. -4.63267E*01 3.63467E*00 4.336296-01 -3.18641E-01 -1.01089E-01 2.48311E-02 1.64483E-02 

10000. -4.39403E*01 2.34146E*00 4.31460E-01 -1.58490E-01 -8.81424E-02 -4.916246-04 1.03754E-02 
20000. -4.1681SE*01 1.25619E*00 3.219176-01 -4.30200E-02 -5.446S2E-02 -1.22828E-02 2.563686-03 
, Teap. -5.56573E*01 1.11221E*01 -3.07961E*00 6.63079B-01 -3.65584E-01 9.911446-02 1.994146-02 

See appendix for Chebyshev fit details. 
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Electron Capture Cross Sections for 
Hj -> H 2 • Sj* H 2* • H -> B 2 • H* B 2* • Be •> H, • Be' 

Energy Cross Sec t 
c a z eV/aau 

Cross Sec t 
c a z 

2.0E+00 1.22E-15 
4.0B+00 1.12E-1S 
7.0E+00 1.06E-15 
1.0E+01 1.01B-1S 
2.0E+01 9 .21E-16 
4.0B+01 7.B3E-16 
8.0E+01 C.OCB-16 
1.0E+02 S.C4E-16 
2.0E+02 4.95E-1C 
3.0E+02 4.89E-16 
6.0E+02 4 .96E-16 
8.0E+02 S.2SE-1C 
1.0E+03 S.39E-16 
2.0E+03 5.49E-16 
3.0E403 5 .26B-16 
5.0E+03 4.81E-16 
S.OE+03 3.8CE-1C 
1.0E+04 3.39E-1C 
2 .02*04 2.04B-1C 
3.0E+04 1.2CE-16 
5.0E+04 4.SSE-17 
6.0E+04 2 .72E-17 
8.0E+04 1.15E-17 
1.0E+05 6 .43E-18 

tion Energy 
eV/aau 

Cross S e c t i o n 

S.OE+01 S . 0 0 E - K 
7.0E+01 E.3CE-K 
1.0E+02 8.75E-1C 
2.0E+02 9.S4E-1C 
4.0E+02 1.02B-1S 
7.0EH)2 1 .07BM5 
1.0E+03 1.09E-15 
2.0E403 1.02E-1S 
3.5E+03 S.96E-16 
S.OE+03 7.23E-16 

Energy Cross Sect: 
c a z eV/aan 

Cross Sect: 
c a z 

1.2E*03 1 .3SB-18 
2.0E+03 1.50E-1B 
4.0E+03 1.C4E-18 
7.0B+03 1 .73B-18 
S.0E«03 1.82E-1S 
9.0E+03 2 .18E-1S 
1.0E+O4 2.C8E-16 
l .SE«04 5 .45E-18 
2.CE+04 7.2CE-1S 
2 .4E-04 7 .49E-16 

Beferences: B 2* • B, - 3», 4: B 2* * B - 3, 228 
B, + • Be - 82 

39, 43, 82, 208, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220 

Accuracy; B 2* + B 2 - 30% E < lslO3 eV/aau; 20% E > lxlO3 eV/aao 
B 2

+ • B - 30% 
B 2* • Be - unknown 

Botesi (1) At energies less than 1.5xl03 eV/aau the cross sections were determined by Metering 
the slow ion current produced in the collisions. The cross section was calculated 
asauaing that B 2 iona foraed in ionising collisions were negligible. L&tiaer et al. 
(Kef. 213) found the ratio of S V B 2 produced to be .024 at 7.5x10* eV/asu and 
increased aonotonically to .2 at 25x10s eV/aau. 
(2) A proportional counter was used in aany experiaents at energies greater than lxlO3 

eV/aau to aeasure B 2 foraed in the collision. 
(3) It is well known that the B 2* electron capture cross sections are dependent on the vibrational levels of the incident B 2 ion. See the following set of data for the 
aagnitude of this effect which increases aa the energy decreases. 
(4) Kama* •* al. 'kef. 228) found the rate constants at theraal energies to be 
6.4xl0~'ro ca 3/* for B 2* • B and SxlO" 1 0 caVs for D 2* • C. 
(5) Electron capture data for B 2* in Ho are very scarce. The data presented here should 
be used with caution. 

For Chebyshev fits of the above cross sections it is necessary to use the following parameters. 
" j ! * H2» ^ain " 2.°E*00 eV/aau, E-,, » 
B 2* • fl; E_ l n - 5.0E+01 eV/aau, E_T, -
B 2* • Bet q i n - 1.2E«03 eV/aau, t ^ t * 

• 1.0E*05 eV/aau 
S.OB+03 eV/aau 
2.4E+04 eV/anu 

Ch.bv.hav fitting fflftrr^Tf* tor Cross Sections 
A0 Al A2 A3 A4 AS AC A7 A* 

B 2 * B 2 ' -71.4S72 -1.88878 -.9069*5 -.Sit593 -.388(66 -.0528444 .0283239 -.0386419 .00767516 
8 2* • Bi -69.2642 .0203046 -.153359 -,0596506 -.0175975 -,00446369 -.00355256 -.00672273 -.00592839 
B 2* • He. -81.0697 .916248 .310573 .0729101 -.120232 -.146642 .0679067 
The fit represents the H 2* • H 2 cross section with en ras deviation of 3.6%. The aaxlaua deviation is 7.1% st 6.1E*04 sV/aau. 
The fit represents the H 2* * H cross section with an ras deviation of 0.1%. 
The aaxiaua deviation la 0.2% at 7.0E+02 eV/aau. 
The fit represents the R 2* • He cross section with an ras deviation of 2.0%. The naxiaua deviation it 4.0% at 6.08+03 eV/aau. 

Bee appendix for Chebyahev fit details. 

http://Ch.bv.hav
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H2* + H, H2, He - > H2 

Cross Section vs. Energy 
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A-60 

Electron Capture Cross Sections for 

H2*(>. » 0,1.2,3) • H2 -> H2 

(v - 0) (v - 1) (v - 2) (v - 3) 

Energy Cross Sec t ion Energy Cross Sec t ion 
c a z 

Energy Cross Sec t ion 
cm2 

Energy Cross S e c t i o n 
est 2 eV/aau 

Cross Sec t ion 
ev/aatu 

Cross Sec t ion 
c a z eV/aau 

Cross Sec t ion 
cm2 eV/aau 

Cross S e c t i o n 
est 2 

4.0E+00 7.65E-16 4.0E+00 1.20E-15 4.0E+O0 1.22E-1S 4.0E+00 1.10E-15 
S.0E-HI0 7.78E-16 6.0E+00 1.15E-15 6.0E+OO 1.14E-1S 7.5E+00 1.09E-15 
6.0E+O0 7.90E-16 8.0E+00 1.11E-15 7.5E*00 1.10E-15 1.0E+01 1.05E-15 
7.7E+C0 3.05E-16 1.5E+01 1.05E-15 1.5E+01 1.04E-15 1.5E+01 9.92E-16 
1.0E+01 B.03E-16 2.5E+01 9.97E-16 2.5E+01 9.98E-16 3.0E+01 8.95E-16 
1.5B+01 8.C4E-16 4.0E+01 9.54E-16 4.CE+01 9.56E-16 6.0E+01 7.98B-16 
2.0E+Q1 S.03E-16 6.0E+C1 9.16E-16 7.0E+01 9.11E-16 7.5E+01 7.65B-16 
4.0E+Q1 8.09E-16 9.0E+01 8.72E-16 7.5E+01 9.03E-16 1.5E+02 7.36E-16 
6.0E+C1 8.07E-16 1.5E+02 8.09E-16 1.0E+O2 8.5SE-16 2.0E+02 7.20E-16 
7.5E+01 8.09E-16 2.0E+02 7.74B-16 2.0E+O2 7.4SE-16 4.0E+02 6.75E-16 
9.0B+01 7.86E-16 3.0E+O2 7.62E-16 5.0E+O2 5.97E-16 S.0E+02 6.59E-16 
1.5E+02 7.19E-16 5.0E+02 7.43E-16 
2.0E+02 6.83E-16 
3.0E+02 6.98E-16 
4.0E+02 7.11E-16 
5.0E+O2 7.20E-16 

References: 221, 222, 223. 224, 225, 22C, 227, 295 

Accuracy; unknown 

Motet (1) These experimental data are taken froai Castpbell et a l . (Ref. 221). For further 
information see theoretical references 222 - 227 and experiaet al seasuresents of Liao 
et a l . (Ref. 295). 

For Chebyshev f i t s of the above cross sections i t i s necessary to use the following paraaeters. 

{v » 0) E „ i n - 4.0E+00 eV/astu, 
(v - 1) E _ i n - 4.0E+00 ev/asui, 
(v - 2) E _ i n - 4.0E+00 eV/aau. 
(v - 3) Z^ln - 4.0E+00 eV/aau, 

?aax 
faax 

5.0B+02 eV/aau 
5.0E+02 eV/aau 
5.0E+02 eV/aau 
5.0E+02 eV/aau 

Chebvshev Fitting Paraaeters for Cross Sections 

A0 Al A2 A3 
(v - 0) -69.6245 -.0593713 -.0380137 .0269366 
(v > 1) -69.2068 -.245756 .00730004 .0108746 
(v . 2) -69.2536 -.288634 -.0220048 -.0199150 
(v - 3) -C9.3794 -.283633 .0144526 

A4 AS A6 A7 A8 

.0238283 .0156238 - .00842422 - .0146446 - .00321688 

.0127040 .00132443 - .00641668 - .00611834 - .00633415 

.45200E-04 - .0241700 - .0316741 - .0245964 - .0170459 

.00269142 -.00368054 .00893694 -5.08689E-04 

The fit represents the v>-C cross section with an ras deviation of 0.61. 
The aaxlaua deviation is 0.9% at 2.0E+02 eV/aau. 
The fit represents the v-1 cross section with an ras deviation of 0.1%. 
The aaxlaua deviation is 0.2% at 2.0E+02 eV/aau. 
The fit represents the " 2 cross section with an rms deviation of 0.1%. 
The aaxlaua deviation is 0.2% at 4.0B+G1 eV/aau. 
The fit represents the v»3 cross sec ion with in rns deviation of 0.3%. 
The aaxiaua deviation is 0.7% at 7.5E+01 eV/amu. 

See appendix for Chebyshev fit details. 



A-61 

H,*(i/=0,1,2,3) + K - > H_ 

Cross Section vs. Energy 
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A-62 

Electron Capture Cross Sections for 

Energy 
(eV/aao) 

2.5E+02 
4.0B*02 
7.0E+O2 
1.0E+03 
2,0E+O3 
4.0E+03 
7.0B+03 
1.0E+04 
2.0E+O4 
4.0E+04 
7.CB+04 
1.0B+0S 
2.0E+O5 
4.0B+OS 
7.0E+O5 

Referencesi 7, 22, 59, 60, 

Accuracy! E < COO eV/«mu - unknown; E > 600 eV - 30* 

Wotat The lowest experimental aeasureaent waa at an energy of 500 eV/aam. Data waa 
extrapolated to 250 eV/aau by using the theoretical reaulta of lef. 61. 

ror a Chebysbew fit of the above croaa sections it ia necesaary to nee tba following parameters. 
E^,, - 2.5E+02 eV/aau, EUMX • 7.0E+05 eV/asm 

Chebyshev Fitting Parameters for Croaa Sectlone 

A0 Al A2 A3 A4 A5 A6 A7 AS 
-79.2449 -3.43445 -3.38701 -.953151 .0800233 .153935 -.198503 -.126958 .0492936 

The fit repreaenta the abova cross sections with an raw davlation of 6.7%. 
The Mxiausi deviation ia 15.8% at 2.0E+Q5 eV/aau. 
See appendix for Chebyshev fit details. 

Be* * H -> He • H* 

V e l o c i t y 
( c a / s ) 

2.20B+07 
2.78E+07 
3.68E+07 
4.39E+07 
6.21E+07 
8.79B+07 
1.16B+08 
1.39E+01 
1.96B%08 
2.78B+08 
3.68E+08 
4.39B+08 
6.21E+08 
8.76B+08 
1.16E+09 

Croaa Sec t ion 
(csi 2 ) 

1.54E-17 
2.39E-17 
3 .998-17 
4.74B-17 
5.57B-17 
9 .088 -17 
1.71B-16 
2 .33B-16 
2 .4 2 1 -1 6 
1 .008-16 
2 .978-17 
1.2»B-17 
1 .018-18 
7 . 9 4 8 - 2 0 
2 . 4 6 8 - 2 1 



He* + H ~> He + H* 

Cross Section vs. Energy 
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A-64 

Electron Capture Rate C o e f f i c i e n t s for 
He* • B -> Be • H* 

H a m e l l i a n - Harwelliai; Mate C o e f f i c i e n t s ( c a 3 / s ) 

Be* 
Teap. Equal 
(eV) Teap. 1 0 . 100. 1000. 

B Teap. (eV) 
2500. 5000. 10000. 20000. 

7.0E+01 
1.0E+02 
2.0E+O2 
4.0E+02 

03+02 
OE+03 
OE+03 

4 . OE+03 
. OE+03 
.OE+04 

2.0E+04 

7.00E-11 
1.74E-10 
S.93E-10 
1.37E-09 
2.50E-09 
3.79E-09 
9.08E-09 
1.88E-08 
2.63E-08 
2.86E-08 
2.59E-08 

1.60E-13 
1.0SE-12 
1.89E-11 
1.29E-10 
3.71E-10 
6.26E-10 
1.40E-09 
2.9SE-09 
5.83E-09 
9.13E-09 
1.88E-08 

1.S1E-10 
1.74E-10 
2.54E-10 
4.23E-10 
6.76E-10 
9.18E-10 
1.47E-09 
3.25E-09 
« .21E-09 
9.53E-09 
1.91E-08 

2.97E-09 
3.00E-09 
3.08E-09 
3.25E-09 
3.52E-09 
3.79E-09 
4.76E-09 
6.87E-09 
1.02E-08 
1.34E-08 
2.15E-08 

9.16E-09 
9.20E-O9 
9.31E-09 
9.S3E-09 
9.86E-09 

02E-08 
13E-08 
34E-08 
•3E- 08 
&8E-08 

2.46E-08 

1.88E-08 
1.88E-08 
1.89E-08 
1.91E-08 
1.93E-08 
1.95E-08 
2.02E-08 
2.1SE-C8 
2.32E-08 
2.46E-C8 
2.75E-08 

2.75E-08 
2.75E-08 
2.75E-08 
2.7SE-08 
2.76B-08 
2.77E-08 
2.78E-0B 
2.81E-08 
2.84E-08 
2.86E-08 
2.88B-08 

2.77F-08 
2.77E-08 
2.77E-08 
2.77E-08 
2.77E-08 
2.77E-08 
2.76E-08 
2.74E-08 
2.72E-08 
2.C9E-08 
2.59E-08 

Notes : For Chebyshev f i t s of tbe above rate c o e f f i c i e n t s i t i s necessary t o use tbe fo l lowing paraae ters . 

El i* 7.0E+01 «V, 2.OE+04 eV 

Chebyshev P i t t i n g Paraaeters for Bate C o e f f i c i e n t s 
B 

Teap. 
(eV) A0 Al A2 A3 A4 A5 A6 

10. -4.44012E+O1 5.333ME+00 -1.31634E+00 5.53831E-01 -1.0523CE-01 -4.75481E-02 -6 .48771B-03 
100. -4.08648E+01 2.48428E+O0 2.58050E-01 -3.12250E-02 9.54007E-04 -3.30158B-02 -2 .12794E-02 

1000. -3.79160E+01 9.81592B-01 3.54607E-01 2.81517E-02 -3 .71282E-02 -1.9584SE-02 -3.45087E-03 
2S00. -3.63706E+01 4.76956E-01 1.86293E-01 2.58640E-C. -1 .33869E-02 -9.40073E-03 -2 .40891E-03 
5000. •3.53362E+01 1.79870E-01 7.40800E-02 1.32222B-02 -3 .81465B-03 -3.86405E-03 -1.31950E-O3 

10000. -3.47840E+01 2.52895E-02 8.72489E-03 -3.06100E-O4 -2.09262E-O3 -1.25992B-03 -3.74090E-04 
20000. -3.48330E+01 -2.63999E-02 -1 .50886E-02 -6.64467E-03 -2 .39705E-03 -7.47129E-04 -1 .92495E-04 
. Teap. -3.92825E+01 2.95989E+00 -6 .50284B-01 -C.36867E-02 -1 .59695E-01 6.25401E-02 2.55537E-02 

See appendix for Chebyshev f i t d e t a i l s . 
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A-6<i 

Electron Capture Bate Coefficients for 
B + He* -> He + a* 

Beast - Maxwellian Rate Coefficients (c« 3 / s ) 

He T 

Teap. B Energy (eV/aau) 
(eV) 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0B+00 3.19E-08 4.74E-08 2.77E-08 1.09E-08 5.66E-09 6.28E-10 1 . 9 5 E - 1 1 " 
2.0E+00 3.23E-08 4.74E-08 2.77E-08 1.09E-08 S.66E-09 6.27E-10 1.95E-11** 
4.0E+00 3.22E-08 4.73E-08 2.77E-08 1.09E-08 5.65E-09 6.27E-10 1.95E-11** 
7.0E+00 3.22B-08 4.72E-08 2.77E-08 1.09E-08 S.65B-09 6.27B-1S 1.95B-11** 
1.0E+01 3.21E-08 4.71E-08 2.77E-08 1.09E-08 5.65E-09 6.27E-10 1.95E-11** 
7.0E+01 3.21E-08 4.7PE-08 2.76E-08 1.09E-08 5.64E-09 6.27E-10 1.95E-11** 
4.OE+01 3.19E-08 4.68E-08 2.76E-08 1.09E-08 5.63E-09 6.28E-10 1.95E-11** 
7.0E+01 3.18E-08 4.65E-08 2.75E-08 1.0«E-08 5.62E-09 6.2BE-10 1.95B-11** 
1.0E+02 3.17E-08 4.63E-08 2.74E-08 1.09E-08 S.61E-09 6.28E-10 1 . 9 5 B - 1 1 " 
2.0E+02 3.16E-0B 4.58B-08 2.73E-08 1.09B-08 5.59E-09 6.29E-10 1.96E-11** 
4.0E+02 3.14E-OB 4.51E-08 2.72E-08 1.09E-08 5.56E-09 6.30E-10 1.96E-11** 
7.0E+02 3.12E-08 4.44E-08 2.70E-08 1.09E-08 5.54E-09 6.32E-10 1 .97B-U** 
1.0E+03 3.12E-08 4.38E-08 2.68E-08 1.09E-08 5.52B-09 6.34E-10 1.98B-11* 
2.0E+03 3.12E-08 4.24E-08 2.65E-08 1.10E-08 5.50E-09 6.41E-10 2.01B-11* 
4.0E+03 3.15E-08 4.04E-08 2.62E-08 1.11E-08 5.S1E-09 6.55E-10 2.07E-11* 
7.0E+03 3.17E-08 3.82E-08 2.57E-08 1.13B-08 S.S6E-09 6.77E-10 2.17B-11* 
1.0B+04 3.18E-08 3.63E-08 2.53E-08 1.1SE-08 5.63E-09 7.01E-10 2.26E-11* 
2.0E+04 3.13E-08 3.26E-08 2.37E-08 1.18E-J8 5.92E-09 7.89E-10 2.54E-11* 

Accuracy; * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: For Chebyshev f i t s of the above rate coefficients i t i s necessary to use the following paraaete 
E p i n • 1.0E+00 eV, E B a x - 2.0E+04 eV 

Chebvshev Fitting Parameters for Rate Coefficients 
B 

Energy 
(eV/aau) A0 Al A2 A3 A4 AS AC 

10000. -3.45301E+01 -1.16460E-02 2.95116E-03 6.60447E-03 -4 .30159E-03 -3.33439E-03 -4.15571E-03 
20000. -3.39259E+01 -1.54811E-01 -7.89802E-02 -3.03904E-02 -9 .78923E-03 -2.8358SE-03 -6.35026B-04 
40000. -3.48770E+01 -5 .98881E-02 -3.03031E-02 -1.35966E-02 -7 .00807E-03 -4.08339C-03 •2.34824E-0^ 
70000. -3.S6351E+01 2.84585E-02 2.06398E-02 1.0S841E-02 3.32277E-03 -4.79714E-05 -9.38437B-04 

100000. -3.79874E+01 2.72710E-03 1.S5802E-02 1.57294E-02 9.39045B-03 3.99108E-03 1.23431E-03 
200000. -4.22957E+01 7.45856E-02 J.41115E-02 3.23181E-02 1.66050E-02 6.94819E-03 2.78456E-03 
500000. -4.92176E+01 9.14498E-02 6 . 4 0 8 6 U - 0 2 3.572SJE-02 1.57066E-02 5.138«8E-03 8.4688SE-04 

See appendix for Chebyshev f i t de ta i l s . 



A-67 

H + He+ - > He + H+ 

Beam — Maxweilian 
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A-68 

Electron Capture Ccoaa Sactlona for 
He* • »2 -> •« 

Energy Velocity Croaa Section 
(eV/aau) (cm/a) (ca2) 

2.4E-03 i .aiEHM 1.65E-18 
7.0B-03 1.1CB+05 K20E-1E 
1.0E-02 1.3»E*OS 1.07E-10 
4.08-02 2.7IE*V3 < . ( (E-19 
1.0E-01 4.3>E+0S 4.35E-1J 
4.0E-01 e.7»EH)5 l . t » E - l » 
7.0E-01 1.KE+0* ».»3E-20 
1.0E+00 1.3fE+9< 5.21E-20 
1.3E+00 1.5IE+0C 4.43E-20 
1.5E+00 1.70E»OC 5.70E-20 
3.0(400 2.41EHM 2.15E-1* 
4.0E»00 2.7IE+04 2.41C-1* 
7.0E«00 3.CIE+0C 2.«5E-1» 
1.0E*01 4.3«E+0« 2.77E-10 
4.0E+01 I.79E+0* 5.03E-1* 
7.0E*01 l .ME+07 1.11E-1I 
1.0E+02 1.3IE+07 1.0IE-1E 
4.0E+02 2.70E+O7 1.1IE-17 
7.0E+O2 3.CIE+07 2.44E-17 
1.0E+03 4.31E+07 3.77E-17 
4.0E+03 t . 7 » t 0 7 1.42E-1* 
7.0E*03 1.ME+00 2 . 0 K - 1 * 
1.0E+04 1.3»E+0» 2 .421-1* 
l.«E*04 1.7(E»00 2 .CM-M 
4.0E+04 2.7SE*00 1.54E-1* 
7.0E+04 1.70E+90 «.41E-17 
1.0E+0S 4.30E+00 2.I4E-17 
4.0E*05 I . 7 I M I 2.1SB-10 
7.0E»05 l.ME+Of 1.3SE-20 

Eeferoncoai 7, 22, 12, 91, M , 17, M , »», 100, 101, 102, 103, 104, 105, 10*. 107 

Accuracy! E < 2«105 a Vaawi - unknowni t > 2al03 eV/aau - 201 

Hotoei (1) Tba data between 40 - 2000 eV/aau have Dean Interpolated 
(2) The data of Koran and Conrada (Ref. 107) are eatentlally independent of energy in 
the 250 - 000 eV/aau region and are approximately a factor of 10 above the valuea ebovn. 
(3) The low energy data ( E < 2»103 «V/aao) of Otodefocd and Raated (Kef. «2) are 1 to 
2 ordera of Begnltude greater than the extrapolated data. 
(4) The data below 2»10J eV/aani have large uncer taint lee 
(5) In the experimenta cited the »e* aetaatable atate population ia dependent on the ion 
aource uaed and the operating paraaetera of the aourca. Aa the aetaatable population 
lncr-aaea the total eroaa aection lncreaaea. 

for a Chebyabev fit of the above croaa aectlona it la n< aaaary to uaa the following pereawtera. 
E.!,, • 2.4E-03 eV/enu, E M , » 7.0E»05 eV/aau 

Chebyahev fitting P.temettra for Croaa aectlona 

A0 Al A2 A3 A* AS A* A7 A« 
-el.»4(( .720256 -.150412 -1.1372* -1.(0226 .02(7211 .04747*4 3.1SI23E-03 .1(4717 

The fit repreaanta the above croaa aactiona with an iaa deviation of 34.(1. 
The aaxlaua deviation la 132.46 at 1.3E+00 eV/aau. 
See appendix for Chebyahev fit dotal la. 
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A-70 

Electron Capture Cross Sections for 
He* • Be -> He • He* 

Energy Velocity Cross Section 
(eV/aau) <c*/s) (ca 2 ) 

4.0B-02 2.78E+05 3.32E-15 
7.0B-02 3.68E+05 3 .12E-15 
1.0E-01 4.39E+05 2.97B-15 
2.0E-01 6.21E+05 2.85E-15 
4.0E-01 8.79E+05 2.64E-15 
7.0E-01 1.16B+06 2.43E-15 
1.0E+00 1.39E+06 2.31B-15 
2.0E+00 1.96E+06 2.10B-15 
4.0E+00 2.78E+06 1.96E-15 
7.0E+00 3.68E*0< 1.83B-15 
1.0E+01 4.39E+06 1.7SB-15 
2.0E+01 6.21E+06 1.54E-15 
4.0E+01 8.79E+06 1.39E-15 
7.0E+01 1.16B+37 1.31E-15 
1.0E+02 1.39E+07 1.26B-15 
2.0E+02 1.96E+07 1.11E-15 
4.0E+02 2.76 E+07 9.87E-16 
7.0E+02 3.6'E+07 8.56B-16 
1.0E+03 4.39E+07 7.92E-16 
2.0E+03 6.21E+07 6.48E-16 
4.0E+03 8.79E+07 5.26E-16 
7.0E+03 1.16E+08 4.22E-16 
1.0E+04 1.39E+08 3.60E-16 
2.0B+04 X.96E+08 2.36E-16 
4.0E*04 2.78E+08 1.28E-16 
7.0E+04 3.68E+08 5.58E-17 
1.0E+05 4.39E+08 2.68E-17 
2.0E+0S 6.21E+08 5.49E-18 
4.0E+05 8.78E+08 4.12E-19 
5.38*05 1.01E+09 1.08B-19 

Referencen 91, 96, 97, 98, 99, 103, 104, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 
118, 119, 120, 390, 397 

Accuracy: 20% throughout the energy range 

Por a Chebyshev f i t of the aoove croaa aactions it is necasaary to use the following parameters. 
E B i n - 4.0E-02 eV/am», I , , , - 5.1E+05 eV/a»u 

cmpythtv rm„'M Pamtttm. for croea g,tcm?n,i 

A0 Al A2 A3 A4 AS A6 A7 A8 
-71.6915 -3.72702 -1.97026 -1.16040 -.605858 -.259050 -.0892322 -.0165873 9.75783E-03 

The fit represent* the above croaa aactions with an caa deviation of 2.4%. 
The maximum deviation ia 9.21 at 1.0E+05 eV/anu. 
See appendix for Chebyehev fir. data 11a. 
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He* + He - > He + He+ 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 
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Electron capture Rate Coefficients for 
Be* • Be -> He • He* 

Maxwellian - Maxwellian Rate Coefficients (cn3/s) 

He* 
Teap. Equal He Teap. (eV) 
(eV) Teap. 1 . 100. SOO. 1000. scoo. 10000. 20000. 

1.0E+00 2.66E-09 2.66E-09 1.12E-08 1.97E-08 2.44E-08 3.68E-08 4.18E-08 4.51E-08 
2.0E+00 3.45E-09 3.10E-09 1.13E-08 1.97E-08 2.44E-08 3.68E-G8 4.18E-08 4.S1E-08 
4.0E+00 4.49E-09 3.75E-09 1.13E-08 1.97E-08 2.44E-08 3 .68E-08 4.18B-08 4.51E-08 
7.02*00 5.S4E-09 4.49E-09 1.15E-08 1.97E-08 2.44E-08 3.68E-08 4.18E-08 4.51E-08 
1.0E+01 6.30E-09 5.06E-09 1.1CE-08 1.98E-08 2.44E-08 3.68E-08 4.18E-08 4.51E-08 
2.0E+01 8.06E-09 6.42B-09 1.19E-08 1.99E-08 2.45E-08 3 .68E-08 4.18E-09 4.S1E-08 
4.0E+01 1.03E-08 8.13E-09 1.26E-08 2.0XE-08 2.47E-08 3.68E-08 4.18E-08 4.51E-08 
7.0E+01 1.26E-08 9.87E-09 1.35E-08 2.05E-08 2.49E-08 3.69E-08 4.18E-08 4.S1E-08 
1.0E+02 1.43E-08 1.12E-08 1.43E-08 2.08E-08 2.S1E-08 3.69E-08 4.18E-08 4.51E-08 
2.0E+02 1.82E-08 1.44E-08 1.65E-08 2.19E-08 2.57E-08 3.71E-08 4.19E-08 4.S1E-08 
4.0E+02 2.28E-08 1.83E-38 1.96E-08 2.36E-08 2.69E-08 3.74E-08 4.20E-08 4.S1E-08 
7.0E+02 2.69E-08 2.19E-08 2.28E-08 2.57E-08 2.83E-08 3.78E-08 4.22E-08 4.52E-08 
1.0E+03 2.96E-08 2.44E-08 2.51E-08 2.74E-08 2.96E-08 3.82E-08 4.24E-08 4.S2E-08 
2.0E+03 3.50E-08 2.96E-08 2.99E-08 3.13E-08 3.27E-08 3.93E-08 4.29E-08 4.53E-08 
4.0E+03 4.03E-08 3.50E-08 3.52E-08 3.59E-08 3.68E-08 4.11E-08 4.37E-08 4.S4E-08 
7.0E+03 4.37E-08 3.93E-08 3.94E-08 3.98E-08 4.03E-08 4.29E-08 4.46E-08 4.55E-08 
1.0E+C4 4.51E-08 4.18E-08 4.18E-08 4.21E-08 4.24E-08 4.40E-08 4.51E-08 4.54E-08 
2.0E+04 4.47E-08 4.51E-08 4.51E-08 4.51E-08 4.52E-08 4.55E-08 4.S4E-08 4.47E-08 

Notes: For Chebyshev f i t s of the : above rate c o e f f i c i e n t s i t i s necessary t o use the fo l lowing paraaeti 

E-m ' 1.0E+00 eV, E«a« • 2 . OE+04 eV 

He 
Temp. 
(eV) A0 

Chebyshev F i t t i n g Parameters for Rate C o e f f i c i e n t s 

Al A2 A3 A4 A5 A6 

1. 
100. 
SOO. 

1000. 
5000. 

10000. 
20000. 

Equal Teap. 

-3.65091E+01 
-3.S5092E+01 
-3.49239B+01 
-3.46672Et01 
-3.41193Et01 
-3.39337E+01 
-3.38270E+01 
-3.62362Et01 

1.50347E+00 
7.61944E-01 
4.30514E-01 
3.07854B-01 
9.72499E-02 
3.944796-02 
1.35988E-03 
1.48422E*00 

-7.73477E-02 
1.84506E-01 
1.66682E-01 
1.38199E-01 
5.39119E-02 
2.21217E-02 

-9.13724E-04 
-1.94700E-01 

8.34424E-02 
6.99606E-02 
1.76952E-03 
1.53048E-02 
1.55767B-02 
6.22476E-03 
2.77809E-03 
-6.90443E-02 

-7.59297E-04 
-4.58282E-02 
-3.51444E-02 
-2.27026E-02 
-2.97046E-O3 
-1.76048E-03 
-3.01878E-03 
-1.94257E-02 

,1777*^-03 
.01278B-03 
.39113E-02 
52299E-02 
.16891E-03 
.26193E-03 
.17733E-03 
.35547E-03 

2.46929E-03 
6.02365E-03 
1.27578E-03 
-2.87864E-03 
-3.80972E-03 
-2.26998E-0; 
-1.25142E-03 
-2.792028-03 

See appendix for Chebyshev fit details. 
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He* + He - > He + He* 

Maxwellian — Maxwellian 
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Electron Capture Rate C o e f f i c i e n t s for 
Be + HeT -> fie + He' 

Beast - KaxweDian Rate Coefficients (c«3/s) 

Be* 
Testp- He Energy (eV/aau) 
(eV) 10000. 20000. 40000. 70000. 100000. 200000. 400000. 

1.0E+00 5.00F-08 4.63E-08 3.55E-08 2.05E-08 1.18E-08 3.41E-09* 3.61E-10** 
2.0E+C0 5.00E-08 4.63E-08 3.55E-08 2.0SE-08 1.18E-08 3.40E-09* 3.62E-10** 
4.0E+00 5.00L-08 4.63E-08 3.55E-08 2.0SE-08 1.18E-08 3.40E-09* 3.61E-10** 
7.0E+O0 4.99E-08 4.63E-08 3.55E-08 2.05E-C8 1.18E-08 3.40E-09* 3.61E-10** 
1.0E+01 4.99E-08 4.63E-08 3.SSE-08 2.05E-08 1.18E-08 3.40B-09* 3.61E-10** 
2.0E+O1 4.99E-08 4.62E-08 3.S4E-08 2.05E-08 1.18E-08 3.40E-09* 3.61E-10** 
4.CE+01 4.99E-08 4.62E-08 3.54E-08 2.04E-08 1.18E-08 3.39E-09* 3.61E-10** 
7.0E+01 4.98E-C8 4.61E-08 3.S3E-08 2.04E-08 1.18E-08 3.39E-09* 3.61E-10** 
1.0E+02 4.98E-08 4.61E-08 3.S3E-08 2.04E-08 1.18E-08 3.38E-09* 3 . 6 0 E - 1 0 " 
2.0E+O2 4.97E-08 4.60E-08 3.51E-08 2.03E-08 1.17E-08 3.37E-09* 3.60E-10*« 
4.0E+02 4.9SE-08 4.54E-06 3.50E-08 2.03E-08 1.17E-08 3.36E-09* 3.60E-10** 
7.0E+02 4.94E-08 4.S7E-08 3.48E-08 2.02E-08 1.17E-08 3.34E-09* 3.59E-10** 
1.0E+03 4.93E-08 4.55E-08 3.47E-08 2.02E-08 1.18E-08 3.33E-09 3.59E-10** 
2.0E+03 4.89E-08 4.52E-08 3.43E-08 2.01E-08 1.18E-08 3.31E-09 3.60E-10** 
4.0E+03 4.83E-08 4.46E-08 3.38E-08 2.00E-08 1.18E-08 3.30E-09 3 . 6 2 E - 1 0 " 
7.0E*03 4.7SE-08 4.39E-08 3.32E-08 1.99E-08 1.19E-08 3.x9E-09 3.67E-10** 
1.0B+04 4.68E-08 4.31E-08 3.28E-08 1.98E-08 1.20E-08 3.30E-0S 3.72E-I0** 
2.0E+04 4.48E-08 4.09E-08 3.13E-08 1.96E-08 1.22E-08 3.37E-09 3.91E-10* 

Accuracy: * - Possible Error Greater Than 10% 
•* - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the followin9 parameters. 
•in 1.0E+00 eV, - 2.0E+04 eV 

Chebvshev Pitting Paraaeters for Rate Coefficients 
Be 

Snergy 
(eV/aau) A0 Al A2 A3 A4 A5 A6 

10000. -3.36725E+01 -4.07805E-02 -2.43723P.-02 -1.21532E-02 -5 .34881E-03 -2.01573E-03 -S.49929E-04 
20000. -3.38300E+01 -4.55632E-01 2.69923E-02 -1.37596E-02 -6 .60783E-03 -3.00454E-03 -1 .25225E-03 
40000. -3.43690E+01 -5.00191E-02 -2.61460E-02 -1.10247E-02 -4 .45099E-03 -1.92372E-03 -9 .15345E-04 
70000. -3.54336E-M11 -2.0086SE-02 -7.82001E-03 -2.0J441E-03 -7 .58265E-04 -7.02792E-04 -6 .07996E-04 

100000. -3.65032E+01 1.22086E-02 1.0C798E-02 5.91914E-03 2.15183E-03 3.37849E-04 -2.72081E-04 
200000. -3.90194E+01 -1.48944E-02 8.1269SE-04 5.74317E-03 5.00317E-03 2.19384E-03 1.079G1E-03 
400000. -4.34614E+01 2.08264E-02 2.0C251E-02 1.46660E-02 7.48524E-03 3.55071E-03 7.16357E-04 

See appendix for Chebyshev fit details. 
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He + He* - > He + He" 

Beam - Maxwellian 
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Electron Capture Cross Sections for 
Be* + Li -> Be * Li* 

Energy Velocity Cross Section 
(eV/aau) (CM/S) (c«2) 

6.4E+01 1.11E+07 7.80E-16 
1.0E+C2 1.39E+07 1.S3E-15 
2.GE+02 1.96E+07 3.27E-15 
5.0E+02 3.11E+07 5.25E-15 
8.0E+02 3.93E+07 5.61B-15 
1.0E+03 4.39E+07 5.60E-15 
2.0E+03 6.21E+07 5.12E-15 
4.0E+03 8-79E+07 4.J7E>i5 
7.CE+03 1.16E+08 2.93E-15 
1.0E+04 1.39&X/8 1.76B-15 
2.0E+04 1.96E+08 3.26E-16 
2.5E+04 2.20E+08 1.33E-16 
3.0E+04 2.41E+08 6.37E-17 
4.0E+04 2.78B+08 4.17B-17 
5.0E+04 3.11E+08 3.42E-17 
7.0E+04 3.68E+08 2.60E-17 
1.0E+05 4.39E+08 2.00E-17 

References; 230, 231, 232, 233, 234, 242 

Accuracy: 30% 

Botes For electron capture cross sections of Li* and Li 2* in Be see references 249, 250, 251, 
254. 

For a Chebyshev fit of the above cross sections it is necessary to use the following paraneters. 
Ê i,, • 6.4E+01 ev/a»u, E,,,,, « 1.0E+05 eV/anu 

Chebyshev Fitting Paraaeters for Cross Sections 

AO Al A2 A3 A4 AS A6 A7 A8 
-69.9420 -2.17479 -1.90237 .153408 .309985 .316010 .0848497 -.118385 -.140948 

The fit represents the above cross sections with an rms deviation of 8.8%. 
The »»xi»un deviation is 26.5% at 3.0E+04 eV/anu. 
See appendix for Chebyshev fit details. 
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He* + Li ->He + Li + 

Cross Section vs. Energy 
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Electron Capture Bate Coefficients for 
Li • He* -> Be + Li* 

Beaai - Razvellian Rate Coefficients ( C B 3 / S ) 

Be* 
Tear;. Li Energy (eV/aau ) 
(eV) 10000. 20000. 30000. 40000. 60000. 80000. 100000. 

1.0E+00 2.44E-07 6.38E-08* 1 . 5 4 E - 0 8 " 1 . 1 6 E - 0 8 " 1.C0E-08** 9 . 2 6 E - 0 9 " 4.39E-09** 
2.0E+00 2.44B-07 6.38E-08* 1.54E-06** 1.16E-08** 1.00E-08** 9.26E-09** 4.39E-09** 
4.0E+00 2.43E-07 6.37E-08* 1.55E-08** 1 . 1 6 E - 0 8 " 1.00E-08** 9 . 2 6 E - 0 9 " 4.39E-09** 
7.0E+00 2.43E-07 6.35E-08* 1.55E-08** 1 . 1 6 E - 0 8 " 1 . 0 0 E - 0 8 " 9.26E-09** 4.39E-09** 
1.0E+01 2.42E-07 6.35E-08* 1.55E-08** 1.16E-08** 1.00E-08** 9 . 2 6 E - 0 9 " 4.39E-09** 
2.OE+01 2.42E-07 6.32E-08* 1 . 5 6 E - 0 8 " 1.16E-08** 1.00E-08** 9 . 2 6 E - 0 9 " 4.38E-09** 
4.0E+01 2.40E-07 6.30E-08* 1.58E-08** 1.16E-08** 1.00E-08** 9.26E-09** 4 . 3 8 E - 0 9 " 
7.3E+U 2.39E-07 6.27E-08* 1.59E-08** 1 . 1 7 E - 0 8 " 1.00E-08** 9.26E-09** 4 . 3 8 E - 0 9 " 
l.LE+12 2.38E-07 S.25E-08* 1 . 6 0 E - 0 8 " 1.17E-08** 1 . 0 0 E - 0 8 " 9 . 2 6 E - 0 9 " 4 . 3 7 E - 0 9 " 
2.OE+02 2.36E-07 6.22E-08* 1.64E-08** 1.17B-08** 1.00E-08** 9 . 2 6 E - 0 9 " 4.36E-09** 
4.OE+02 2.34E-07 6.19E-08* 1.70E-08** 1 . 1 8 E - 0 8 " 1.00E-08** 9 . 2 6 E - 0 9 " 4.35E-09** 
7.OE+02 2.31«- 07 6.19E-08* 1.77E-08* 1 . 1 9 E - 0 8 " 1.00E-08** 9.26E-09** 4.34E-09** 
l.OE+03 2.29E-07 6.22E-08* 1.83E-08* 1 . 1 9 E - 0 8 " 1.00E-08** 9.24E-09** 4 . 3 3 E - 0 9 " 
2.OE+03 2.21E-07 6.38E-08* 2.03B-08* 1.22E-08** 1 . 0 0 E - 0 8 " 9 . 0 9 B - 0 9 " 4 . 3 0 E - 0 9 " 
4.OE+03 2.09E-07 6.77E-06* 2.36E-08* 1.31E-08** 1 . 0 1 B - 0 8 " 8.59E-0S** 4.26E-09** 
7.OE+03 1.93E-07 7.22E-08 2.78E-08* 1.48E-08* 1 . 0 1 E - 0 8 " 7.97E-09** 4.22E-09** 
1.0E+04 1.80E-07 7.43E-08 3.14E-08* 1.66E-08* 1 . 0 1 E - 0 8 " 7 . 5 4 E - 0 9 " 4.18E-09** 
2.OE+04 1.50E-07 7.63E-08 3.93E-08* 2.22B-08* 1.08E-08** 6.91E-09** 4.13E-09** 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 1001 

Notess For Cbebysbev f i t s of tbo above rate coeff ic ients i t i s necessary to use the following parameters 
E „ l n • 1.0E+00 eV, E^j, • 2.0E+04 eV 

Chebyshev Pitting Para—ters for Rate Coefficients 
Li 

Energy 
(•V/aau) A0 Al A2 A3 A4 A5 A6 

10000. -3.06784E+01 -1.83367E-01 -1.08562E-01 -5.42037E-02 -2.28601E-02 -6.74194E-03 -2.90897E-04 
20000. -3.3O630E+01 7.SO86OE-02 6.65S4SE-02 2.87114E-02 -2 .24836E-03 -1.23958E-02 -1.01177E-02 
30000. -J.54800E+01 4.0K73E-01 2.16479E-01 7.71491E-02 1.07563E-02 -8.06147E-03 -8.04622E-03 
40000, -3.62976E+01 2.18893E-01 1.57718E-01 9.39441E-02 4.47005E-02 1.42990E-02 -8.03805E-04 
60000. -3.68192E-MJ1 1.63206E-02 1.40921E-02 1.21S89E-02 9.29880E-03 6.22735E-03 4.24079E-03 
80000. -3.71186B*01 -1.O9657E-01 - 8 . 0 5 4 1 4 f - 0 2 -4.26549E-02 -1 .26465E-02 3.18261E-03 7.94923E-03 

100000. -3.85227E+01 -2.71037B-02 -1.31775E-02 -4.13455E-03 -5.0S274E-04 3.90860E-04 4.43S2JE-04 

S«e appendix for Chebyshev f i t de ta i l s . 
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Li + He+ ->He + Li + 
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Electron Capture Cross Sections for 
Be* • Be* -> He + He 2* 

Energy velocity Cross Section 
(eV/a»u) (cs/s) (cm1) 

1.5E+04 1.70E+08 1.95E-18 
2.0E+04 1.96E+0B 3.25E-18 
3.0E+04 2.41E+C8 6.28E-18 
4.0E+04 2.78E+08 9.44E-18 
5.0E+04 3.11E+08 1.22E-17 
6.0E+04 3.4CE+08 1.4SE-17 
7.0E+04 3.68E+06 1.64E-A7 
9.0E+04 4.17E408 1.88B-17 
1.0E+05 4.39E+08 1.90E-17 
1.5E+05 5.38E+08 1.73E-17 
2.0E+0S 6.21Et08 1.42E-1? 
2.3E-MJ5 6.66E+08 1.24E-17 

References; 69, 277, 278, 283, 284 

Accuracy: 20% 

Bote: (1) Good agreement of tbe experimental data exists with the tbeocetical data of Ref. 
284. 

For a Chebyshev fit of the above cross sections it is necessary to use tbe following parameters. 
Egin - 1.5E+04 eV/aau, Z9tI - 2.3E+05 eV/aau 

Chebvshev Tit ina Paraaieters for Cross Section* 

AO Al A2 A3 A* A5 A6 A7 AS 
-78.6559 .981266 -.533866 -.0667013 .0133417 .00898626 .00154609 .00128923 -.00693562 

The f.t represents the above cross sections with an ra* deviation of 0.3%. 
The asxinus) deviation iu 0.6% at 1.0E+05 eV/aau. 
See appendix for Chebyshev fit details. 
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He* + He* - > He + He 2+ 

Cross Section vs. Energy 
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Electron Capture Bate Coefficients for 
He* + He* -> He • Be 2* 

Haxvellian - HaKvellian Bate Coefficients (ca3/s) 

He* 
Teap. 
<ev) 

Equal 
100C0. 12000. 

Be* reap. (eV) 
14000. 16000. 18000. 20000. 25000. 

4.0B+03 
6.0E+03 
S.0E+O3 
1.0E+O4 
1.2E+04 
1.4E+04 
1.6B+C4 
1.8B+04 
2.68+04 
2.2E+04 
2.4E+04 

S.29B-13 
9.94B-12 
3.S0B-11 
8.08E-11 
1.43E-10 
2.19B-10 
3.08E-10 
4 .07S-10 
5.14E-10 
6.28E-10 
7.49B-10 

2.06E-11 
3.60B-11 
5.61E-11 
8.08B-11 
1.10E-10 
1.43B-10 
1.7SE-10 
2.19E-10 
2.62E-10 
3.08E-10 
3.56E-10 

3.60E-11 
5.61E-11 
8.08E-11 
1.10E-10 
1.43E-1Q 
1.79E-10 
2.19B-10 
2.C2B-10 
3.08E-10 
3.56E-10 
4.07B-1 

5.61E-11 
B.08E-11 
1.10E-10 
' . 43B-10 
1.79B-10 
2.19E-10 
2.62E-10 
3.08E-10 
3.'>6E-10 
4.07E-10 
4.60E-10 

8.08E-11 
1.10E-10 
1.43E-10 
1.79E-10 
2.19B-10 
2.62E-10 
3.08E-10 
3.56B-10 
4.07E-10 
4.60E-10 
5.14E-10 

1.10E-10 
1.43E-10 
1.79E-10 

.19E-10 

.62B-10 

.08E-10 

.56B-10 

.07E-10 

.60E-10 

.14E-10 

.71B-10 

1.43E-10 
1.79E-10 
2.19B-10 
2.62E-10 
3.08B-10 
3.56B-10 
4.07E-10 
4.60E-10 
5.14B-10 
5.71E-10 
6.28E-10 

2.40E-10 
2.85B-10 
3.32E-10 
3.81E-10 
4.33E-10 
4.87E-10 
5.42E-10 
5.99B-10 
6.5BE-10 
7.18E-10 
7.80E-10 

Rotes: For Chebysliev f i t s of t h e above r a t e c o e f f i c i e n t s i t i s necessary t o use the f o l l o w i n g parameters 

E.in 4.0E+03 eV, Eg,,, - 2.4E+04 eV 

Chebvshev F i t t i n g Faraaeters for Bate C o e f f i c i e n t s 
He* 

Teap. 
(«V) A0 Al A2 A3 A4 A5 A6 

10000. -4.64541E+01 1.43962E+00 4.63030E-02 -1.49060E-02 -2.30149E-04 2.44855E-04 -4 .28539E-05 
12000. -4.579638*01 1.22412E+00 6.317S7E-02 -1.13S59E-02 -6.21329B-04 1.52187E-04 1.97060E-04 
14000. -4.52461E+01 1.05998E+00 7.J7125E-02 -8.34828E-03 -9.77820B-04 2.30920E-04 - 9 . 5 K 5 7 E - 0 6 
1(000. -4.47759B+01 9.31470B-01 7.53759E-02 -5.93773E-03 -1.18832E-03 1.95011E-04 -1 .89337B-04 
18000. -4.43672E+C1 8.28548E-01 7.61027B-02 -4.06263B-03 -1.22968E-03 -1 .52699E-05 -1 .37761E-04 
20000. -4.4OO69E+01 7.44390B-01 7.51176B-02 -2.63629E-03 -1.17745B-03 -2.47636E-04 7.S4863E-05 
25000. -4.32601B+01 5.88552E-01 7.03346E-02 -1.20370B-04 -1.13108B-03 1.84062E-04 -1 .45794E-04 
. Teap. -4.76973E+01 3.306798*00 -5.53811E-01 9.53225E-02 -1.30960E-02 6.76109B-04 1.60674E-04 

See appendix for Chebyshev f i t d e t a i l * . 
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He* + He* - > H e + He 2+ 

Maxwellion - Maxvveliian 

He* Temp. 

(eV) 

A = 10000. 

Recomm*".ded 
Data 

Chebyshev Fit 

Equal Temp. 

10' 
He* Temp. (eV) 
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Partiel and Total Electron Capture Cross Sections for 

HeT 

Ke 2* He* HeT Be 2* 
(Par t ia l ) 

Energy Cross Sect ion 
est* eV/aani 

Cross Sect ion 
est* 

7.0E+00 3.04E-17 
1.0E+01 4.02E-17 
1.5E+01 7.57B-17 
2.0E+01 2.00E-16 
2.5E+01 2.98E-16 
3.0E+01 3.48E-16 
4.0E+01 4.04E-16 
6.0E+01 4.4SE-16 
7.0E+01 4.55E-16 
1.0E+02 4.79E-16 
2.0E+02 4.84E-16 
4.0E+O2 4.64E-16 
7.0E+C2 4.38E-16 
1.0E+03 4.19E-16 
2.0E+03 3.76E-16 
4.0E+03 3.2BE-16 
7.0E+03 2.83E-16 
l.OE-tM 2.S2E-16 
1.6E+04 2.07E-16 

He' 
(Total) 

Energy Cross S e c t i o n 
c a 2 eV/aau 

Cross S e c t i o n 
c a 2 

8.SE+00 3.39E-16 
..OE+01 4.09E-16 
1.5E+01 C.01E-16 
2.0E+01 S.99E-16 
4 . O 0 1 7.77E-16 
7.0E+01 7.80E-16 
1.0E+02 7.66E-16 
2.OE+02 7.16B-16 
4.0E-»b2 6.64E-16 
7.OE+02 6.13E-16 
1.0E+03 5.75E-16 
2.0E+03 5.01E-16 
4.0E+02 4.30E-16 
7.OE+03 3.76E-16 
1.0E+04 3.23E-16 
2.0E+04 2 .03E-1* 
4.0E+04 1.01E-16 
7.0E+04 4.S0E-17 
1.0E+05 2.65E-17 
1.5E+05 1.33E-17 
2.0E+05 6.34E-18 
2.SEMJ5 2.83E-18 
3.0E+05 1.27E-18 

References: 69, 288, 391, 392, 393 
Accuracy? unknown 
Botes: (11 In the aeasureaents a problea arises froa the autual repulsion between the He* and 

a*2*. The repulsion results in scattering with sooe of the ions not reaching the 
detector which has a finite acceptance angle. These aeasureaents are tetaed partial 
cross sections. 
(2) The total croar. section data are froa theoretical values in Bef. 288 and 391. The 
theoretical data has been joined with a saooth curve between 6xl03 and 10 s eV/aau. 
(3) For this siaple one electron, resonant syste*, the theoretical data should be 
accurate to within 20%. 

Por Chebyshev fits of the above cross seci-ionr it in necessary to use the following partaeters. 

JTctal) l £ i n -
7.1E+00 eV/aau, 
8.SB*00 eV/aau, %S 

1.6E+04 eV/aau 
3.0E+0S eV/aau 

Chebyshev Pitting Parameters for Cross Sections 

A0 Al A2 A3 A4 A5 A6 A7 AS 
(Partial! -72.2134 .725003 -1.00558 .400148 -.150634 -.0556029 .119500 -.118086 .0830868 
(Total) -72.8308 -2.29484 -1.54555 -.441776 -.328931 -.00327441 -.0709033 -.0333345 -.0595299 

The ft represents the partial cross section with an ras deviation of 7.4%. 
The sexiaua deviation is 25.2% at 1.56*01 eV/aau. 

The fit represents the total :roas section with an rue deviation of 
The maximum deviation it 5.6% at 7.CB+04 eV/aru. 

2.8%. 

See appendix for Chebyshev (it detail*. 
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He + He* - > He* + He 2+ 

Cross Section vs. Energy 

-v-tt 

Recommended 
Ooto 

Chebyshev Fit 

icr icy 
Energy (eV/arnu) 
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Single Electron Capture Croaa Section* for 

* B 

Energy Ccoas S e c t i o n 
eV/aam c . 2 

4 .7E-01 1.B2E-13 
S.OE-fil 1 .72E-13 
C.BC-B1 1.S2B-13 
•.es-ai 1.30E-13 
1.0E+O4 1.17E-13 
2.0E«0O I . 9 0 E - 1 4 
3.0E+00 7.7BX-14 
4.9E«00 7 .13B-14 
C.OE+OO C.44E-14 
6.9E+90 C.B1E-14 
1.0E+01 5 .79E-14 
2.9E+01 5 .31B-14 
3.0E+01 S . M B - 1 4 
5.0E+01 4 .77E-14 
B.OE+01 4 .S5E-14 
l . « E « 0 2 4 .43E-14 
2.0E+O2 4 .12E-14 • 
4.0E+O2 3 .73E-14 
7.0E*O2 3 .44E-14 
1.0E*O3 3 .22E-14 
2.0E+O3 2 .79B-14 
3.0E+03 2 . 5 0 S - 1 4 

b c : * * B~ -> Be* •» B 
Be* • B~ -> Be + B 

Be* • B" 
Energy Croaa S e c t i o n 
aV/aan c 2 

4.2E+01 3 .03E-14 
S.0E+O1 2.1BE-14 
t.OE+Ol 1.S3B-14 
7 .0E+01 l.CCB-14 
B.OE*01 l .SCE-14 
1.0E+02 1.4CE-14 
1.5E«02 1 .40E-14 
2 .3B+02 1.37B-14 
3 .0E+02 1 .32E-14 

. , . 9E+«2 1 .30E-14 
5.0E+O2 1.2EE-14 
7 .0S+02 1.24E-14 
1.0E+03 1 .19E-14 
2 .0Z403 9.7BE-15 
3 .0S+03 7.E9K-1S 
4.0C+03 C.OeE-lS 
5.0E+O3 4 .40E-1S 
7.0E+03 2 .43E-15 
7 .7E+03 2. i*lE-15 

Bef trance*: (Ba* * B~) «», 292, 293, 394 ; (Be 2* • B~) 69, 290, 291, 294 

Accaracyi (Be* • B") - 20%; (Ha 2* • S") - 40% 

Botaat (1) In tba energy region of overlap, the Be 2 * • B" croaa aecticoa of Terao at al (raf. 
290, 291) ara coasiatemtly greater than thoae of tha bolder and Paart group <twf. C9, 
294) . 
(2) Tba aeaaureaenta indicata eone atractura in th* croaj aectlons for both tba Be* and 
Be 2 * react iona. Tfcie oac l l l a t i on baa baan anoothad oat in the data presented here. 

Por Cheeyahev f i t a of tba above croas aectlona i t ia necetesry t o via tba following paraaetera. 

(Be 2* • E") 
(Be* • B - ) 

*»in 
t»in 

4.7E-01 av/anu, tfm% 

4.2E+01 eV/aao, t u a M 

3.0C+O3 eV/law 
7.71+03 t V / i u 

A0 

Cbabvabav fitting Parawetera for Ctoaa taction* 

Al A2 A3 A4 AS A* A7 At 

(Be2* • P") -41.00*7 -.955510 .155097 -.12*012 .0124474 -*.401311-04 -'.30771E-04 -.00*3*24* .00*15254 
(Be* • B") -*4.491S -.95919* -.2*9411 -.331423 -.00745957 -.0(11579 .0257220 -.0939*428 .01135*1 

Tha fit represent* tha Re 2* • «' croaa aactlon with an rns deviation of 0.4t. 
Tha nasieua daviatlon i* 0.1% at 5.0E-01 *v/a*u. 

The fit represent* th* Ra* • W cot* **tr Ion villi an rn* <Uvi»ti'n of O.C'.. 
The Mniaua deviation 1* ). : • at 1.0E»02 «V/.i«u. 

8*e appendix for Chabyshtv fit detail*. 
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<<j-l>* Heq* + H~ - > He*""* + H (q=1,2) 

Cross Section vs. Energy 

<-I2 

Recommended 
Goto 

Chebyshev Fit 

KT 10' itf ](f 
Energy (eV/amu) 
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Electron Capture Cross Sections for 
Be 2* • B -> Be* • B* 

Energy Velocity Cross Section 
(eV/aau) (ca/s) (ca2) 

7.0E+01 1.16E+07 1.25E-20 
1.0E+02 1.39E+07 2.20B-19 
2.0E+02 l.MB»07 3.10E-18 
4.0B+0< 2.78B-HP 1.90B-17 
S.OE+02 3.11E+07 3.24E-17 
7.0E+02 3.68E+07 8.67E-17 
1.0E+03 4.39E+07 l.S7b-16 
2.0B+03 6.21E+07 5.96E-16 
4.0E+03 S.79E+07 9.74E-16 
7.0E+03 1.16B+08 1.18E-15 
1.0E+04 1.39E+08 1.22E-1S 
2.0E+04 1.96E+08 1.09B-15 
4.0E+04 2.78E+08 5.28E-16 
7.0E+04 3.68E+08 1.59E-16 
1.0E+05 4.39E+08 5.23E-17 
2.0E+05 6.21E+08 4.63E-18 
4.0E+0S 8.78H-08 2.64E-19 
5.0E+05 9.82E+08 1.1SB-19 

References:5. 7, 21, 22, 23, 24, 25, 57, 58 

Accuracy8 He 2* E < (00 eV/aau - unknown; Re 2* E > €00 eV/a«u - 20% 

Botes: (1) At energies less than 2 (.ev/aaui the result* of Fite et si. (Kef. 5) and Nutt et 
al. (Bef. 23) diverge by as much as a factor of 10. This is believed to be due to 
the fact that the reaulta reported by Fite et al. ware obtained by measuring the alow iona 
produced in the colliaion. dnd are lesa reliable than those of Nutt et al at low energies. 
(2> No experimental data exist below 500 ov/amu. Cress sections below 500 eV/amu were 
taken from calculations of Ref. 57 and 58 usino aul.i-state close coupling Methods. 

For a Chebyshev fit of the above cross sections it i* necessity to use the following parameters. 
E^,, - 7.0E+01 cV/aau, E M , » 5.0E+0S eV/aau 

Chcbyshev Fitting Parametert for Cross Sections 

A0 Al A2 A3 A4 A5 A6 A7 A8 
-78.397< .773499 -5.12346 -.125575 -.232331 .261317 -.0479652 .189434 -.138708 

The fit represents the above crosc sections with an raa deviation of 3.98, 
The maximum deviation is 7.6% at 5.08+02 eV/amu. 
See appendix for Chebyshev fit details. 
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He2 + + H - > He* + H* 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 

Energy (eV/omu) 
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Electron Capture Rate Coeffi-:ient« foe 
Be* ! + + H -> He* • a* 

Haxwelli«n - Maxwelliao Rate C o e f f i c i e n t s ( c a 3 / s ) 

He 2 * 
Tesp. Equal B Teap. (eV) 
(eV) Teap. 10 . 100. 5C0. 1000. 5000 . 10000. 20000. 

2.0B+01 6.2BE-13 4 .125-14 1.22E-10 7.36E-09 2.36B-08 1.14B-07 1.47E-07 1.42E-07 
4.0E+01 l . C * B - l l 2.09E-13 1.42E-10 7.S0E-09 2.38E-08 1.14E-07 1.47E-07 1.42E-07 
7.0E-MU C.86E-U 9.71B-13 1.74E-10 7.72E-09 2.40B-08 1.14E-07 1.47E-07 1.42E-07 
1.0E+02 2.10E-10 2.70B-12 2.10E-10 7 .948-09 2.43E-08 I .14E-07 1.47E-U/ 1.42E-07 
2.0E+02 1.49E-09 1 . 9 7 E - U 3.63E-10 B.C8E-09 2.51E-08 1.14E-07 1.47B-07 1.42B-07 
4.0B+02 7.21E-09 1.42E-10 8.23E-10 1.02B-08 2.C8E-08 1.15E-07 1.47E-07 1.42E-07 
7.0E+02 1.92E-08 C.C3E-10 1.89B-09 1.26E-08 2.93B-08 1.16B-07 1.47B-07 1.42E-07 
l.QE+03 3.18E-0B l.CSB-09 3 .372-09 1.50E-08 3.18E-08 1.17E-07 1.47E-07 1.42E-07 
2.OE+03 6.8OE-08 7.50E-09 1.02E-08 2.34E-08 3.99B-08 1.19B-07 1.48E-07 1.41E-07 
4.02+03 1.13E-07 2.38E-08 2.6SE-08 3.99E-03 S.48E-08 1.25B-07 1.49B-07 1.40E-07 
7.0E+03 1.43E-07 4.78E-08 5.05E-08 6 . U E - 0 8 7.40E-08 1.31B-07 J.49E-07 1.39B-07 
1.0E+04 l ,50E-07 6.83E-08 7.05E-08 7.97E-08 8.98E-08 1.3SE-07 1.S0B-O7 1.37E-07 
2.0E+04 1.32E-07 1.14B-07 1.1SE-07 1.19B-07 1.2SE-07 1.47B-07 1.49E-07 1.32E-07 

Notes: Foe Chebyshev f i t s of tb« t above t u t c o e f f i c i e n t s i t i s necessary t o use t h e fo l lowing paraaet* 

* . i « " 2.0E+01 eV, B_.» « 2 . 0E*04 eV 

E 
Teap. 
(«V) AO 

Chebvahev P i t t i n g Paraaeters for Bate C o e f f i c i e n t s 

Al A2 A3 M AS AC 

10 . 
100. 
500. 

1000. 
5000. 

10000. 
20000. 

-4.49742E+01 
-3.94867E+01 
-3.54181E+01 
-3.40218E+01 
-3.18356E+01 
-3.1454<E+01 
-3.15643E+01 

Equal Teap. -3.992028+01 

78326E+00 
76780E+00 
44543E+00 
22262E-01 
1C10SE-01 
12080E-02 
69513E-02 
041318+00 

-1.00928E+00 
4.07631E-01 
4.43041E-01 
3.19564E-01 
5.74535B-02 
3.7S804E-03 

-1.49O52E-02 
-1.99447E+00 

-3.9574CE-01 
-4.05432E-01 
-3.74033B-02 
2.78848E-02 
1.S2669E-02 

'1.0021CE-03 
-8.31717E-03 
9.39S12E-02 

8.29111E~02 
-7.75944E-02 
-7.53578E-02 
-3.66721E-02 
-1.09084E-03 
-2.02657E-03 
-3.31404B-A3 
1.34081E-02 

18952E-02 
09541E-02 
52405E-02 
86208E-02 
28086E-03 
36406E-03 
08242E-03 

-1 .22695E-02 

5.49793E-03 
1.07817E-02 
7.25877E-03 

-1.776S8E-03 
-1 .76834E-03 
-8 .16274E-04 
-2.94451E-04 
-2 .34071E-02 

See appendix for Chebyshev f i t d e t a i l s . 
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rie2+ + H - > He* + H* 

Maxwellian - Maxwellian 
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B = 2 0 0 0 0 . 
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Electron Capture Rate Coefficients for 
H + Be 2+ -> He T • H* 

Beaa - Haxvellian Kate Coefficients (CB 3 / S ) 

He* r 

Texp. H.Energy (eV/aau) 
(eV) 10000. 20000. 40000. 70000. 100000. 200060. 400000. 

1.0E+00 1.S9E-07 2.14E-07 1.46E-07 5.84E-08 2.30E-08 2.88E-09* 2.32E-10** 
2.>E+00 1.C9E-07 2.14B-07 1.46B-07 5.83E-08 2.30E-O8 2.87E-09* 2.32B-10** 
4.0B+00 1.69E-07 2.13E-07 1.46B-07 5.33E-08 2.30B-08 2.87E-C9* 2.32E-10** 
7.0E+00 1.69S-07 2.13E-07 1.46E-07 5.33B-08 2.30E-08 2.87E-09* 2.32B-10** 
1.0B+01 1.69B-07 2.13E-07 1.46E-07 5.82E-08 2 .30B-08 2.87E-09* 2.32B-10** 
2.0B+01 1.69E-07 2.12E-07 1.4CE-07 5.B2E-08 2.29E-08 2.87E-09* 2.32B-10** 
4.0E+01 1.C9E-07 2.12E-07 1.45E-07 5.81E-08 2 .29B-08 2.87E-09* 2.32E-10** 
7.0E+31 J.C9E-07 2.11E-07 1.45E-07 5.80E-08 2.29B-08 2.87E-09* .*.328-10** 
1.0B+02 1.6BE-07 2.10E-07 1.44E-07 5.79E-08 2.29B-08 2.87E-09* 2 .328-10** 
2.0E+02 1.C8E-07 2.09F-07 1.44E-07 S.77B-08 2 .29B-08 2.87E-09* 2.33E-10** 
4.0E+02 1.88E-07 2.07E-07 1.42E-07 5.75E-08 2.30E-08 2.87B-09* 2.33L-10** 
7.0E+02 1.68E-07 2.04B-07 1.41E-07 5.73E-08 2.30B-OS 2.87B-09* 2.34B-10** 
1.0E+03 1.67E-07 2.03E-07 1.40E-07 S.72B-08 2.31E-08 2.87E-09* 2 .358-10** 
2.0B+03 1.67E-07 1.98E-07 1.28E-07 5.71B-08 2.34B-08 2.89E-09* 2.37E-1C** 
4.0E+03 1.C7E-07 1.92B-07 1.3SB-07 S.74B-08 2.43E-08 2.94E-09 2.41B-10** 
7.0E+03 1.66E-07 1.84E-07 1.32E-07 5.79E-08 2.48B-08 3.02B-09 2 .468-10** 
1.0E+04 1.6SE-07 1.78E-07 1.29E-07 5.C5B-08 2.S6E-08 3 .108-09 2.50E-10** 
2.0E+04 1.61E-07 1.62E-07 1.20E-07 5.95B-08 2.79E-08 3.45E-09 2.65E-10** 

Accuracys * - Possible Error Greater Than 108 
•* - possible Error Greater Than 100% 

Motesi For Cbcbyshev fits of the above rat* coefficients it is necessary to use tb* following parameters. 
Egj,, - 1.0E+00 eV, ! „ , • 2.06*04 eV 

Chebvshev fitting Paraaeter* for Rate Coefficients 
B 

Energy 
(tV/aau) A0 Al A2 A3 A4 AS A< 

10000. -3.12062E+01 -1.74693E-02 -8.09939E-03 -4 .737078-03 -3 .77313B-03 -2.52S73B-03 -1.15127E-03 
20000. -3.085558+01 -1.09982E-01 -5.81296E-02 -2.43325E-02 -9.22165E-03 -3.4574OE-03 -1.2642CC-03 
40000. -3 .15751E*0: -7.970?9E-02 -4.01409E-02 -1 .650108-02 -6.97466E-03 -3.39246E-03 -1 .781708-03 
70000. -3.33202E+01 3.43964E-04 1.03619E-02 9.16031E-03 3.80S11E-03 1.91641E-04 -1.02S74E-03 

100000. -3.51051E+01 6.70775E-02 4.92944E-02 2.76338B-02 1.12857E-02 2.98288E-03 1.234878-05 
200000. -3.92778E+01 5.41764B-02 4.43064B-02 2.88380E-02 1.56821E-02 4.C8430E-03 2.77940E-03 
400000. -4.43133E+01 4.82448E-02 3.15762E-02 1.67996B-02 7.00532E-03 2.75JS3B-03 5.24833E-04 

8ee appendix for Chebyshev fit details. 



A-93 

H + He2* ->He* + H* 

Beam — Maxwellian 

10 .-6 
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H Energy 

(eV/omu) 

A = 10000. 

x = 2 0 0 0 0 . 

v = 4 0 0 0 0 . 

x = 7 0 0 0 0 . 

© = 100000. 

B = 200000. 

j a = 4 0 0 0 0 0 . 

Recommended 
•Data 

z Chebyshev Fit 

10° 10' 102 10 3 10 4 icf 
He:* Temp. (eV) 



A-94 

Electron Capture Cross Sections for 
Be 2* + H, -> He* 

Energy Velocity Cross Section 
(eV/aau) (ca/s) (c«2) 

1.4B+02 l .ME+07 3.70B-17 
1.7E+02 1.81E+07 5.83E-17 
2.0BV02 1.96E+07 7.31E-17 
2.6E+02 2.24B+07 8.77E-17 
4.0E+02 2.78E+07 1.07E-H 
7.06+02 3.68E+07 1.32B-16 
1.0E+03 4.39E+07 1.52E-16 
2.0E+03 6.21E+07 2.20E-16 
4.0E+03 8.79E+07 4.12E-16 
7.0B+03 1.16E+08 6.41E-16 
1.0E+O4 1.39E+08 8.01E-16 
2.0B+04 1.96E+08 1.07B-15 
4.0E+04 2.78E+08 7.23E-16 
7.0E-I04 3 . (86*08 3.J3E-16 
1.0E+05 4.39E+08 1 .39E-K 
2.0E+05 6.21E+08 1.46E-17 
4.0E+05 8.78E+08 1.02E-18 
7.0B+05 1.16E+09 9.04E-20 
1.0E+06 1.39E+09 l . O E - 2 0 

References: 7, 22, 23, 24, 90, 91, 92, 93, 94, 95, 101, 142 

Accuracy: 201 

For a Cheb/shev fiv of the above cross sections it is necessary to use the following parameters. 
E a ) i n > 1.4E+02 eV/aau, EmliX • 1.0E+O6 eV/aau 

Chebyshev fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 A5 AS A7 A8 
-76.3856 -3.05275 -3.4(462 -1.13751 .0(56712 .340(04 -.0(14851 -.0248706 -.0398477 

Th» fit represents the above cross sections with an ras deviation of 2.2%. 
The Kaxiau* deviation is 4.1* at 2.0E+03 eV/aau. 
Bee appeno.x for Chebyshev fit details. 



A-95 

He 2 + + H 2 - > He* 

Cross Section vs. Energy 

- . - H 
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•Doto 
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A-96 

Double Election Capture Cross Sections for 
He 2* • B 2 -> He • 2H* 

Energy Velocity Cross Section 
(eV/aara) (cs/s) <c»2) 

3.0E+O2 2.41E+07 3.68B-17 
4.0B+02 2.78E+07 «.05E-17 
S.6E+02 3.29E+07 7.02B-17 
7.0E+02 3.68E+07 6.63E-17 
1.0E+03 4.39E+07 4.70E 17 
2.0B+03 6.21E+07 1.34E-i7 
2.7E-03 7.22E+07 1.20E-1V 
4.0B+03 8.79B+07 1.56E-17 
7.0E+03 1.16E+08 2.75E-17 
1.0B+04 1.39E+08 3.74B-17 
2.0E+04 1.96E+C8 5.51E-17 
2.3E+04 2.11E+08 5.71E-17 
4.0E+04 2.78E+08 3.84E-17 
7.0E+04 3.68E+0S 9.91E-18 
1.0E+05 4.39E+08 3.33E-18 
2.0E+05 6.21E+08 1.62E-19 
3.7E+05 8.45B+08 3.88E-21 

Referencesi 7, 22, 27, 90, 91, 92, 93, 94, 95 

Accuracy; E < 2.5xl03 eV/aau - unknown; 2.5xl03 ev/aau < E < 1x10s cV/aau - 40%; E > 1x10s 

ev/aau - 50% 
r 
• For a Cheb^«hev fit of the above cross sections it is necessary to uae the following parasteters. 
£,£„ - 3.0E+0* eV/axuj, Eutx - 3.7E+05 ev/aau 

Ch«t>Y»h*Y Pitting PtHMtttf tit Croaa SK%i9M 

A0 Al A2 A3 A4 A5 A6 A7 A8 
-79.5999 -3.55036 -2.20554 -1.45406 -.357248 .498461 -.146918 -.0680202 .0918861 

Tba fit represents the above cross sections with an ras deviation of 6.8%. 
The Mxi»u» deviation ia 12.8% at 2.0B+03 aV/a*u. 
See appendix for Chebyshev fit details. 



A-97 

He2* + H2 - > He + 2H* 

Cross Section vs. Energy 

>-'« 

Recommended 
Doto 

Chebyshev Fit 

10? 103 10* 1# 
Energy (eV/amu) 



A-98 

Electron Capture Croas Section* fcr 
Be** • Be -> Be* • He* 

Energy Velocity Cross Section 
(eV/asn) (ca/s) 1cm2) 

2 .41 -04 2-156+04 1 . 2 9 1 - 1 * 
4.0E-04 2.7SK+04 9 .33E-19 
1.0E-03 4.39E+04 S.95E-19 
4 .08 -03 0.79E+04 3 .01E-19 
1 .OE-02 J.39E+0S 1.90E-19 
4.0E-02 2.79E+05 • - 1 U - 2 C 
1.0E-01 4.39E+0S 5.2<E-20 
4 .0E-01 0.79E+05 3 .05E-20 
7.0E-01 1.1(E«0( 2 .54E-20 
1.01*00 1.39E+04 2 .29E-20 
1.CE+00 1.7(E*0( 2 .21E-20 
4.0E+00 Z.7tE*0C 3.CCE-20 
1.0E+OI 4.39E+04 1.07E-19 
4.0E+01 I.79E+04 5 .15E-19 
1.0E+02 1.39E+07 1.44E-1E 
4.0E+02 2.70E*C7 « sor-io 
1.0E+03 4.39E+07 1.7SE-17 
4.0E+03 0-79E+O7 C.42E-17 
1.0E+04 1.39E+0I 1 . 5 2 E - K 
2.0E*04 l . M E « 0 t 2 . 7 2 E - U 
4.0E*04 2.70E+0* 3.03E-1C 
7.0B»04 3.09E+0I 1.09E-16 
1.0E+05 4.39E+0I l . U E - K 
4.0E+05 •.70E+OI 3 .94E-10 
7.0E+05 1.ME409 3.C1E-19 
l.Ofc+04 1.39E+09 ( . 99E-20 
2.OE40C 1.9«E+09 3 .33E-21 

[references: 90, 9 1 , 92 , 94, 97, 117, 140, 141, 142, 143, 144, 145, 14C, 147, 140, 149, 2 (5 , 
2(4 , 202 

Accuracy: E < 250 eV/aau - aee notes( E > 250 ev/aau - 20% 

statest ( I ) The data (or energies laaa than 250 eV/aau have been obtained using the theoret ical 
results of Cohen and Bardeley (Ref. 149) . Proa 250 eV/aau the data have Men 
extrapolated down to 2.5 eV/aau to jo in saoothly with the theoret ical reao l ta . 
(2) johnaon et a l , («ef. 2(5) have swaaurad tha rata coeff ic ient to be 4 . 0 i l 0 " 1 4 c a 1 / * 
at a teaperatur? of 300 I . 
(3) Theoretical valuea of the rate coef f ic ient of sardaley et a l . (Ref. 2 ( ( ) arai 
T-100 I , k - 4 . 4 3 s l 0 ' 1 4 ca 3 /a> 300 K, 4 . 2 4 » 1 0 - 1 4 e a ' / a ; (00 I , 4 . 0 2 i l 0 " 1 4 c a ' / s i 1000 R, 
3 .79»10* 1 4 e a V s j 3000 « , 3 . 2 5 » 1 0 " u c a J / s . 

ror a Chebyahev f i t of tha nbove croas sections i t is necessary to oaa the following paraaetere. 
E a i i n • 2.4E>04 ev/aau, { „ , • 2.0E*0( eV/aau 

Chebyshav f i t t i n g Paraaeteti for Croaa Sections 

A0 Al A2 A3 A4 A) A( A7 A( 
-03 .5447 .751*2 ) - .673803 - 3 . ( 1 0 0 0 -2 .02719 - , ) 4 ( 1 » ( .0237951 - . 0 7 1 « 3 9 ( .241993 

Tha f i t rapresanta the above croaa sactlons w i t h an raa d e v i a t i o n of ) 9 . 9 t . 
The aesiaua d e v i a t i o n i s 52.71 a t 2.0E+00 eV/anu. 
tea appendix for Chebyahev f i t d e t a i l s . 



A-99 

He2* + He - > He* + He* 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 

10"4 10"3 10~2 10"' 10° 10' 102 103 104 10* 106 107 

Energy (eV/amu) 



A-100 

Electron Capture Rate C o e f f i c i e n t s for 
He 2+ • Be -> Be • He 

Haxvel l ian - Haxvel l ian Rate C o e f f i c i e n t s (ca^/s) 

Be 2 * 
Tesp. f.jual 
(eV) Tesp. 100. 500. 

Be Te»p. (eV) 
1000. 5000. 10000. 20000. 

1.0E+00 
2.0E+00 
4.0E+00 
7.0E+00 
1 .0FO1 
2.0E+01 
4.0E+Q1 
7.0E+01 
1.0E+02 
2.0E+02 
4.02+02 
7.0E+02 
1.0E+03 
2.CE+03 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+Q4 

3.0SE-14 
4.41E-14 
9.66E-14 
2.21E-J3 
3.88E-13 
1.19E-12 
3.*»B-12 
9.V2E-12 
1.62E-11 
4.94E-11 
l.soe-io 
3.52E-10 
S.98E-10 
1.63E-09 
4.40E-09 
9.66E-09 
1.55E-08 
3.28E-08 

3.05E-14 
3.61E-14 
5.44E-14 
9.66E-14 
1.53E-13 
4.20E-13 
1.24E-12 
3.03E-12 
5.38E-12 
1.63E-11 
4.96E-11 
X.21E-10 
2.12E-10 
5.98E-10 
1.63E-09 
3.64E-09 
6.04E-09 
1.55E-08 

5.38E-12 
S.46E-12 
5.64E-12 
5.90E-12 
6.17E-12 
7.11E-12 
9.12E-12 
1.25E-11 
1.62E-11 
3.11E-11 
7.08E-11 
1.50E-10 
2.45E-10 
6.42E-10 
1.69E-09 
3.7XE-09 
C.13E-09 
1.58E-08 

7.10E-11 
7.13E-11 
7.17E-11 
7.24E-11 
7.31E-11 
7.54E-11 
8.01E-11 
8.74E-11 
9.48E-11 
1.21E-10 
1.80E-1C 
2.79E-10 
3.91E-10 
8.28E-10 
1.93E-09 
4.01E-09 
6.47E-09 
1.59E-08 

2.12E-10 
2.12E-10 
2 . i3E-10 
2.14E-10 
2.15E-10 
2.18E-10 
2.25E-10 
2.35E-10 
2.45E-10 
2.79E-10 
3.52B-10 
4.71E-10 
5.98E-10 
1.08E-09 
2.25E-09 
4.40E-09 
6.91E-09 
1.64E-08 

2.2SE-09 
2.25B-09 
— 2SE-09 
2.25E-09 
2.26E-09 
2.2CE-09 
2.27E-09 
2.29E-09 
2.31E-09 
2.38E-09 
2.51E-09 
2.71E-09 
2.92E-09 
3.64E-09 
5.20E-09 
7.80E-09 
1.06E-08 
2.03E-08 

6.04E-09 
6.04E-09 
6.04E-09 
6.05E-09 
6.0SE-09 
6.06E-09 
6.07E-09 
6.10E-09 
6.13E-09 
6.21E-09 
6 .382-09 
6.C4E-09 
6.91E-09 
7.80E-09 
9.S6E-09 
1.25E-08 
1.55E-08 
2.4BE-08 

l .SSE-08 
1.5SK-08 
1.55E-08 
1.55E-C8 
1.55E-08 
1.55E-08 
1.55E-08 
1.55E-08 
1.56E-C8 
1.57E-08 
1.59E-08 
1.61E-08 
1.64E-08 
1.74E-08 
1.93E-08 
2.21E-08 
2.48E-08 
3.28E-08 

Notes: For Chebysbev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o use t h e fo l lowing parameters 

e.m l.CE+00 eV, 2.0E+04 eV 

Chebvshev F i t t i n g Paraaeters for Rate C o e f f i c i e n t s 
Be 

Teap. 
leV> >0 M Ki. M A4 A5 AS 

1. -5.01963E+C1 6.98068E+00 4.23808E-01 -3.99615E-01 1.34075E-01 -2 .04534' i -02 -6.31634E-03 
IOC. -4.CM98E+01 4.09338E+00 1.25172E-MJ0 -1.33442B-01 -1 .61511E-01 2.9364JE-02 3.24079E-02 
500 . -4.342266*01 2.58703E+00 1.14624E+00 l . («058B-01 -1 .03603E-01 -4.97857E-02 9.07394E-03 

1000. -4.20905E+01 1.98401E+00 1.00005E+00 2.44794E-01 -4 .33832E-02 -5 .53954E-02 -1 .11309E-02 
5000. -3.87801E+01 8.37534E-01 5.45829E-01 2.27039E-01 4.75018E-02 -1.20021B-02 -1 .64614E-02 

10000. -3.72149E+01 S.46062B-01 3.51272E-01 1.61982B-01 4.68205E-02 1.29171E-03 -8 .13292E-03 
20000. -3.56466E+01 2.80620E-01 1.S5602E-01 9.16706E-02 3.15681E-02 5.20354E-03 -2.256C4E-03 

Equal Te»p. -4.86S72E+01 7.31907E+00 4.09101E-02 -2.98991E-01 1.03424E-01 -6.77656E-02 6.42732E-03 

See appendix for Chebyshev f i t d e t a i l s . 



A-101 

He 2 + + He - > He+ + He* 

Maxweliian - Maxwellian 
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A-102 

Electron Capture Bate Coefficients for 
Be • He 2+ -> He' • HeT 

Bean - Haxvellian Rate Coefficients (ca3/s) 

tsin 

H e i T 

Teap. He Energy (eV/aao ) 
(eV) 10000. 20000. 40000. ••oooo. 100000. 200000. SOOOOO. 

1.0E+00 2.50E-08 5.92E-08 8.41E-08 6.94E-08 4.87E-08 1.84E-08 1.49E-09 
2.0E+O0 2.1SE-08 S.40E-08 8.40E-08 6.94E-08 4.87E-08 1.84E-08 1.49E-09 
4.0E+00 2.11E-08 5.33E-C8 8.40E-O8 6.94E-08 4.87E-08 1.84E-08 1.49E-09 
7.0E+00 2.11E-08 S.33E-08 8.39E-08 6.93E-08 4.87E-08 1.84E-08 1.49E-CS 
1.0E+01 2.I1E-08 S.33B-08 8.39E-08 C.93E-08 4.87E-08 1.83E-08 1.49E-09 
2.0E+01 2 . U E - 0 8 5.32E-08 8.18E-08 C.92E-08 4.87E-08 1.83B-08 1.49E-09 
4.0E+O1 2.11B-08 5.31E-08 8.36E-08 6.92E-08 4.8CE-08 1.83E-08 1.49E-09 
7.0E+01 2 . U E - 0 8 S.30E-08 8.34E-08 6.91E-08 4.86E-08 1.83B-08 1.49E-09 
1.0E+02 2.12E-08 5.30E-08 8.3SE-Q8 6.90E-08 4.86E-08 1.83E-08 1.49E-09 
2.0E+02 2.13E-08 S.29E-08 8.29E-08 6.88E-08 4.8SE-0B 1.82B-08 1.49E-09 
4.0E+02 2.15E-08 S.28E-08 8.23E-08 6.8SE-08 4.84E-08 1.82E-08 1.50E-09 
7.0E+02 2.19E-08 5.27E-08 8.18E-08 6.82E-08 4.84E-08 1.81E-08 1.50E-09 
1.0E+03 2.22E-08 S.28E-08 8.13E-08 6.80E-08 4.83E-08 1.81E-08 1.50E-09 
2.0E+O3 2.3SE-08 5.31E-08 8.01E-08 6.74E-08 4.82E-08 1.80E-08 1.51E-09 
4.0E+03 2.60E-08 S.38E-08 7.84E-08 6.66E-08 4.80E-08 1.79E-08 1.53E-09 
7.0E-HJ3 2.93E-08 5.47E-08 7.63E-08 6.S6E-08 4.78E-08 1.78E-08 1.56E-09 
1.0E+04 3.22B-08 S.5SE-08 7.47E-08 6.47E-08 4.76E-08 1.78E-08 1.S8E-09 
2.0E+04 3.96E-08 S.70E-C8 7.03E-08 6.19E-08 4.68E-08 1.79E-08 1.67E-09 

For Cbebyshev f i t s of tbe above rate c o e f f i c i e n t s i t i s necessary t o use t h e fo l lowing p 
1.0E+00 eV, E - . . - 2.0E+04 eV 

Cbebvshev Pitting Parameters for Rate Coefficients 
Be 

Energy 
(tV/s»u) AO Al A2 A3 A4 A5 A« 

10000. -1 I.50304E+01 2.0*1816-01 1.92296E-01 4.56411E-02 4.15838E-02 -1.64172E-02 5.89475E-03 
20000. -2 1.34SQ2E+01 -1.6906SE-03 4.25743B-02 -4 .85577B-03 1.65855E-02 -1.02931E-02 4.9<34«B-03 
40000. -2 I.26729E+01 -7.16579E-02 -3.83983E-02 -1 .62201E-02 -5.97032B-03 -1.96773B-03 -5 .29171E-04 
70000. -: >.3021«E*01 -4.42089E-02 -2.40130E-02 -1 .09«82E-02 -4.S864SE-03 -2.288S9E-03 -1 .09577E-03 

loooeo. -2 >.3<938E«01 -1.54647E-02 -7.S0687E-03 -3.31747E-03 -1 .904718-03 -1.15084E-03 -7 .19346E-04 
200000. - : I.56481E+01 -1 .M738E-02 -3.50236E-03 1.52811E-03 2.39339E-03 1.00308E-03 6.34282E-04 
500000. - ' I.0604CE+01 3.82554E-02 2.68882E-02 1.S1307E-02 6.78931E-03 2.33434E-03 4.9507SE-04 

See appendix for Chebyshev f i t de ta i l s . 



A-103 

He + He2* - > He* + He* 

Beam — Maxwellian 

He Energy 

(eV/bmu) 

A =10000 . 

Recommended 
Data 

Chebyshev Fit 

id* id3 io" 
He2* Temp. (eV) 



A-104 

Doable Electron Capture Croaa Section* for 
He 2* • Be -> Be • Be 2* 

Energy Velocity Croaa Section 
(eV/aani) (cn/a) (cat2) 

7.0E+09 3.C8E+06 4.C2E-1C 
1.0B+C1 4.39E+06 4.40E-16 
2.0E+01 6.21E+06 4.10E-16 
4.0E+01 0.79B+OC 3.83E-16 
7.0E+01 1.16E+07 3.5E8-16 
1.0E+02 1.39B+Q7 3.44E-16 
2.0E+02 1.96E+07 3.19E-16 
4.0E+02 2.78E+07 2.80E-16 
7.0E+02 3.68E+07 2.62E-16 
1.0B+03 4.39B+07 2.44E-16 
2.0E+03 6.21E+07 2.10E-16 
4.0E-HI3 B.79E+Q7 1.73E-16 
7.0B+03 l.liE+OS l.UE-K 
1.0E+04 1.39E+OB 1.29E-16 
2.0E+04 1.96E+00 9.68E-17 
4.0E+04 2.70E+O8 6.08E-17 
7.0E+04 3.CSE+0S 2.73B-17 
1.0E+05 4.39E+Q* 9.83E-10 
2.0E+05 6.21E+O0 6.36E-19 
4.0E+0S 0.76E+00 2.09E-20 

Baferencesi 90, 91, 92, 94, 140, 144, 145, 140, 150, 151, 152, 153, 202 

Accuracy; 20* throughout the energy range 

BotfOf (1) The data below 100 ev/aani are theoretical data of reference 153 (Ferguson and 
Hoiaelwitacb). 

ror a Chebysbev f i t of the above croaa section! i t ia necessary to uae the following parameters. 
E a i n - 7.0E+00 ev/aau, tmAX » 4.0B«05 eV/aw 

Chebvshev f i t t ing Para—tars for Croaa S e c t i n a 

A0 Al A2 A3 A4 AS M A7 AS 
-75.3410 -3.70255 -2.164*7 -1.23460 -.590025 -.179613 .0)96927 .102760 .0774050 

The fit represents tba above cross sections with an ras daviation of 3.29. 
The aa*i*ua deviation ia 6.8% at 2.OE+04 aV/anu. 
See appendix for Chebyshev fit detalla. 



A-105 

He2* + He - > He + He2* 
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Double Elect ton Capture Rate Coefficients foe 
He 2* • Be -> Be + He 2* 

Maxwell ian - Maxwellian Rate Coefficients (ca3/s) 

B e " 
Teap. Equal Be Teap. (eV) 
teV) Teap. 1 . 100. 500. 1000. 5000. 10000. 20000. 

2.0E+00 5 .216-12 5.68E-13 2.92E-09 S.58E-09 7.14B-09 1.17E-08 1.38B-08 1.57E-08 
4.0B+00 1.3CE-10 1.94E-11 2.94E-09 5.58E-09 7.15E-09 1.17E-08 1.38E-08 1.57E-08 
7.08+00 S.25B-10 1.3CE-10 2.98B-09 S.60B-09 7.18E-09 1.17E-08 1.38B-08 1.57E-08 
1.0E+01 8.99C-10 3.22B-10 3.02B-09 5.61E-09 7.16E-09 1.17E-08 1.38B-08 1.57E-08 
2.0B+01 1.73E-09 9.54E-10 3.14E-09 5.C5E-09 7.19E-09 1.17E-0S 1.38E-08 1.57E-08 
4.0E+01 2.60E-09 1.76B-09 3.3CE-09 S.73E-09 7.24B-09 1.17E-08 J.38E-08 1.57E-08 
7.0E+01 3.36E-09 2.45E-09 3.65E-09 5.84E-09 7.31E-09 1.17B-08 1.38E-08 1.S7E-08 
1.0E+02 3.90E-09 2.90E-09 3.90E-09 5.95E-09 7.38B-09 1.17E-0B 1.38E-08 1.57E-0& 
2.0E+02 5.12B-09 3.91E-09 4.58E-09 C.30E-09 7.60B-09 1.18E-08 1.39E-08 1.57E-08 
4.0E+02 6.C0E-O9 5.12E-09 5.57E-09 6.88B-09 8.00E-09 1.19E-08 1.39B-08 1.58E-08 
7.0E+02 8.00E-09 8.30E-09 6.60E-09 7.60E-09 8.52E-09 1.21E-08 1.40E-08 1.S8K-08 
1.0E+03 8.97B-09 7.14B-09 7.38E-C9 8.18E-09 8.97E-09 1.22E-08 1.41B-08 1.58E-08 
2.0E+03 1.10E-08 8.97E-09 9.10E-09 9.60E-C9 1.01E-08 1.27E-08 1.43E-08 1.60E-08 
4.0E+03 1.31E-08 1.10E-08 1.11E-08 1.14E-08 1.17E-08 1.35E-08 1.48E-08 1.S1E-08 
7 . 0 E T 0 3 1.48E-08 1.27E-08 1.28E-08 1.29E-0C 1.31E-08 1.43E-08 1.53E-08 1.64E-08 
1.0E+04 1.S7E-08 1.38E-08 1.38E-08 1.39B-08 1.41E-08 1.50E-08 1.57E-08 1.66E-08 
2.0E+04 1.69E-08 1.57E-08 1.57E-08 1.58E-08 1.S8E-08 1.62E-08 1.66E-0B 1.69E-0B 

Motes: roc Chebysbev f i t s of the i above ra te c o e f f i c i e n t s i t i s neces sary t o use t h e fol lowing paraaeti 

* a i n " 2.0B-H)C 2V, E_,_ - 2 . 0E*04 eV 

Be 
Teap. 
(•V) A0 

Chebvshcv f i t t i n g Parameters for Rata C o e f f i c i e n t s 

Al A2 A3 A4 A5 A6 

1 . 
100. 
500. 

1000. 
5000. 

10000. 
20000. 

Equal Teap. 

-4.15949E+01 
-3.79435E+01 
-3.72996E+01 
-3.70111E+01 
-3.63583E+01 
-1.61072E+01 
-3.59012E+01 
-4.01578E+01 

4.05943E+00 
9.09167E-01 
5.30896E-01 
3.90475E-01 
1.43130E-01 
7.57604E-02 
2.91780E-02 
3.11099E+00 

86222E+00 
91522E-01 
9S295E-01 
(8883E-01 
033338-02 
50781E-02 
7S429E-02 
3S722E+00 

9.53695E-01 
•7.51345E-02 
-2.21372E-03 
1.91542E-02 
2.45227E-02 
1.73388E-02 
6.74273E-03 
7.35133E-01 

-4.31628E-01 
-3.33315E-02 
-3.37015E-02 
'2 .19861E-02 
7.892558-04 
2.65954E-03 
9.12966E-04 

-4.32954E-01 

13605E-01 
43860E-03 
19923E-03 
21205E-02 
74954E-03 
73029E-03 
12778E-04 
84361E-01 

1.67894E-03 
3.83286E-03 
3.89947E-03 

-1.71700E-04 
-3.10575E-03 
-1.75170E-03 
-9.71523E-04 
-6.65206B-02 

Bee appendix for Chebyshev f i t d e t a i l s . 
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He2* + He - > He + He 2 + 
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Double Electron Capture Rate Coefficients for 
ae + He2+ _> B e + ae 2* 

Beam - Hcxvellian Sate Coefficients (cai3/s) 

Teap. Be Energy (eV/aa u) 
(ev) 10000. 20000. 40000. 70000. 100000. 200000. 400000. 

1.0E+0C 1.79E-08 1.90E-08 1.69E-08 1.00B-08 4.31B-09 3.95E-10* 9 . 2 1 E - 1 2 " 
2.0E+00 1.79E-08 1.90E-08 1.69E-08 1.00E-08 4.31E-09 3.95E-10* 9 . 2 2 E - 1 2 " 
4.0E+80 1.79E-08 1.90E-08 1.69B-08 1.00E-08 4.31E-09 3.95E-10* 9 . 2 4 E - 1 2 " 
7.0E+00 1.79E-08 1.90E-08 1.68E-08 9.99E-09 4.31E-09 3.94B-10* 9.26E-12** 
1.0E+01 1.79E-08 1.90E-08 1.68E-08 9.S9S-09 4.31E-«,9 3.94E-10* 9.28E-12** 
2.0E+01 1.79E-08 1.90B-08 1.68E-08 9.97E-09 4.30E-09 3.94E-10* 9.32B-12** 
4.0E+01 1.V9E-08 1.90E-08 1.68E-08 9.94E-09 4.29B-09 3.94E-10* 9.39E-12** 
7.0E+01 1.79E-08 1.89E-08 1.67E-08 9.91E-09 4.29B-09 3.93B-10* 9.45B-12** 
1.0E+02 1.79E-08 1.89E-08 1.67E-08 9.89E-09 4.28E-09 3.93E-10* 9 . 5 1 B - 1 2 " 
2.0E+02 1.79E-08 1.B9E-0B 1.66B-08 9.83E-09 4.27E-09 3.93E-10* 9.65B-12** 
4.0E+02 1.79E-08 1.88B-08 1.65E-08 9.76E-09 4.26E-09 3.93E-10* 9 . 8 6 B - 1 2 " 
7.0E+O2 1.79E-08 1.88B-08 1.64E-08 9.68E-09 4.26E-09 3.93E-10* 1.01E-11** 
1.0E+03 1.78E-08 1.87B-08 1.63E-08 9.63E 09 4.26E-09 3.94E-10* 1.03E-11** 
2.0E+03 1.78B-08 1.86E-08 1.61E-08 9.S0E-09 4.28E-09 3.97E-10* 1.08E-11** 
4.0E+03 1.78E-08 1.84E-08 1.58B-08 9.34E-09 4.34E-09 4.06E-10* 1.17E-11** 
7.0E+03 1.77E-08 1.81E-08 1.54E-08 9.20E-09 4.42E-09 4.21E-10* 1 . 2 8 E - 1 1 " 
1.0E+04 1.76E-08 1.79E-08 1.51E-08 9.0BE-09 4.49E-09 4.39E-10 1 .38E-U** 
2.0E+04 1.74E-08 1.71E-08 1.42E-08 8.74E-09 4.65E-09 5.07E-10 1 . 7 1 E - 1 1 " 

Accuracy: * - Possible Error Greater Than 10% 
•• - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
B H i n • 1.0E+00 eV, t u a x • 2.0E+04 eV 

Chebyshev Pitting Parameters for Bate Coefficients 
Be 

Energy 
(eV/aau) A0 Al A2 A3 A4 A5 A6 

10000. -3.54880E+01 -1.04856E-02 -6.22291B-03 -3.54221E-03 -2.04547E-03 -1.06539E-03 -4 .43802E-04 
20000. -3.560438+01 -3.86901E-02 -2 .24247E-02 -1.12950E-02 -S.S3082E-03 -2 .663148-03 -1 .23J98E-03 
40000. -3.58798E+01 -«.*4*72E-02 -3.60384B-02 -1.56499E-02 -6.43318E-03 -2 .742078-03 -1 .24709E-03 
70000. -3.69171E+01 -S.93014E-02 -2.54553E-02 -7.53787E-03 -2.21925E-03 -1.22692B-03 -8 .87276E-04 

100000. -3.85034E+01 2.31019E-02 2.39390E-02 1.4B606E-02 4.98011E-03 -1.80325E-05 -1 .31207E-03 
200000. -4.32277E+01 7.43187E-02 6.13383E-02 4.01S08E-02 2.1704SE-02 9.21568E-03 3.71392E-03 
400000. -5.05148E+01 2.45518E-01 1.3r".39E-01 5.66724E-02 2.09008E-02 7.13076E-03 2.416S2E-03 

8e< appendix for Chebyshev fit details. 
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A - 1 1 0 

Electron Capture Crosc Sec t ions for 

Energy 
(eV/aau) 

1.0E+02 
2.0E+02 
4.0E+02 
7.0E+02 
1.0E+03 
2.CE+03 
4.0E+03 
7.0E+03 
l.QE+04 
1.5E-HM 
2.0B+04 
3.0E+04 
5.0E+04 
7.0B+C4 
1.0E+05 
1.5E+05 
2.0E+C5 
2.5E+05 
3.0E+05 
4.0E+05 
5.0E+05 
5.9E+05 

He 2 * • Li -> Be* • Li* 

Ve loc i ty Cross S e c t i o n 
(c« / s ) (ca>2) 

1.39E+07 4.22E-1S 
1.96E+07 C.95B-15 
2.78E+07 9.64E-1S 
3.68E+07 1.11E-14 
4.39E+Q7 1.15E-14 
6.21E+07 1.14E-14 
8.79E+07 1.06E-14 
1.16E+08 9.25B-15 
1.39E+08 7.39B-15 
1.70E+08 4.51E-15 
1.96E+08 2.24B-1S 
2.41E+08 6.70E-16 
3.11E+08 2.11B-1C 
3.68E+08 1.43E-16 
4.39E+08 9.57E-17 
5.38E+08 5.79E-17 
6.21E+08 3.82E-17 
6.94E+08 2.32E-17 
7.61E+08 1.38E-17 
8.78E+08 S.17E-18 
9.82E+08 2.26E-18 
1.07E+09 1.21E-18 

Inferences8 230, 2 3 1 , 232, 234 , 241 , 242 , 244, 246 

Accuracy; E < 2 x 1 0 s eV/aau - 301; E > 2 x 1 0 s eV/aau - 40% 

Wotest (1> For data of the sua of the s i n g l e and double ( t o t a l ) c r o s s s e c t i o n s s e e Kadota e t a l 
re ferences 243 and 245 . 
(2) For the e l a c t r o n capture c r o s s s e c t i o n s for L i * , L i 2 * • Be s e e re ferences 249 , 250, 
251 , and 254. 

For a Chebyshev f i t of the above c r o s s s e c t i o n s i t i s necessary t o use the fo l l owing parameters. 
E B l i n • 1.0E+02 eV/aau, E ^ , - 5.9E+05 eV/amu 

Chabvshev F i t t i n g Parameters for Cross S e c t i o n s 

A0 Al A2 A3 A4 A5 A6 A7 A8 
-69 .9969 -3 .46583 -2.18937 .0319758 .0613338 - .153069 - .271234 - .111623 .204819 

The f i t represents the above crosa s e c t i o n s with an rat d e v i a t i o n of 1 1 . 0 8 . 
The aaxinua dev ia t i on i s 22.5% at 5.0E+04 eV/amu. 
See appendix for Chebyshev f i t d e t a i l a . 
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Electron Capture Rate Coefficients for 
Li + He** -> Be* • Li* 

Be*B - Haxvellien Rate Coefficients (CBVS) 

H e 2 * 

(eV) 10000. 20000. 
Li Energy (eV/aau) 

40000. 70000. 100000. 200000. 500000. 

1.0E+00 1.02E-06 4.40E-07 9.71E-08 5.2<B-08 4.20E-08* 2.37E-08* 2.20B-09** 
2.0E+00 1.02E-06 4.39E-07 9.71E-08 S.2CE-08 4.20E-08* 2.37E-08* 2 . 2 3 E - 0 9 " 
4.0E400 1.02E-06 4.39E-07 9.71B-08 5.26B-08 4.20E-08* 2.37E-08* 2.22B-09** 
7.0E+O0 1.02E-06 4.39E-07 9.71E-08 5.28E-08 4.20E-08* 2.37E-08* 2 . 2 2 E - 0 9 " 
1.0E+01 1.02E-OC 4.39B-07 9.71E-08 5.2CE-08 4.20E-08* 2.37E-08* 2 . 2 2 B - 0 9 " 
2.0E+01 1.02E-06 4.38B-07 9.71E-08 5.26E-08 4.20E-0S* 2.37E-08* 2 . 2 2 E - 0 9 " 
4.0B+01 1.02E-06 4.38E-07 9.72E-08 S.2(B-08 4.20E-08* 2.37E-08* 2.22E-09»« 
7.0E+01 1.01E-06 4.37B-07 9.72E-08 5.2CE-08 4.20E-08* 2.36E-08* 2.22B-09** 
1.0B+02 1.01E-06 4.37B-07 9.72E-08 5.26B-08 4.20B-08 2.36E-08* 2 . 2 2 E - 0 9 " 
2.0E+02 1.00E-06 4.37E-07 9.74E-08 5.26E-08 4.20E-08 2.34E-08* 2.22E-09** 
4.0E+O2 9.93B-07 4.39B-07 9.76E-08 5.2CB-08 4.20B-08 2.35E-08* 2.22E-09** 
7.0E+O2 9.81E-07 4.418-07 9.81E-08 5.26B-08 4.19E-08 2.34B-08* 2.22E-09** 
1.0E+03 9.C9E-07 4.42E-07 9.86E-08 5.26B-08 4.19B-08 2.34E-08* 2 . 2 3 E - 0 9 " 
2.0E+03 9.3SE-07 4.45E-07 1.01E-07 S.27B-08 4.19E-08 : .33E-08* 2.24E-09** 
4.0E+03 8.74E-07 4.45E-07 1.06E-07 5.29B-08 4.18E-08 2.31B-08* 2.25E-09** 
7.0E+O3 8.03E-07 4.38E-07 1.16E-07 5.3CE-08 4.18E-06 2.30E-08* 2 . 2 6 E - 0 9 " 
1.0E+04 7.48E-07 4.29E-07 1.25E-07 S.46E-08 4.18E-08 2.28E-08 2.26E-09** 
2.0E+O4 «.25B-07 3.94E-07 1.48E-07 S.95B-08 4.21B-08 2.25E-08 2.28E-09** 

Accuracy: • - Possible Error Greater Than 10% 
*• - Possible Error Greater Than 100% 

Notes: For Chebyshev fits of the above rate coefficients it is necessary to use the following paiaaeters. 
E. i n • 1.0E+00 eV, E M , • 2.0E+04 eV 

Chebyshev fitting Parameters for Rate Coefficients 
Li 

Energy 
(ev/aau) A0 Al A2 A3 A4 AS A6 

10000. -2.78062E+01 -1.87483E-01 -1.15766E-01 -5.63757E-02 -2 .07864E-02 -4 .18092E-03 1.20353B-O3 
20000. -2.93011E+01 -2.38001E-02 -2.236OOE-02 -2.23853E-02 -1 .68257E-02 -8 .26641E-03 -2 .M146E-03 
40000. -3.21294E+01 1.47297E-01 1.06J05E-01 5.96604E-02 2.42461E-02 4.76111E-03 - 3 . 2 4 7 U E - 0 3 
70000. -3.34880E+01 3.30410E-02 2.70085E-02 2.03864E-02 1.35662E-02 7.66428E-03 3.81877B-03 

100000. -3.39729E+01 -1.632S0E-03 3.97915E-04 1.S4890B-03 1.48096B-03 1.080S6E-03 6.82015E-04 
200000. -3.51439E+01 -2.29742B-02 -1.03372E-02 -3.67071E-03 -8 .35726E-04 -S.21814E-04 -6.93440E-05 
$00000. -3.983976*01 1.28943E-02 5.77153E-03 J.54906E-03 -1 .13575E-03 6 . (80118-04 -9.25001E-0'. 

See appendix for Chebyshev fit details. 
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Double Electron Capture Cross Sections for 
He 2* + Li -> He • Li 2* 

Energy Velocity Cross Section 
(eV/aau) (ca/s) <c»2) 

4.1E+03 1.08E+08 9.12E-18 
7.0B+03 1.14B+08 1.30E-17 
9.0E+03 1.32E+08 2.39E-17 
1.0E+04 1.39E+08 2.99E-17 
l.SE+04 1.70E+08 4.44E-17 
2.0E+04 1.96E+08 4.03E-17 
3.0E+04 2.41E+08 2.46E-17 
5.0E+04 3 .UE+08 1.42E-17 
7.0E+04 3.48E+08 9.17E-18 
1.02*05 4.39E+08 5.B4E-18 
1.5E+05 5.38E+08 3.12E-18 
2.0E+G5 6.21B+08 1.17E-18 
2.5E+05 *.94E+08 3.14E-19 
3.0E+05 7.61E+08 1.0SE-19 
4.0E+05 8.78E+08 1.62E-20 
5.0E+05 9.82E+08 1.03E-20 

References: 231, 232, 241, 242, 244, 246 

accuracy; 30% 

Motes; (1) In the region (1-3x10* eV/aau) where the cross section is a aaxinua the experimental 
data fluctuates by a factor of ± 2. we believe tbat the value quoted can be relied on 
to 30%. 
(2) For data of the sua of the single and double electron capture see Kadota et al 
references 243 and 245. 
(3) For electron capture cross sections of Li*, Li 2* • He see references 249, 250, 251, 
and 254. 

ror a Chebyshev fit of the above cross sections it is necessary to use tha following parameters. 
E , i n - 4.1E+03 eV/aau, ZmMX - 5.0E+05 I V / M W 

Chebvshev fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 A5 A4 A7 A8 
-81.1888 -3.55493 -2.11208 -.149724 -.232101 .218408 .275774 .0980514 .03(7760 

Tha fit rapraaants the above cross sections with an rms deviation of 3.1%. 
The maximum deviation is 8.4% at 2.5E+05 ev/amu. 
See appendix for Chebyshev fit details. 
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He2* + Li - > H e + Li 2* 
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Doable Electron Capture Rate Coefficients for 
Li • He** -> He • Li 2* 

Beaa - Maxwellian Rate Coefficients (cm3/s) 

He'* 
Tea?.. Li Energy (eV/asni) 
Cev> 10000. 20000. 40000. 70000. 100000. 200000. 400000. 

1.0E+00 4.14E-09 7.91E-09 5.19B-09 3.37E-09 2.S7E-09 7.25E-10* 1 . 4 3 E - 1 1 " 
2.0E+00 4.14E-09 7.90E-09 S.19E-09 3.37E-09 2.S7E-09 7.25E-10* I . 4 3 E - 1 1 " 
4.0B+00 4.13E-09 7.90E-09 S.19B-09 3.37E-09 2.S7E-C9 7.25E-10* 1 . 4 3 E - 1 1 " 
7.0E+00 4.12E-09 7.89B-09 5.19E-09 3.37E-09 2.S7E-09 7.24E-10* 1 .43B-U** 
1.0E+01 4.12E-09 7.88E-09 5.19B-09 3.37E-09 2.57E-09 7.23E-10* 1 . 4 3 E - 1 1 " 
2.0E+01 4.10E-O9 7.87E-09 5.19E-09 3.37E-09 2.57E-09 7.22E-10* 1.44B-11** 
4.0E+01 4.09E-09 7.85E-09 5.19E-09 3.37E-09 2.57E-09 7.20B-10* 1 . 4 4 E - U " 
7.0E+01 4.08E-09 7.83B-09 5.19E-09 3.37B-09 2.57E-09 7.18E-10* 1.45B-1X*-
1.0E+02 4.07E-09 7.81E-09 S.19B-09 3.37E-09 2.57E-09 7.17B-10 1.45E-11** 
2.0E+02 4.07E-09 7.76E-09 5.13E-09 3.37E-09 2.S6E-09 7.14E-10 1 .47E-1X" 
4.0B+02 4.08E-09 7.70E-O9 5.X9B-09 3.37B-09 2.54E-09 7.10E-10 1 . 4 9 B - 1 1 " 
7.0E+02 4.13E-09 7.62E-09 &.19E-09 3.38E-09 2.S6E-09 7.07E-10 1 . 5 1 E - 1 1 " 
1.0E+03 4.18E-09 7.SSE-09 5.19E-09 3.38E-09 2.55E-09 7.05E-10 1 . 5 3 E - 1 1 " 
2.0E+03 4.31E-09 7.34E-09 S.19E-09 3.38B-09 2.55E-09 7.03B-10 l . M E - 1 1 " 
4.0E+03 4.51E-09 6.99E-09 S.19E-09 3.39E-09 2.54E-09 7.07B-10 1.4BE-11** 
7.0E+03 4.68B-09 6.60E-09 5.16E-09 3.40B-09 2.53E-09 7.1CE-10 1.81E-11** 
1.0E+04 4.79B-09 6.31E-09 S.11E-09 3.40E-09 2.52E-09 7.26E-10 1 . 9 3 E - 1 1 " 
2.0E+04 4.95E-09 S.71E-09 4.90E-09 3.40E-09 2.S0E-09 7.S1E-10 2 . 3 5 E - 1 1 " 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Botes: For Chebyshev fits of the above rate coefficients it is necessary to use th* following parameters. 
Emin • 1.0E+00 eV, E ^ , • 2.0E+04 eV 

Chebyshev Pitting Parameters for Bate Coefficients 
Li 

Energy 
(ev/aau) A0 Al A2 A3 A4 A5 Aft 

10000. -3.85237E*01 7.92423E-02 5.43215B-02 1.72118E-02 -5.29456E-03 -7.47819E-03 -2.S2SB1E-03 
20000. -3.74702E+01 -1.30340E-01 -7.61020E-02 -3 .32737B-02 -9.47S2CE-03 -1.1S041E-04 2.05495E-03 
40000. -3.B1678E+01 -1.43345E-02 -1.2S875E-02 -1 .01317E-02 -6.93426E-0J -3 .9127*8-03 -1 .88591E-03 
70000. -3.90109E+01 4.4306SE-03 2.J0527E-03 3.09041E-04 -4.54S09E-04 -5.21843E-04 -3 .71172E-04 

100000. -3.95717E+01 -1.18800E-02 -5.53013E-03 -2 .04086E-03 -8.30113E-04 -4.87010E-04 -3.29738E-04 
200000. -4.20984E+01 1.49204E-03 1.62234B-02 1.48608E-02 6.78142E-03 1.37283E-03 -7 .46341E-04 
460000. -4.97186E+01 1.87794E-01 1.11341E-01 S.29149E-02 2.28786E-02 8.2S402E-03 3.389S3E-03 

£ee appendix tor Chebyshev fit details. 
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B. Electron Captor* into Excited States 
(* denotes rate coefficient data also) 

Page 
Electron Capture by H* B-2 

H* • H -> H(2s) + H* B-2* 
H* + H -> H(2p) + H* B-8* 
H* + H 2 -> H(2s) B-14 
H* + H 2 -> H(2p) B-14 
H* + H 2 -> H(Lyean-« Total) B-16 
H* * H 2 -> H(Balser-«) B-18 
H* + H 2 -> H(Baleer-*) B-18 
H* • H 2 -> H(3s) B-20 
H* + H 2 -> H(3p) B-20 
H* + H 2 -> H(3d) B-20 
H* + He -> H(2s) + He* B-22* 
H* + He -> H(2p) + He* B-28* 
H* + He -> H(Baleer-a) + He* B-34* 
H* + He -> H(3s) + He* . B-40* 
H* + He -> H(3p) + He* B-46* 
H* + He -> H(3d) + He* B-52* 
H* + Li -> H(2s) + Li* B-58 
H* • Li -> H(2p) + Li* B-58 
H* + Li -> H(3s) + Li* B-60 
H* + Li -> H(3p) + Li* B-60 
H* + Li -> H(3d) + Li* B-60 

Electron Capture by He* B-62 
He* + H 2 -> H(21S + 23S) B-62 
He* + H 2 -> He(21P) B-64 
He* + H 2 -> He(3*P) B-64 
He* + H 2 -> He(x - 447.1 nm) B-66 
He* + H 2 -> He(x = 587,6 nm) B-66 
He* + H 2 -> He(» » 667.8 nn) B-66 
He* + He -> He(21S + 23S) + He* B-68* 
He* * He -> He(2*P) + He* B-74* 
He* + I!e -> He^S) + He* B-80 
He* + He -> He^P) + He* B-80 
He* • He -> He(3*D) + He* B-80 
He* • He -> He(33S) • He* B-82 
He* + He -> He(33P) + He* B-82 
He* + He -> He(33D) + He* B-82 
He* + He -> He(41S) + He* B-84 
He* + He -> He(41P) + He* B-84 
He* + He -> He(4lD) + He* B-84 
He* • He -> He(43S) • He* B-86 
He* + He -> He(43P) + He* B-86 
He* + He -> He(43D) + He* B-86 
He* + Li -> He(53.7 run) + Li* B-88 
He* + Li -> He(58.4 nra) + Li* B-88 



B. (Cont'd) 

electron Capture by •»** B-90 
He2* + H -> He*(2s) + H* B-90* 
He2* • H -> He*(2p) + H* B-96* 
Be2* • H -> He*(Lyaan-«) + H* B-102 
Be2* + H -> He*(Lyaan-») + B* B-102 
He2* • H -> He*(Lyaan-T) + H* B-102 
He2* + H -> He*(Balaer-a) • H* B-102 
He2* + H -> He*(3p) + H* B-104 
He2* + H -> He*(3s+3d) + H* B-104 
He2* + H -> He*(4p) + H* B-104 
He2* + H 2 -> He*(2s) B-106 
He2* + H 2 -> He*(2p) B-106 
He2* • H 2 -> He*(Ly»an-a) B-108 
He2* + H 2 -"»• He*(Ly«an-») B-108 
He2* + H 2 -> He*(Lyman-t) B-108 
He2* + H 2 -> He*(Balaer-«) B-108 
He2* + H 2 -> He*(3p) B-110 
He2* + H 2 -> He*(3s+3d) B-110 
He2* + H 2 -> He*(4p) B-110 
He2* + He -> He*(2s) + He* B-112* 
He 2 4 + Li -> He*(2p) + Li* B-118 
He2* + Li -> He*(3p) + Li* B-118 
He2* • Li -> He*(4p) + Li* B-118 
He2* + Li -> He*(3s+3d) + Li* B-118 
He2* + Li -> He*(4s+4d) + Li* B-118 
He2* + Li -> He*(Lyman-a) + Li* B-120 
He2* + Li -> He*(Ly*an-») + Li* B-120 
He2* • Li -> He*(Lyaan-T) + Li* B-120 
He2* • Li -> He*(Balner-o) + Li* B-122 
He2* • Li -> He*(Balner-0) + Li* B-122 
He2* + Li -> He*(Balner-T) + Li* B-122 
He2* + Li -> He*(Balner-o) + Li* B-122 



o-< 

Electron Capture Cross Sections for 
H* + B -> H(2s) • H + 

Energy Velocity Cross Section 
(eV/aam) (civ's) (cm 2) 

2.0E+O3 6.21E+07 1.41E-18 
3.0B+03 7.61E+07 2.77E-18 
4.0E+03 8.791+07 4.59E-1S 
5-0E+03 9.82E+07 6.78B-18 
6.0E+O3 1.08E+08 8.91B-18 
7.0E+03 1.16E+08 1.19H-17 
1.0E+04 1.39E+08 1.98E-17 
2.0B+O4 1.96E+08 3.65E-17 
4.0E404 2.78E+08 2.17B-17 
5.0B+04 3.11E+08 1.39B-17 
6.0B+04 3.40E+08 9.05E-18 
7.0B+04 3.68E+08 S.56B-18 
1.0E+05 4.39E+08 1.93B-18 
2.0B+OS 6.21E+08 2.59B-19 

Beferencest 1, 11, 12, 13, 14, 15, 16, 70, 71, 72 

Accuracy; Energy < 3xl0 3 eV/amu - factor 2; 3xl0 3 cV/aau < E < 1x10 s cV/aaiu - 30%; E > lslO 5 

eV/aau - 50% 

K&fli CD For energies greater than 5x10* eV/amu, the croased beam results of references 12 
and 14 are in good agreement with the data obtained using the tungsten oven B cell 
employed in the other experimental references. 
(2) No corrections were applied for cascading but the effect is believed to be no sore 
than 5%. 
(3) Data for energies greater than 1.2x10 s eV/aau were taken fro* the theoretical paper 
by Sbakeshaft (ref. 70) who computed the cross sections using time-dependent impact 
parameter coupled-state equations. 
(4) Cross sections in the energy range 1x10* - SxlO 3 eV/amu rely on the experimental 
results of Morgan at al (ref. 15) and theoretical results of ref. 71 and 72. 
(5) Cross sections for the 2s state were found by mixing the 2s and 2p states with an 
electric field. 

for a Chebyshev fit of the above cross section it is necessary to use the following parameters. 
Em,, - 2.01+03 ev/amu, E ^ , - 2.0E+05 ev/sstu 

Chebvshev rittino Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 AS 
-80.2974 -.711716 -2.02522 -.193493 .25098* .0856986 -.0237110 -.0276091 -.00357455 

The fit (tpresents the above cross sections with an cms deviation of 1.3%. 
The maximum deviation la 2.4% at 7.0E+04 eV/amu. 
See appendix for Chebyshev fit detaila. 
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Electron Capture Rate C o e f f i c i e n t s for 
H* • B -> H(2s) • B* 

Maxwellian - Haxvel l ian Hate C o e f f i c i e n t s ( c a 3 / s ) 

Teap. 
(eV) 

Equal 
Teap. 500 . 1000. 2000. 

B Teap. (eV) 
4000. 7000. 10000. 20000. 

1.0E+02 
2.0E+02 
4.0B+02 
7.0E+02 
1.0E+03 
2.0E+03 
4.OE+03 
7.OE+03 
1.0E+04 
2.0E+34 

1.86E-14 
2.59E-12 
3.83E-11 
1.69E-10 
3.72E-10 
1.30E-09 
2.96E-09 
4.05E-09 
4.23E-09 
3.42E-09 

1.48E-11 
2.S1E-11 
5.41E-11 
1.16E-10 
1.98E-10 
5.80E-10 
1.55E-09 
2.80E-09 
3.59E-09 
4.22E-09 

9.32E-11 
1.16E-10 
1.69E-10 
2.63E-10 
3.72B-10 
8.126-10 
1.79E-09 
2.96E-09 
3.68E-09 
4.22E-09 

4.11E-10 
4.52E-10 
5.36E-10 
6.70E-10 
8.12E-10 
1.30E-O9 
2.23E-09 
3.25E-09 
3.83B-09 
4.20E-09 

1.35E-09 
1.40E-09 
1.50E-09 
1.65E-09 
1.79B-09 
2.23E-09 
2.96E-09 
3.68E-09 
4.0SE-09 
4.14E-09 

2.66E-09 
2.70E-09 
2.77E-09 
2.87E-09 
2.96E-09 
3.2SE-09 
3.68E-09 
4.05R-09 
4.20E-09 
4.03B-09 

3.50E-09 
3.52B-09 
3.57E-09 
3.62E-09 
3.68B-09 
3.83E-09 
4.05E-09 
4.20E-09 
4.23E-09 
3.90E-09 

4.23E-09 
4.23E-09 
4.23B-09 
4.22E-09 
4.22E-09 
4.20E-09 
4.14E-09 
4.03E-09 
3.90E-09 
3.42E-09 

Not.s: For Cbebyshev fits of the above rate coefficients it is necessary to use the following paraaeters 
^in 1.0E+02 eV, 2.0B+04 eV 

Chebvshev Fitting Paraaeters for Rate Coefficients 
B 
Teap. 
<eV) A0 Al A2 A3 A4 A5 A6 

500. -4.38672E+01 3.12293E+00 -1.60004E-01 -3.10412E-01 -2.36074B-02 1.60083B-02 6.19S24E-03 
1000. -4.24130E+01 2.146688+00 6.37440E-02 -2.57968E-01 -5.56388E-02 1.7246BB-02 8.38626E-03 
2000. -4.10369E+01 1.31982E+00 1.21498E-01 -1.62370E-01 -6.16572E-02 4.43261B-03 8.17248E-03 
4000. -3.98120E+01 6.46066E-01 8.59976E-02 -8.09184E-02 -4.48832B-02 -5.52064E-03 3.62665E-03 
7000. -3.90771E+01 2.57541E-01 2.91176E-02 -4.35279E-02 -2.76600E-02 -6.63736B-03 5.07727E-04 
10000. -3.87811E+01 9.11341E-02 -6.21649E-03 -3.19458E-02 -1.89226E-02 -5.58779E-03 -2.28503E-04 
20000. -3.86539E+01 -7.79801E-02 -5.02B18E-02 -2.49832E-02 -9.47407E-03 -2.56718E-03 -3.98810E-04 

Equal Teap. -4.60750E+01 5.50322B+00 -2.23799E+00 4.38735E-01 -2.58100E-01 1.18690B-01 -1.94375E-02 

See appendix for Chebyshev fit details. 
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B-6 

Electron Capture Rate Coefficients for 
B + H* -> B(2s) + H* 

Bean - Haxvellian Rate Coefficients (ci}/«) 

Tesp. B Energy (eV/aau) 
C*V) 10000. 20000. 40000. 60000. 80000. 100000. 150000. 

1.0E+00 2.74E-09 7.12E-09 6.01E-09* 3.07E-09* 1.47E-09** 8.48E-10** 3.21E-10** 
2.0E+00 2.74E-09 7.11E-09 6.00B-09* 3.07E-09* 1 .47E-C9" 8.48E-10** 3.21E-10** 
4.0B+00 2.74E-09 7.08E-09 5.99E-09* 3.07E-09* 1.47E-09* 8.48E-10** 3.21E-10** 
7.0B+00 2.74E-09 7.05B-09 5.97B-09* 3.07E-09* 1.47E-09* 8 . 4 8 E - 1 0 " 3.21E-10** 
1.0E+01 2.73E-09 7.03E-09 S.96E-09 3.06E-09* 1.47E-09* 8.48E-10** 3.21E-10** 
2.0E+01 2.73B-09 6.97E-09 5.94E-09 3.06E-09* 1.47E-09* 8.49E-10** 3.21B-10** 
4.0E+01 2.74E-09 6.89E-09 5.S0E-09 3.05B-09* 1.47E-09* 8.50B-10* 3.21E-10** 
7.0E+01 2.75E-09 6.81E-09 S.86E-09 3.05E-09* 1.48E-09* 8.51E-10* 3.21B-10** 
1.0E+02 2.76E-09 6.75E-09 5.83E-09 3.04E-09* 1.48E-09* 8.53E-10* 3.22B-10** 
2.CE+02 2.82E-09 6.60E-09 S.7SE-09 3.04E-09* 1.49E-09* 8.57E-10* 3.23E-10** 
4.0E+02 2.95E-09 6.40E-09 5.64E-09 3.04E-09 1.51E-09* 8.C6E-10* 3.25B-10** 
7.0E+02 3.14E-09 6.21E-09 5.52E-09 3.05E-09 1.54E-09* 8.80E-10* 3.28E-10«* 
1.0E*03 3.30E-09 6.08E-09 S.42E-09 3.0SE-09 1.57E-09* 8.94E-10* 3.30E-10** 
2.0E+03 3.69E-09 5.77E-09 S.14E-09 3.05E-09 1.65E-09* 9.42B-10* 3.37E-10** 
4.0E+03 4.10B-09 5.35E-09 4.69E-09 3.00E-09 1.75E-09* 1.03E-09* 3.52E-10** 
7.0E+03 4.35B-09 4.90E-09 4.19E-09 2.88E-09 1.82E-09* 1.14B-09* 3.87E-10** 
1.0E+04 4.40E-09 4.57E-09 3.82E-09 2.74E-09 1.84E-09 1.20E-09* 4.28E-10* 
2.0E+04 4.08E-09 3.80E-09 3.07E-09 2.35E-09 1.74E-09 1.26E-09* 5.48E-10* 

Accuracy: * - Possible Error Greater Than lOt 
** - Possible Error Greater Than 100% 

Motes: For Chebyshev fits of the above rate coefficients it is necessary to use the following paraaeters. 
E „ l n - 1.0E+00 eV, Eg,, - 2.0E+04 eV 

Chebyshev Pitting Parameters for Rate Coefficients 
B 

Energy 
(•V/aau) A0 Al A2 A3 A4 A5 A6 

10000. -3.91129E+01 2.48347E-01 9.68613E-02 -2.22S62E-02 -5.16334E-02 -2.86624E-02 -4.22512E-03 
20000. - 3 . 7 8 6 7 8 ^ 0 1 -2.64262E-01 -1.22968E-01 -4.41549E-02 -1.57924B-02 -6.00867E-03 -1 .43873E-03 
40000. -3.81878E+01 -2.65205E-01 -1.50964B-01 -6.70004E-02 -2.27907E-02 -3.96914B-03 2.12259E-03 
60080. -3.92919E+01 -7.86994E-02 -5.90240E-02 -4.39866E-02 -2.75365E-02 - 1 . 1 9 5 2 5 t - 0 2 -2 .20171E-03 
80000. -4.05364E+01 1.08994E-01 4.62123E-02 -5.38404E-03 -2.37480E-02 -1.87047E-02 -8.06980B-03 

100000. -4.15580E+01 1.82433E-01 1.07666E-01 3.51B90E-02 -4.95054E-03 -1.53694E-02 -1.20555E-02 
150000. -4.3S210E+01 1.78485E-01 1.28691E-01 7.63149C-02 2.78040E-02 1.49449E-02 2.4330SE-03 

See appendix for Chebyshev fit details. 
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B - O 

Electron Capture Cross Sections for 
B* • B -> B<2p) • H* 

Energy Velocity Cross Section 
(aV/aaul (ca/s) (cm2) 

6.0E+02 3.40B+07 6.05E-18 
7.0Et02 3.68E+07 8.69E-18 
1.0E+03 4.39E+07 1.85E-17 
1.5E+03 5.38B+07 3.10E-17 
2.0E+03 6.21E+Q7 3.05E-17 
3.0E+03 7-61E+07 2.87E-17 
4.0E+03 B.79E+07 2.89B-17 
7.0E+03 1.16E+C8 3.06E-17 
1.0E+04 1.39E+08 2.99B-17 
2.OE+04 1.96E+08 1.79E-17 
3.0E+04 \ 2.41E-H>8 1.01E-17 
4.0E+04 2.78B+08 ; S.83E-18 
7.0E+04 3.68E+08 1.46E-18 
1.0E+05 4.39E+08 6.18E-19 
2.0E+05 6.21E+08 1.41E-19 
2.4E+05 6.80E+08 1.00E-19 

References; 17, 18, 19, 20, 70 

Accuracy; E c 2xl0 3 eV/aau - 40%; 2xl0 3 cV/aau < E < 3x l0 4 eV/aau - 25%; E > 3x10* ev/aau -
unknown 

Botes; (1) Thomas in ref. 20 baa applied a correction to ref. 19. 
(2) All cross sections nave been normalized to either the 8* • Bj -> B(2p) • Bj* or e~ * 
H(ls) -> e" + B(2p) cross sections. 
(3) Cross sections for B impact energies greater than 3x10* ev/aau rely on computations 
of Sh&keshaft (ref. 70) . Data were obtained using ti«e-dependent iapact paraaeter 
coupled-state equations. 
(4) Tbe cross section (cr̂ ) for capture into state i i s determined by measurirg the 
eaission cross section («M> for a transition fro* state i to j , correcting for any 
branching from state i , and correcting for cascading froa upper s ta te s . 
(5) Cascading froa upper s t a t e s t o tbe 2p s t a t e i s l e s s than 51 . Thus • (2p) * 
«(Lyman-*) ea i sa i cn cross s e c t i o n . 

For a Cbebysbev f i t of tbe above cros s s e c t i o n s i t i s necessary t o use the fo l lowing parameters. 
Zuin - 6.CE+02 eV/aau, B^, , - 2.4E+05 eV/aau 

Cbebyshev F i t t i n g Parameters for Cross Sec t ions 

A0 Al A2 A3 A4 AS A6 A7 A8 
- 7 9 . 9 8 1 2 - 2 . 3 0 9 6 8 - 1 . 7 3 6 2 1 .110265 0489823 .217654 - . 0 5 7 6 5 4 1 - . 0 6 1 7 9 1 6 .0399669 

The ( i t represents the above cross sections with an rms deviation of 2.8%. 
The eaxiaum deviation i s 5.8t at 2.0E+04 eV>..au. 
Bee appendix for Chrbyshev f i t de ta i l s . 
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H* + H ->H(2p) + H* 

Cross Section vs. Energy 
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Data 

Chebyshev Fit 
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Electron Capture Rate C o e f f i c i e n t s for 
H* • B -> H(2p) • B* 

Maxwellian - Haxvel l ian Rate C o e f f i c i e n t s ( c a V s ) 

Teap. 
(eV) 

Equal 
Teap. SO. 100. 500 . 

B Teap. (eV) 
1000. 5000. 10000. 20000. 

4.0E+01 
7.0E-H1 
1.0E+02 
2.0E+02 
4.0E+02 
7.0B+02 
1.0E+03 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+04 

S.58E-13 
1.45E-11 
5.74E-11 
3.33E-10 
8.99E-10 
1.49E-09 
1.90E-09 
2.6SE-09 
3.07E-09 
2.84E-09 
2.47E-09 
1.59B-09 

1.28B-12 
6.91E-12 
1.95E-11 
I .13E-10 
4.11E-10 
8.38E-10 
1.17E-09 
2.93E-09 
2.70E-09 
3.05E-09 
3.03E-09 
2.47E-09 

1.45B-11 
3.22E-11 
5.74B-11 
1.81E-10 
4.S8E-10 
8.99B-10 
1.22E-09 
1.96E-09 
2.71E-09 
3.0SE-09 
3.03E-09 
2.46E-09 

S.48E-10 
S.92E-10 
6.36E-10 
7.73E-10 

.02E-09 

.32E-09 

.S6E-09 

.17E-09 
2.79E-09 
3.06E-09 
3.02E-09 
2.44E-09 

1.16E-09 
1.19E-09 
1.22E-09 
1.32E-09 
1.49E-09 
1.71E-09 
1.90E-09 
2.38E-09 
2.88E-09 
3.07E-09 
3.00E-09 
2.41E-09 

2.88E-09 
2.89E-09 
2.89E-09 
2.91E-09 
2.93E-09 
2.96E-09 
2.99B-09 
3.05E-09 
3.06E-09 
2.95E-09 
2.78E-09 
2.19E-09 

3.03E-09 
3.03E-09 
3.03E-09 
3.03E-09 
3.02E-09 
3.01E-09 
3.00E-09 
2.9SE-09 
2.84E-09 
2.65E-09 
2.47E-09 
1.96E-09 

2.47E-09 
2.47E-09 
2.46E-09 
2.46E-09 
2.45E-09 
2.43E-09 
2.41E-09 
2.36B-09 
2.25E-09 
2.09E-09 
1.96E-09 
1.59B-09 

• o t e s : For Cbetoyshev f i t s of the above ra te c o e f f i c i e n t s i t i s necessary t o use the fo l lowing paraaeters 

^ i n 4.0E+01 eV, 2.0E+04 eV 

Chebvsnev F i t t i n g Paraaeters for Rate C o e f f i c i e n t s 
B 

Teap. 
(eV) A0 Al A2 A3 A4 A5 A6 

5 0 . -4.426(7E»01 3.68258E+00 -1.49113E+00 1.59924E-01 3.18208E-03 -6.21884E-02 2.01934E-02 
100. -4.30926E+01 2.69099E>00 -8.96227E-01 -7 .60448E-02 4.64B49E-02 -4.73878E-02 6.77301E-03 
500. -4.C8437E+01 9.29788E-01 -1.25719E-01 -1.89331B-01 -3 .21599E-02 5.88363E-03 2.4S244E-03 

1000. -4.022526*01 5.06498E-01 -5.16460E-02 -1.44926E-01 -4 .91357B-02 2.77891E-03 6.06624E-03 
5000. -3.93773E*01 -6.84093E-G2 -8.56458E-02 -6.23155E-02 -2 .73651E-02 -6.00122E-03 5.77484E-04 

10000. -3.94214E+01 -1.657C3E-C1 -1.04137E-01 -4.96524E-02 -1 .77141B-02 -4.10624E-03 -1.51335E-G4 
20000. -3.98550Et01 -1.76608E-01 -9.99144E-02 -4 .14470E-02 -1 .28283E-02 -2.76171E-03 -2.52981E-04 
Teap. -4.38515B+01 3.35460E+00 -2.04440E+00 5.49669E-01 -2.67503E-01 7.12101E-02 2.83428E-03 

See appendix for Chebysbev f i t d e t a i l s . 
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B-12 

Electron Capture Rate Coefficients for 
H • B* -> Ht2p) • H* 

Beast - Hazwellian Rate Coefficients (CB 3/S) 

Tea*. e Energy (eV/aau) 
(eV) 10000. 20000. 40000. 60000. 80000. 100000. 200000. 

1.0B+00 4.14E-09 3.51E-09 1.62E-09* 7.27E-10* 4.16E-10** 2.72E-10** 8 .768-11** 
2.0E+00 4.13E-09 3.S0E-O9 1.C2E-09* 7.27E-10* 4.16E-10** 2.72E-10** 8 .768-11** 
4.0E+00 4.12E-09 3.50E-09 1.61E-09* 7.23E-10* 4.16E-10** 2.72E-10** 8.76B-11** 
7.0E+00 4.11E-09 3.49E-09 1.61E-09* 7.28E-10* 4 . 1 6 E - 1 0 " 2 .728-10** 8 .778-11** 
1.0E+01 4.10E-09 3.49E-C9 1.61E-09* 7.28E-10* 4 .ME-10* 2 .728-10** 8 .778-11** 
2.0E+01 4.08E-09 3.47E-09 1.41E-09 7.28B-10* 4.16E-10* 2.72B-10** 8 .778 -11** 
4.0E+01 4.06E-09 3.46E-09 1.S1E-09 7.29E-10* 4.16E-10* 2.73E-10** B.78Z-11** 
7.0E+01 4.03E-09 3.44B-09 1.60E-09 7 .308-10* 4.17E-10* 2.73E-10* 8 .798-11** 
1.0B+02 4.00E-09 3.42E-09 1.60E-09 7.31E-10* 4.17E-10* 2.73E-10* 8 .798-11** 
2.0E-H)2 3.94E-09 3.39E-09 1.60E-O9 7.35E~10* 4.19E-10* 2.75B-10* 8 .818-11** 
4.0E+02 3.8CB-09 3.34E-09 1.60E-09 7.42E-10* 4 .228-10* 2.77E-10* 8 .838-11** 
7.0E+02 3.77E-09 3.27B-09 1.60E-09 7 .538-10* 4.27E-10* 2 .808-10* 8.80E-11** 
1.0E+03 3.69E-09 3.22E-09 1.C0E-O9 7.64E-10* 4.32E-10* 2.82E-10* 8 .718-11** 
2.0E+03 3.50E-09 3.05E-09 1.59E-0S 7.95B-10 4.49E-10* 2.92E-10* 8 . 4 0 8 - U * * 
4.0E+Q3 3.23E-09 2.77E-09 1.57E-09 8.40E-10 4.85B-10* 3.12E-10* 8.06B-11** 
7.0E*03 2.93E-09 2.46E-09 1.50B-09 S.768-10 5.29E-10* 3.42E-10* 8 .008-11** 
1.0E+04 2.69E-09 2.25E-09 1.43E-09 8.88E-10 5.60E-10* 3.C9B-10* 8 .188-11** 
2.0E+04 2.10E-09 1.7CE-09 1.23E-09 B.S6E-10 5.99B-10 4.24B-10* 9 .598-11** 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Notes: Por Chebyshev fits of the above tate coefficients it is necessary to use the following parameters 
c-in l.oe+oo «v. 2.0E+04 eV 

Chebyshev Pitting Parameters for Rate Coefficients 
B 

Energy 
( * V / M U ) AO Al A2 A3 A4 AS M 

10000. -3.89330E+01 -2.63479E-01 -1.46S63E-01 -6.61908E-02 -2 .64497B-02 -9.58772E-03 -3.32C33E-03 
20000. -3.92573E*01 -2.65213E-01 -1.59204E-0J -7.45S12E-02 -2 .59202E-02 -4.40931E-03 1.71443E-03 
40000. -4.0580«E*01 -8.23737E-02 -5 .96947E-02 -4.22268E-02 -2 .58735E-02 -1.17419B-02 -3.02153E-03 
40000. -4.J9404E+01 9.70829E-02 4.52599E-02 7.29529E-04 -1 .72682E-02 -1.54S61E-02 -7.90347E-03 
80000. -4.30171E*01 1.56735E-01 9.77827E-02 3.77245E-02 1.87118E-03 -9.85709E-03 -9 .467538-03 

100000. -4.38524E+01 1.71818E-01 1.11913E-01 5.35817E-02 1.44028E-02 -2.8S661E-04 -S.46080E-03 
200000. -4.63327E+01 -9 .297998-03 6.37363E-03 2.6S872E-02 3.44937E-02 2.7059BK-02 1.2843OE-02 

See appendix for Chebyshev fit details. 
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B-l* 

Electron Capture Ctoss Sections for 

•* • H 2 -> H(2s,2p) 

»J2s) 
Energy Cross Section 
ev/sao c . 2 

2.0E«v3 2.44E-1I 
4.M*«3 S.OEE'IE 
7.0C+O3 9.24E-14 
l.«B««4 1.37E-17 
2.0E+04 2.ME-17 
2-5E+04 2.79B-17 
4-0E««4 2.2U-17 
7.flE««4 9.S3E-1B 
l.tE+OS 4.2SE-14 
2.ei«as 4.24E-1* 

• I2p) 
Energy Cross Section 
t V / a n c . 2 

4.0Ev«3 1.99E-17 
7.0E*43 2.37E-17 
1.0E+04 2.S4E-17 
1.4E+44 2.72E-17 
2.0E+O4 2.35E-17 
4.0E««4 4.74E-10 
7.0E+44 3.39E-1E 
I.OE+0S 1.7SE-10 
1.5E+0S ).OOE-lt 

neferoacoct B(2*> - 13, If, It. 121, 122, 123, 124, 12S, 12(; B(2p) - It, 122, 124, 12t 

accuracy; See notes 

j ii) Large? errors are osaally associated with Beasnring eaission froa excited states to 
obtaia either electron capture, dissociative or excitation eaission cross sections, the 
cross sections reported here are Mission cross sections froa electron capture 
collisions. The l(2s) cross sections are detcrained by observing the excited • atoa in 
an electric field which aixes the 2s state with tbe 2p state. The scatter of the data 
in tbe references is a factor of 2 for B(2s) capture and 204 for I(2p). we estlaate 
that the data presented here have a confidence level to within 50%. 
(2) Eor the collisions in an electroasgnetic field sufficient to Bis the 2s and 2p, the 
Lyaaa-« emission cross section is obtained froa «(2s)+«(2p). 
(3) The cross section («j) for capture into state i is deterained by aeasariag the 
eaission cross section for a transition froa state i to j, correcting for any branching 
froa state i and correcting for cascading froa upper states. 
(4) Since cascading to the 2p state is less than St • (2p)-»(Lynan-«) eaission. 

for Chebyshev fits of the above cross sections it >s necessary to use the following parameters. 

• (2s) E.J,, • 2.0B+03 eV/sou, t m 0 M - 2.0E*0S eV/aao 
*(2p) 2g i n • 4.0t*03 eV/aao, E,,, • 1.5E+0S eV/aau 

Chabvshev fitting paraaeters for Cross Sections 

Ml A! A2 A3 A4 AS AC A7 Ai 

i(2s) -7*.7252 -.5JJ24S -1.5(100 -.431110 
•(2p> -7B.7S41 -1.40375 -.734004 .10(242 

.011070* .051*074 

.120750 -.0254*21 
-.0474474 
.00(05544 

-.001*73(5 
.027(214 .0341011 

The fit represents the 9(2s) cross section with an rns deviation of 
The aaxiaua deviation is 2.54 at 1.0E+0I *V/amu. 

1.3%. 

The fit represents the n(2p) cross section t/lth an ras deviation of 1.5%. 
The aaxiaua deviation Is S.5% at l.lt»05 mV/amu. 

See appendix for Chebyshev fit details. 
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B-lt> 

Line Eatission Cross Sections of Electron Capture Collisions for 
H* • H 2 -> B(Ly«) Total 

Energy Velocity Cross Section 
(eV/aau) (ci/t). (cat2) 

8.2E+01 1.26E+07 7.15E-20 
1.0E+02 1.39E+07 1.37E-19 
2.0E+02 1.96E+07 9.34B-19 
4.0E+02 2.786*0? 4.5CE-1S 
7.0E+02 3.68E+07 1.20B-17 
1.0E+03 4.39E+07 1.69B-17 
1.5E+03 5.38E+07 1.97B-17 
2.0B+03 6.21B+07 2 .118-17 
3.0-:+03 7.61E+07 2.39B-17 
4.QE+03 :.79E+07 2.94E-17 
7.0E+03 1.16E+08 4.30E-17 
1.0B+04 1.39B+08 5.22B-17 
1.4E+04 1.64E+08 5.61E-17 
2.0E+04 1.96E+08 4.87E-17 
4.0E+04 2.78E+08 2.97B-17 
7.OE+04 3.68E+08 1.94E-17 
1.0E+05 4.39E+08 1.4CB-17 
1.4E+05 5.20E+08 1.19B-17 

References: 124, 128, 187, 188, 193, 195, 197 

Accuracy; 40% 

notesi (1) The cross section c i for capture into state i is determined by aeasaring the 
eaission cross section f»jj) for a transition froa state 1 to j, correcting for any 
branching froa state i and correcting for cascading froa upper states. 
(2) The capture cross section into excited states is aeasured by asking use of the 
Ooppler shift. The total »(Ly.) was deterained froa the total of the shifted and 
unshifted radiation. 

Por a Cbebysbev fit of the above cross sections it is necessary to use the following paraaeters. 
B M l n • 8.2E+G1 eV/aau, E^,, - 1.4E+0S eV/aau 

Chebvshev fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 A8 
-79.2785 2.29244 -1.84261 .243522 -.113691 .0377226 .155522 -.0201741 -.0977164 

The fit represents the above cross sections with an ras deviation of 3.41. 
The aexlaua deviation is 6.0% at 2.0E+04 eV/aau. 
See appendis for Chebyahev fit details. 
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H + + H2 - > H(Lyman-a)Total 

Cross Section vs. Energy 
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Line Eaiss ion Croaa Sect ion* of Electron Capture C o l l i a i o n s for 

B + • H 2 -> BIB.. By) 

CH.) 
Energy Cross Sect ion 
e V / d u c .2 

5.0E+O2 2.44E-19 
7.0E+02 ( .10E-19 
1.0E*03 1.13S-1E 
2.0E+C3 2.13E-1B 
4.0E+03 3 .UE-1E 
7.0E+43 4.17E-1B 
1.0E+04 4.95E-1S 
2.0E+04 7 .UB-1S 
3.0E+O4 I.S2E-1B 
4.0E+04 7.(»E-1» 
7.0E+04 3.34E-1S 
1.0E+0S 1.25k-l» 
2.0E+0S 1.0CF-1* 
4.0B+05 4.17E-21 

Energy Cross Sect ion 
eV/aao est 2 

S.OE+02 
7.0E+92 
1.0E«03 
2.QB+03 
4.0E+03 
7.0K«03 
1.0E+04 
2.0E»0« 
4.0E+04 
7.0E+04 
I.QMS 
l .SEtOi 

4.24E-20 
9.3«E-20 
1.61E-19 
3.12B-19 
4.27E-19 
4.9.B-19 
5.17E-19 
4.I2E-19 
2.94E-19 
1.11E-19 
4.45E-20 
1.74E-20 

seferancaat (B.) - 131, 133, 134, 135, 13C, 137, 13t, 139; (H»> - 137, 13S, 139 

Accuracy! Sea notes 

Botes; (1) Large errors are usually aseociated with measuring optical eaiaelon froa excited 
atatas which ariaa froa electron capture, dissociative or excitation collisions. The 
cross section* reported bare are for electron capture colliaions reaulting in Balaer-e 
•mission (n-l->2), l-»5»2.79 X) and Balaer-f eaiasion (n-4->2, 1-41(1.33 A). Errora 
arise aainly froa the detector calibration which for the viaible apectrua variea over 
aany cedars of aagnitude. Me can only eatlaate the error to be aore thrt a factor of 2 
for H.. 
(2) toe B. eaission cross section is found froa the following relation - «(BS) - «(3s) * 
.116«(3p) * .(3d). 
(3) Cascading froa upper levels contribute no aore than St to the aeaaurad croaa 
sections. 
(4) B # cross sectiona below 3xlOJ ev/aau were found by noraalixing Besa'a results (ref. 
137 and 131) to other results at 3xl03 aV/aau. 
(5) Very little data are available for Balmer-* (Bt) amission croas sections. 
(6) B ( cross sections below 3x10* ev/aau ware found by noraalizing Bess's data (refs. 
137 and 13E) at 3x10* eV/aau to Hughes at al data (raf. 139). 
(7) No estiaate ia giver, for errors in the B. dats. 
(E) Dsts ara available for capture in the 4a atata (see refs. 130 and 1321. 

for Chebyshev fits of the above croas sections it is necessary to use tlie i<.)lowing peraaeters. 

(B.) Cain 
fain 

5.0E+02 ev /aau, S , , , - 4.0B+05 eV/aau 
5.PE+02 eV/aau, t m a s • 1.5«*0S aV/aau 

Chebvehev f i t t i n g Parameters for Croaa Sec t ions 

A0 Al A2 A3 A4 
(a.) -13.9403 -1.52055 •2.««*29 - .703430 - .220*54 
(Bj) - I . . I 9 0 7 -.394318 -1.51191 - . 1 ( 4 9 0 * - .14803* 

AS A* A7 A* 
245922 .0371514 -.0525595 -.072791* 
011*213 .04*3(44 .0309715 .00(87359 

Tha fit rapreeenta tha (ft*) eroas section with an raa deviation of 2.2*. 
Tt.t aaiiauc deviation ia 5.11 at 2.01*04 tv/tmu. 
The fit repraaants the (By) cross aection with an iaa delation of 0.*%. 
Tha aexiaua deviation ia 1.1* at l.OEtOl aV/aau. 
$'* appendix for Chebyshev fit detail*. 
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Electron Capture Croas Sections lor 

B* • B 2 -> B(3s,3p,3d) • B 2* 

B 13s) B(3p) B(3d) 
Energy Cross S e c t i o n Energy Cross S e c t i o n Energy Cross S e c t i o n 
e v / a a u c . 2 e v / a a u c . 2 eV/ana e . 2 

1.0E+03 3 .33E-19 2.2E+03 1.18E-18 1.4E+03 4 .27E-19 
2.0E+03 5 .25E-19 4.0E+03 3 .49E-1S 2.0E+03 S.SSE-19 
4.0E+03 S.C7B-19 5.9E+03 4.19E-1S 4.0E+O3 E.89E-19 
7.0E+03 1.45E-1S 7.0E+O3 4.17E-1B 7.0S+03 1.27E-10 
1.0E+04 2 .10E-18 1.0E+O4 3.BCB-1B 1.0E+04 1.57B-1B 
2.0E+04 4.90E-1S 2.0E+04 2 . 8 3 8 - 1 8 l .JE+04 1.C0E-1B 
3.2E+04 7.21E-1B 3.2E«04 l . < 3 t > l « 2.0E+04 1.04E-1S 
4.0E+C4 C.54E-1S 4.0E+O4 1.07E-1B 4.0E+04 3 .94E-19 
7.0E+04 2 .88E-18 7.QE+04 2.9CB-19 7.0E*04 1.03E-19 
1.0E+05 1.1CE-1S 1.0E+05 1.35E-19 1.0E+05 3 .09E-20 
2.0E+0S 9 .99E-20 l.CE+05 4.7CS-20 1.4E*05 B.93E-21 
3.0E+05 1.93E-20 2.0B+05 3 .13E-20 2.0E+05 4 .39E-21 

3.4E+0S 1.01E-20 3.0E+O5 2 .47E-21 

Beferences; B(3s) 129, 130, 131, 132, 133, 134, 135? B(3p) 122, 131, 133, 134, 13C; B(3d) 131, 
134, 13* 

accuracy: See notes 

K&XIi ID Large errors are usually associated vltb Measuring optical eaisslon frost excited 
states which arise either fro* electron capture, dissociative, or excitation collisions. 
The cross sections reported here are for electron capture of the fast proton into a fast 
B atoa. Errors ariae aainly froa absolute calibration of the detector which for the 
visible spectrin varies over ordars of aagnitude frost blue to red. He estiaate the data 
presented to be accurate to a factor of 2. 
(2) The cross section («^) for capture into state i is deterained by aeasurlng the 
eaission cross section (*jj) for a transition froa state i to j, correcting for any 
branching froa state i and correcting for cascading from upper states. 
(3) ror the n»3 levels cascading is less than 5*. 

ror Cbebysbev fits of the above cross sections it is necessary to use the following parameters. 

H< J»> Bain " 1 •••>•' eV/aau, 
B W ^ain " 2.28*03 eV/aau, 
B(3d) £,!„ - 1.4E+03 eV/aau, 

B..X-
«-ax -
«MX • 

3.0E+05 eV/iau 
3.4E+05 eV/aau 
3.0E+0S eV/*au 

Chebvshev rittlnq faraaetets for Cross Sections 

AO Al A2 A3 A4 
B(3s) -14.0392 -.728083 -2.03457 -.8*0699 .0489259 
B(3p) -84.57*8 -2.73107 -1.38(9* .32*474 .0471408 
B(3d> -8*.9132 -2.7*179 -1.747*6 .0*13*82 .392354 

A5 A* A7 A8 
.212089 .0319211 -.0749778 -.0241098 
.0427739 -.0758510 -.0181499 .0430074 
.10128* .0203703 .00824074 -.0805033 

The fit represents the H<3s) cross section with an ras deviation of 2.38. 
The aaxiaua deviation ia 4.0% at 7.0E+04 eV/aau. 

The fit represents the B(3p) cross section with an r»» deviation of 
The aaxiaua deviation is 2.it at l.tt+05 eV/aau. 

1.3%. 

The fit represents the H(3d) cross section with an ras deviation of 
The aaxiaua deviation is 10.4% at 7.0E+03 ev/aau. 

5.0%. 

See appendix for Chebyshev fit details. 
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H + + H - > H(3s, 3p, 3d) 

Cross Section vs. Energy 
-17 
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Doto 
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B-22 

Electron Capture Cross Sections for 
8* + Be -> B(2s) + Be* 

Energy velocity Cross Section 
(ev/aau) (ca/s) (c«2) 

2.8E+03 7.35E+07 S.16B-20 
4.0E+03 8.79E+07 1.45E-19 
7.0E+03 K16E+08 5.91B-19 
1.0E*0« 1.39E+OB 1.03E-18 
1.4E+04 l . (4E*08 1.47B-18 
2.0E+04 1.96E-f08 2.44E-18 
3.0E+04 2.41E+08 5.61B-18 
4.0E+04 2.78E+08 7.74E-18 
5.0E+04 3.11E+08 8.08E-18 
7.0E+04 3.68E+0B 6.60E-18 
1.0E+05 4.39E+08 3.7SE-18 
2.0E+05 6.2lE*08 4.23E-19 

References: 16, 121, 125, 12G, 183, 184, 189, 190, 191 

Accuracy; 50% 

Sote; (1) Tbe vt2s) cross section is found by aixing the 2s state with the 2p state by an 
electric field. 

For Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
E. i n « 2.8E+03 eV/aau, E,,, • 2.0E+05 eV/aau 

Chebvshev Pitting Parameters for Cross Sections 

AO Al A2 A3 A4 AS A6 A7 AS 
-83.0478 1.54023 -1.55597 -.3(4564 -.18(200 .0423931 -.0198717 -.1(6(25 -.072(702 

The fit represents the above cross sections with an ras deviation of 2.5%. 
The aaxlaua deviation is (.2% at 5.02+04 eV/aau. 
See appendix for Chebyshev fit details. 
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H* -I- He - > H(2s) -t- He* 

Cross Section vs. Energy 
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B-24 

Electron Capture Rate Coefficients for 
H* • He -> U(2s) + He* 

Ramellian - Haxwellian Rate Coefficients (cm3/s) 

Teap. Equal Be Teep. (eV) 
(ev; Teap. SOO. 1000. 2000. 4000. 7000 . 10000. 20000. 

2.0E+02 2.8SE-16 3.73E-15 4.23E-14 4.60E-13 3.64E-12 1.48E-11 3.22E-11 1.30E-10 
4.0E+O2 8.08E-14 1.07E-13 3.25E-13 1.32E-12 5.90E-12 1.89E-11 3.78E-11 1.40E-10 
7.0E+02 1.1BE-12 9.32E-13 1.C1E-12 3.64E-12 1.03E-11 2.58E-11 4.68E-11 1.57E-10 
1.0E+03 4.16E-12 2.44E-12 4.16E-12 7.24E-12 1.58E-11 3.35E-11 5.68E-11 1.74E-10 
2.0E+O3 2.70E-11 1.83E-11 2.11E-11 2.70E-11 4.07E-11 6 .58E-11 9.64E-11 2.2SE-10 
4.0E+O3 1.20E-10 8.03E-11 8.5SE-11 9.64E-11 1.20E-10 1.S9E-10 2.03E-10 3.72E-10 
7.0E+03 3.54E-10 2.43E-10 2.S1E-10 2.68E-10 3.02E-10 3.54E-10 4.08E-10 5.86E-10 
1.0E+04 6.20E-10 4.53E-10 4.C2E-10 4.80E-10 5.15E-10 5.68E-10 6.20E-10 7.81E-10 
2.0E+04 1.21E-09 1.04E-09 1.0SE-09 1.06E-09 1.08E-09 1.11E-09 1.13E-09 1.21E-03 

Itotes: For Chebysbev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o use t h e fo l lowing paraaeti 

*ain " 2.0E+02 eV, *aax " 2 - OE+04 ev 

Chebyshev Fitting Paraaeters for Kate Coefficients 
Be 

Teap. 
(eV) A0 Al A2 A3 A4 AS A6 

SOO. -S.1S547E+01 6.12887E+00 -1.10703E+00 1.83SC3E-01 -6 .31506E-02 -4.18133E-02 -5.16887E-03 
1000. -5.02988E+01 5.12782E+00 -S.67743E-01 -2.34476B-02 -1 .29792B-02 -4.S8512E-02 -5.85869E-03 
2000. -4.88467E'-01 4.04429E+00 -9.26042E-02 -1.42687E-01 -1 .51195E-02 -3.17168E-02 -6.C214SE-03 
4000. -4.73254E+01 3.01660E+00 2.18123E-01. -1.579S7E-01 -4 .76884E-02 -1.64944E-02 -1.20711E-03 
7000. -4.60971E+01 2.29486B+00 3.28511E-01 -1.26781E-01 -6 .47340E-02 -1.0S302E-02 4.12821E-03 

10000. -4.S3140E+01 1.88943E+00 3.36913E-01 -1.00227E-01 -6.44137E-02 -9.37217E-03 4.93922E-C3 
20000. -4.37344E+01 1.17101E+00 2.58458E-01 -4.78379E-02 -4 .40287E-02 -8.69295B-03 2.45757E-03 
. Teap. -5.19883E+01 7.03024E+00 -1.90084E+00 S.72322E-01 -2 .68910E-01 2.C6381E-02 -1.15409E-02 

See appendix for Chebyshev fit details. 
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H* + He ->H(2s) + He* 

Maxwellian - Maxwellian 
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B-26 

Electron Capture Rate C o e f f i c i e n t s for 
Be • H* -> H(2s) • He* 

Beaa - Haxvel l ian Date C o e f f i c i e n t s CcaVs) 

Teap. He Energy (eV/astu) 
(eV) 10000. 2000O. 40000. 60000. 80000. 100000. 120000. 

1.0E+00 1 . 4 3 E - 1 0 " 4 . 8 1 E - 1 0 " 2.14E-09* 2.46E-09* 2 . 1 0 E - 0 9 " 1.64E-09** 1 . 0 2 E - 0 9 " 
2-OE+Ou 1.43E-10** 4.81E-10** 2.14E-09* 2.46E-09* 2 . 1 0 E - 0 9 " 1 . 6 4 E - 0 9 " 1 . 0 2 E - 0 9 " 
4.0E+00 1 . 4 3 E - 1 0 " 4 . 8 2 E - 1 0 " 2.14E-09* 2.46E-09* 2.10E-09** 1 . 6 4 E - 0 9 " 1 . 0 2 E - 0 9 " 
7.0E+00 1.42E-10** 4.B4E-10* 2.14E-09* 2.46E-09* 2.10E-09* 1.64E-09** 1 . 0 2 E - 0 9 " 
1.0E+01 1 . 4 2 E - 1 0 " 4.8SE-10* 2.13B-09* 2.46E-09* 2.10E-09* 1.63E-09** 1.C2E-09** 
2.0E+01 1 . 4 2 E - 1 0 " 4.88E-10* 2.13B-09* 2.46E-09* 2.10E-09* 1.63E-09* 1 . 0 2 E - 0 9 " 
4.0E+01 1.43E-10* 4.93E-10* 2.12E-09* 2.46E-09* 2.10E-09* 1.62E-09* 1.02E-09** 
7.0E+01 1.44E-J.0* S.O0E-1O* 2.11B-09* 2.46E-09* 2.10E-09* 1.61E-09* 1.02E-09** 
1.0E+02 1.45E-10* S.07E-10* 2.11B-09* 2.46E-09* 2.10E-09* 1.61E-09* 1 . 0 2 E - 0 9 " 
2.0E+02 1.49E-10* 5.28E-10* 2.09E-09* 2.46E-09* 2.10E-09* 1.59E-09* 1.03E-09** 
4.0E+02 1.59E-10* 5.68E-10* 2.07E-09* 2.45E-09* 2.09E-09* 1.S7E-09" 1.03E-0** 
7.0E+02 1.77B-10* 6.23E-10* 2.05E-09* 2.42E-09* 2.08E-09* 1.56E-09* 1.04E-09* 
1.0E+03 1.97E-10* 6.73B-10* 2.03E-09* 2.39E-09* 2.06E-09* 1.54E-09* 1.05B-09* 
2.0E+03 2.79E-10* 8.12E-10* 1.98E-09* 2.29E-09* 1.99E-09» 1.51E-0S* 1.06E-09* 
4.0E+03 4.63E-10* 1.01E-09* 1.90E-09 2.12E-09* 1.87E-09» 1.46E-09* 1.07E-09* 
7.0E+03 7.11E-10 1.19E-09 1.81E-09 1.92E-09* 1.72E-09* 1.38E-09* 1.05E-09* 
1.0E+04 9.07E-10 1.29B-09 1.73E-09 1.78E-09* 1.59E-09* 1.31E-09* 1.02E-0S* 
2.0E+04 1.27E-09 1.42E-09 1.S4E-09 1.47E-09* 1.31E-09* I .12E-09* 9.16E-10* 

Accuracy: * - P o s s i b l e Error Greater Than 10% 
•* - p o s s i b l e Error Greater Than 1001 

Motes: For Cbebyshev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o us<» the fo l lowing p a r a a e t e r s . 
E , l n » 1.0E+00 eV, E , , , » 2.0E+04 eV 

He 
Energy 
(•V/a«u) A0 

Chebyshev Pitting Paraaeters for tote Coefficients 

Al A2 A3 A4 AS A6 

10000. 
20000. 
40000. 
60000. 
eoooo. 

100000. 

-4.41473E+01 
-4.22126E+01 
-4.00821E+O1 
-3.986028+01 
-4.014992+01 
-4.04316E+01 

120000. -4.14146E+01 -

1.00293E+00 
S.46817B-01 
1.29340E-01 
1.91480E-01 
1.66211E-01 
1.42002E-01 
1.03802E-02 

5.77264E-01 
2.44S71E-01 

•7.16121B-C2 
'1.307S7E-01 
-1.18429E-01 
-8.01346E-02 
-2.66264E-02 

1.69345E-01 
2.72848E-02 

-3.33138E-02 
-6.51877B-02 
-6.40569E-02 
-4.14812E-02 
-3.13729E-02 

20278E-02 
.37757E-02 
,320726-02 
.04843E-02 
.40368E-G2 
,)5460E-02 

-2.24983E-02 

-7 .82819E-02 
-3.23001E-02 
-4.05181E-03 
-1.38003E-03 
-4.53618E-03 
-9.87334E-03 
-1.04J22E-02 

-4.04936E-C2 
-7.56613E-03 
-1 .23221E-03 

2.12462B-03 
8.86157E-04 

-2.92063E-03 
-2.8829SE-03 

See appendix for Ch.byshev f i t d e t a i l s . 
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He + H* ->H(2s> + He* 

Beam - Maxwellian 
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8-28 

Electron Capture Cross S e c t i o n s for 
B* • Be -> H(2p) • Be* 

Energy 
(eV/anu) 

V e l o c i t y 
( c a / s l 

Cross S e c t i o n 
( c a 2 ) 

OE+02 
OB+03 
OE+03 
0E+33 
OE+03 
08+84 
OE+04 

3.OE+04 
4.0E+0* 
7 . 0 0 0 4 
l.OE+OS 
2.0E+0S 
3.CE+0S 

3.60E+07 
4.39E+07 
6.21E+07 
B.79E+07 
1.16E+08 
1.39E+00 
1.96E+0S 
2.41E+00 
2.70B+00 
3.6SE+0S 
4.39B+00 
6.218+08 
7.61E+00 

2.02E-20 
4.40E-20 
2.10E-19 
6.03E-19 
1.57E-1S 
2.32E-H 
3.14B-10 
2.80E-1P 
2.17E-18 
8.52B-19 
3.93B-19 
3.96E-20 
9.74E-21 

•etetencest 24, 46, 125, 103, 104, 165, It*. 103, 104, 105, ISO, 187, 100, 245 

Accuracyr 301 

•otes: (1) If cascade is neglected «(B I.y.) - «(B 2p). Cascade contributions are less than 5%. 
(2) The cross sections for capture into the 2p state or Ly» emission nave large 
discrepancies at energies less than 1x10* eV/amu. These discrepancies are thought to be 
due to a saall amount of B° present in the B* beast during measurements. The cross 
section for excitation of B • Be -> B(2p) is approximatly £ orders of magnitude greater 
than B* • Be -> B(2p) • Be*. 

for a Cbebyshev fit of the above cross sections it is necessary to use the following parameters. 
• 7.OE+02 eV/amu, 3.0E+05 ev/asu 

Chebvshev Pittiwg Parameters for Cross Section* 

AO Al A2 A3 
-86,2710 -.0743636 -2.70622 -.368010 

A4 AS A6 A7 A8 
4743916 .07476(2 .019536* .00225497 .0337284 

The fit represents the above cross sections with an rm* deviation of 
The maximum deviation is 4.1% at 7.0E+04 tv/emu. 
See appendix for Chebyshev fit details. 

1.9%. 
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H* + He - > H(2p) + He* 

Cross Section vs. Energy 
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Chebyshev Fit 
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B-JU 

Electron Capture Rate Coefficients for 
H* • He -> H(2p) • He* 

•axvellian - Naxvellian Rate Coefficients (cs3/s) 

B' 
¥esp. Equal 
(eV) tea*. 100. 1000. 

Be Teap. <ev) 
2000. 4000. 7000. 10000. 20000. 

4.0B+01 
7.0E+01 
1.0E+02 
2.0E+02 
4.0B+02 
7.0E+02 
1.0E+03 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+04 

3.31E-18 
1.22E-15 
1.36B-14 
2.97B-13 
2.38B-12 
9.28E-12 
2.02E-11 
7.43E-11 
1.96E-10 
3.27B-10 
3.98E-10 
4.33B-10 

7.92E-17 
2.29E-15 
1.36B-14 
2.03E-13 
1.S3B-12 
6.00E-12 
1.32E-11 
5.16E-11 
1.50E-10 
2.76E-10 
3.57E-10 
4.38E-10 

4.90E-13 
6.69B-13 
8.78B-11 
1.79B-12 
4.61E-12 
1.12E-11 
2.02B-11 
6.21E-11 
1.C1E-10 
2.83B-10 
3.62B-10 
4.39E-10 

2.90B-12 
3.33E-12 
3.79E-12 
5.52E-12 
9.89E-12 
1.8SE-11 
2.93B-11 
7.43E-11 
1.73E-10 
2.92E-10 
3.66E-10 
4.39E-10 

1.36E-11 
1.45B-11 
1.54E-11 
1.8SB-11 
2.55E-11 
3.73E-11 
5.0SE-11 
9.92E-11 
1.9CE-10 
3.07E-10 
3.75E-10 
4.39E-10 

4.11E-11 
4.2SE-11 
4.38E-11 
4.82E-11 
5.74B-11 
7.18E-11 
8.66E-11 
I .37E-10 
2.28B-10 
3.27E-10 
2 8 7 E - 1 0 
4.38E-10 

7.62E-11 
7.77B-11 
7.92B-11 
8.41B-11 
9.42E-11 
1.09B-10 
1.24E-10 
1.73B-10 
2.57E-10 
3.45E-10 
3.98E-10 
4.38E-10 

1.98E-10 
1.99E-1C 
2.00E-10 
2.05E-10 
2.13E-10 
2.26B-10 
2.38E-10 
2.75E-10 
3.34E-10 
3.91B-10 
4.22B-10 
4.33E-10 

Motes: For Chebyshev f i t s of tbe above rate c o e f f i c i e n t s i*- i s necessary t o use the fo l lowing paraaeters 

Bain 4.0E+01 eV, 2.0E+04 eV 

Chebyshev P i t t i n g Paraaeters for Rate C o e f f i c i e n t s 

teap. 
(eV) AO M A2 A3 A4 AS A6 

100. -5.42320E+01 7.44291E+00 -2.03521E+00 2.94202E-01 -1.85784E-01 2.90S90E-02 2.43336E-02 
1000. -4.97005E+01 3.78186E+00 -7.01113E-02 -4.11S09E-01 -2.83920E-02 2.87633E-02 2.447S6B-03 
2000. -4.83079E+01 2.82754E+00 1.63410E-01 -3.4M27E-01 -7.46954E-02 2.85450B-02 8.40255E-03 
4000. -4.69020E+01 1.95707E+00 2.50111E-01 -2.30851E-01 -9.41042B-02 9.45349E-03 1.19992E-02 
7000. -4.57899E+01 1.32780E+00 2.41351E-01 -1.38821E-01 -8.61534E-02 -6.49S49E-03 8.83775E-03 
10000. -4.512958*01 9.78457E-01 2.08879E-01 -9.24217E-02 -7.29486E-02 -1.2798SE-02 5.37477E-03 
20000. -4.40453E+01 4.43773E-01 1.1J537E-01 -3.78696E-02 -4.20886E-02 -1.39142B-02 -2.744S1E-04 

Equal Teap. -5.47397E+01 8.28139E+00 -2.97971E+00 8.85229E-01 -5.12815E-01 1.97141E-01 -4.18393E-02 

See appendix for Chebyshev f i t d e t a i l s . 
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B-32 

Electron Capture Rate Coefficients for 
Be • B+ -> Hl2p) • Be* 

Beast - Haxvellian Rate Coefficients (c« 3 / s ) 

Teap. Be Energy (eV/ssiu) 
CeV) 10000. 20000. 40000. 60000. 80000. 100000. 200000. 

l.ftE+00 3.21E-10 6.15E-10 6.02E-10 3.75E-10 2.51E-10* 1.72E-10* 2.40E-11** 
2.0E+00 3.21E-10 6.15E-10 6.01E-10 3.75E-10* 2.51E-10* 1.72E-10* 2.40E-11** 
4.0E+00 3.20E-10 6.14E-10 6.01E-10 3.75E-10* 2.51E-10* 1.72E-10* 2.40E-11** 
7.0E+00 3.20E-10 6.13E-10 6.00E-10 3.75E-10 2.51E-10* i .#2E-10* 2.40E-11** 
1.0B+01 3.19E-10 6.12E-10 5.99E-10 3.75E-10 2.51E-10* 1.72E-10* 2 .40E-11** 
2.0E+01 3.18E-10 6.10E-10 5.98E-10 3.75E-10 2.51E-10* 1.71B-10* 2.40E-11** 
4.0E+01 3.18E-10 6.08E-10 5.96E-10 3.75E-10 2.51E-10 1.71B-10* 2.40E-11** 
7.0E+01 3.17E-10 6.05B-10 5.93E-10 3.75E-10 2.51E-10 1.70E-10* 2.40E-11** 
1.0E+02 3.17E-10 6.03E-10 5.92E-10 3.76E-10 2.51E-10 1.70E-10* 2.40E-11** 
2.0E+02 3.19E-10 5.99E-10 5.87E-10 3.7CE-10 2.S2E-10 1.69E-'.0* 2.41E-11** 
4.0E+02 3.25E-10 5.94E-10 5.81E-10 3.76E-10 2.52E-10 1.68E-10 2.43E-11** 
7.0E+02 3.35E-10 5.88E-10 5.72E-10 3.77E-10 2.52B-10 1.68E-10 2.45E-11** 
1.0E+03 3.46E-10 5.82E-10 5.64E-10 3.77E-10 2.53E-10 1.68E-10 2.48B-11** 
2.0E+03 3.75E-10 5.64E-10 5.41E-10 3.75E-10 2.53E-10 1.68E-10 2.56B-11* 
4.0E+03 4.13E-10 5.34E-10 5.02E-10 3.6tE"10 2.52E-10 1.71E-10 2.75E-11* 
7.0E+03 4.40E-10 5.01E-10 4.58E-10 3.49E-10 2.49E-10 1.74E-10 3.04E-11* 
1.0E+04 4.50E-10 4.75E-10 4.24E-10 3.31E-10 2.44E-10 1.75E-10 3.34B-11* 
2.0E+04 4.33E-10 4.12E-10 3.51E-10 2.83E-10 2.22E-10 1.71E-10 4.25B-11* 

Accuracy: * - Possible Enor Greater Than 10% 
*• - Possible Error Greater Than lOOt 

Note*: For Chetyshev f i t s of the above rate coeff ic ients i t i s necessary to use the following parameters. 
E „ i n - 1.0E+00 eV, t^g - 2.0E+04 eV 

Chebvshev Fitting Parameters for Rate Coefficients 
Be 

Energy 
UV/aau) A0 Al A2 A3 A4 A5 A6 

10100. -4.35175E+01 1.70837E-01 8.90710E-02 3.52059E-03 - 1 . 1 9 ? 4 3 E - 0 2 2.jilait-\il -9 .06765E-03 
20010. -4.26087E+01 -1.54555E-01 -8.94632E-02 -4.26611B-02 -1.61171E-02 -3 .24065E-03 7.74472E-04 
40000. -4.27112E+01 -2.07196E-01 -1.26305E-01 -5.98268E-02 -2.07064E-02 -3.3965SE-03 1.43741E-03 
60000. -4.34961E+01 -8.32780E-02 -6.90413E-02 -4.755866-02 -2.57998E-02 -1 .00636E-02 -1 .67943E-03 
80000. -4.42403E*C1 -2.77368E-02 -2.78472E-02 -2.36213E-02 -1.56284E-02 -8.38900E-03 -4.20444E-03 

100000. - 4 . ^ - , 5 4 E * 0 1 -4.83485E-04 1.15859E-02 4.48823E-03 -4.64650E-03 -6 .95457E-03 -5.16220E-03 
200000. -4.8b„D2E+0) 2.01513E-C1 1.40611E-01 7.66020E-02 3.17782B-02 8.85564E-03 7.47137E-05 

See appendix for Chebyshev f i t de ta i l s . 
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He + H* ->H(2p) + He* 

Beam — Maxwellian 

<-9 
1 0 I 1 I I 11111| 1 ' I l l l l l | 1 I I l l l l l j 1 I I I > 111| 1 I I 11 I I I 

in 

E 

o 
U 

"o ex. 

10 

He Energy 

(eV/amu) 

A -10000. 

x = 2 0 0 0 0 . 

v = 4 0 0 0 0 . 

K = 6 0 0 0 0 . 

® = 8 0 0 0 0 . 

ffl = 100000. 

• = 2 0 0 0 0 0 . 

Recommended 
-Doto 

Chebyshev Fit 

r M l t i l l m i l i i i i m i l i i i m i l l [ I i U l l l l I I I l l l l l l 

10° io ia io 
H* Temp. (eV) 

10T 10' 



B-34 

Line Enission Cross Sections of Electron Capture Collisions for 
B* + He -> H(H.) • He* 

Energy 
(eV/aau) 

Velocity 
(csi/s) 

Cross Section 
(csi2) 

1.3E+03 
2.0B-»03 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+04 
4.0E+04 
7.1E+04 
1.0E+OS 
2.0E+0S 
3.0E+05 

5.01E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.96E+08 
2.78E+08 
3.70E+08 
4.39E+08 
6.21E+08 
7.61E+08 

S.94E-21 
1.62E-20 
6.73E-2C 
2.14E-19 
4.29E-19 
1.45E-18 
2.92E-18 
1.90E-18 
1.13E-18 
1.74B-19 
4.13E-20 

References: 122, 134, 136, 136, 156, 160, 192 

Accuracy; 40% 

Motes: (1) B Balaer-« eaission is H, with Jl«656.3 na. 
(2) Bal»er-« emission is the n»3->2 transition and is equal to «(3s) + .118 «(3p) + 
• (3d) where «(31) is the cross section for capture into each n«3 angular aoaentua state. 
The factor .118 is for the branching ratio of the 3p state. 
(3) If the cross sections froa pages B-40, B-46 and B-52 are suaaed using this foraula 
then the B a cross sections are within 10-20% of the evaluated suas. 

For a Chebyshev fit of the above cross sections it is necessary to use the following paraaeters 
£„!„ - 1.3E+03 eV/aau, t m A X • 3.0E+05 eV/aau 

Chebyshev Fitting Paraaeters for Cross Sect ons 

A0 Al A2 A3 A4 A5 A6 A7 AS 
-86.7431 1.47945 -2.26092 -.605332 .0536620 .125835 -.00401562 -.0314533 -.0205645 

The fit represents the above cross sections with an rns deviation of 2.4%. 
The aaxiaua deviation is 5.5% at 7.1E+04 eV/aau. 
See appendix for Chebyshev fit details. 
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H + + He - > H(H ) + He* 

Cross Section vs. Energy 
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B-36 

Line Eniss ion Bate C o e f f i c i e n t s of E lec t ion Capture C o l l i s i o n s for 
H* + He -> H(H«) • He* 

Hexve l l ian - Maxwellian Rate C o e f f i c i e n t s ( c a 3 / s ) 

Teap. 
(eV) 

Equal 
Teap. 100. SOO. 1000. 

Be Te*p. (eV) 
5000. 10000. 15000. 20000. 

1.0E+02 
2.0E+02 
4.0E+02 
7.0E+02 
1.0E+03 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+04 

4.62E-17 
8.39E-15 
1.S4E-13 
8.25E-13 
2.14E-12 
1.21E-11 
5.67E-11 
1.54E-10 
2.49E-10 
4.27E-10 

4.62E-17 
4.63B-15 
8.75E-14 
4.86E-13 
1.27E-12 
7.26E-12 
3.60E-11 
1.08E-10 
1.88B-10 
3.80E-10 

4.63E-1S 
3.00B-14 
1.81E-13 
7.01B-13 
1.62E-12 
8.18E-12 
3.79E-11 
1.10E-10 
1.91E-10 
3.81E-10 

4.11E-14 
1.07E-13 
3.53E-13 
1.03E-12 
2.14E-12 
9.40B-12 
4.04B-11 
1.14E-10 
1.94B-10 
2.SiB-10 

2.61E-12 
3.14E-12 
4.36E-12 
6.62E-12 
9.40E-12 
2.24E-11 
6.25E-11 
1.41B-10 
2.20B-10 
3.94E-10 

33E-11 
451-11 
72B-11 
16E-11 
64E-11 
56B-11 
38B-11 
75E-10 
49E-10 

4.07B-10 

3.27E-11 
3.45F-11 
3.842-11 
4.46E-11 
5.11E-11 
7.47B-11 
1.27B-10 
2.07E-10 
2.77B-10 
4.18B-10 

5.90B-11 
6.13E-11 
61E-11 
34E-11 
10E-11 
07E-10 
61E-10 
38E-10 
02E-10 

4.27E-10 

Motes: For Chebysbev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o use the fo l lowing parameters 
Ejji,, » 1.0E+02 eV, i n a x • 2.0E+04 eV 

Chebyshev P i t t i n g Parameters for Rate C o e f f i c i e n t s 

Teap. 
(eV) A0 Al A2 A3 A4 A5 A6 

100. -5.56271E+01 7.54225E+00 -1.58664E+00 3.76818F.-01 -2 .66300E-01 4.31633E-02 1.3S706E-O2 
500. -5.35452E+01 5.80636E+00 -S.23960B-01 -1.37429B-01 -6 .79972B-02 -9.7983SE-03 1.77516E-02 

1000. -5.22967E+01 4.84928E+00 -6.69532E-02 -2.78274E-01 -4 .61871B-02 -1 .88369E-03 9.07721E-03 
5000. -4.89693E+01 2.71099E+00 4.02894B-01 -2.04786E-01 -8 .927028-02 1.65791B-03 8.93841E-03 

10000. -4.72849E+01 1.82717E+00 3.81313E-01 -1.07442E-01 -7 .83908B-02 -9 .544372-03 C.43829E-03 
15000. -4.62748E+01 1.34714E+00 3.25406E-01 -6.01114E-02 -6 .20496B-02 -1 .28087E-02 3.45512E-03 
20000. -4.55796E+01 1.037S2E+00 2.73271E-01 -3.47245E-02 -4 .87660B-02 -1.29500E-02 1.49966E-03 

Bqual Teap. -5.48859E+01 7.46410E+00 -1.79561E+00 4.S2870E-01 -3 .47418B-01 1.03439E-01 -8 .24S63E-03 

See appendix for Chebyshev f i t d e t a i l s . 
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H* + He - > H(H ) + He* 
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B-38 

Line Emission Rate Coefficients of Electron Capture Collisions for 
Be + B* -> B(B«) + Be* 

Bea« - Haxvellian Rate Coefficients (c» 3 /«) 

Teap. Be Energy (eV/aani ) 
(eV) 10000. 20000. 40000. 60000. 80000. 100000. 200000. 

1.0E+00 j . 9 6 6 - 1 1 * 2.84E-10* 8.07E-10* 7.33E-10* 6.23E-10* 4.95E-10* 1.08E-10** 
2.0E+00 5.96E-11* 2.84E-10* 8.06E-10* 7.33E-10* 6.23E-10* 4.95E-10* 1.08E-10** 
4.0E+03 5 .965-11* 2.B3E-10* 8.03E-10* 7.33E-10* 6.23E-10* 4.94E-10* 1.08B-10** 
7.0E+00 5.97B-11* 2.83B-10* 8.01E-10* 7.33E-10* 6.23E-10* 4.94E-10* 1 . 0 8 E - 1 0 " 
1.0E+01 5.98E-11* 2.83B-10* 7.99E-10 7.33B-10* 6.23E-10* 4.93E-10* 1.08E-10** 
2.0E+01 6.C1E-11* 2.82E-10 7.94E-10 7.33E-10* 6.23E-10* 4.92E-10* 1.08E-10** 
4.0B+01 6.08B-11* 2.82B-10 7.87E-10 7.33E-10 6.23E-10* 4.90E-10* 1 . 0 7 B - 1 0 " 
7.0E+01 6.18E-11* 2.82E-10 7.80B-10 7.33E-10 6.23E-10* 4.88E-10* 1 . 0 7 E - 1 0 " 
1.9E+02 6.29E-J1* 2.83E-10 7.74E-10 7.33B-10 6.23E-10* 4.87E-10* 1.07E-10** 
2.0E+02 6.67E-11 2.8SE-10 7.60E-10 7.33E-10 6.23E-10 4.84E-10* 1.07E-10** 
4.0E+02 7.45E-11 2.92B-10 7.42E-10 7.31E-10 6.21E-10 4.79E-10* 1.07E-10** 
7.0E+02 8.6SE-11 3.04E-10 7.24E-10 7.27E-10 6.17E-10 4.75E-10* 1.07E-10** 
1.0E+03 9.83E-11 3.16E-10 7.11E-10 7.22B-10 6.12B-10 4.72B-10* 1.07B-10** 
2.0E+03 1.36E-10 3.S2E-10 6.80E-10 7.02E-10 5.97E-10 4.64E-10* 1.09E-10* 
4.0E+03 2.05E-10 4.00E-10 6.43E-10 6.60E-10 5.69E-10 4.S1E-10 1.12E-10* 
7.0E+03 2.87B-10 4.40E-10 6.04E-10 6.08B-10 S.33E-10 4.33E-10 1.17E-10* 
1.0E+04 3.46E-10 4.63E-10 5.75E-10 S.68E-10 5.02E-1C 4.16E-10 1.22E-10* 
2.0E+04 4.46E-10 4.86E-10 5.07E-10 4.79E-10 4.27E-10 3.67E-10 1.33E-10* 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

•otea: For Cbebyahev f i t s of the above rate coefficients i t ia necessary to use the following paraneters. 
Emi,, - 1.0B+00 eV, E^,, • 2.0E+04 eV 

Chebyahev Pitting Parasieters for Rate Coefficients 
He 

Energy 
(ev/a»u) A0 Al A2 A3 A4 AS A6 

10000. -4.58848E+01 9.71807E-01 4.83279E-01 9.11138E-02 -6.12690E-02 -5 .76723E-02 -1 .79106B-02 
20000. -4.365078*01 2.64211E-01 1.43555E-01 2.70221E-02 -2 .48764E-02 -2 .40082E-02 -7 .54802E-03 
40000. -4.21414E+01 -2.00867E-01 -8.98633E-02 -2 .87027E-02 -8.54506E-03 -3.26747E-03 -1.21561E-03 
60000. -4.22369E+01 -1.51900E-01 -1.08731E-01 -5 .90440E-02 -2.19357E-02 -1.21591E-03 2.30144E-03 
80000. -4.2S414E+01 - : .32445E-01 -9.43661E-02 -5.17183E-02 -2 .05460E-02 -5.15132E-03 -3.15003E-04 

100000. -4.29896E+01 -1.10475E-01 -6.22264E-02 -3.20171E-02 -1.65763E-02 -7.76766E-03 -2.70010E-03 
200000. •4.S8241E+01 7.16963E-02 5.83098E-02 3.32118E-02 1.21459E-02 1.47440E-03 -1.87694E-03 

Baa appendix for Chabyshav fit de ta i l s . 
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He + H + - > H(H ) + He+ 
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B-40 

Electron Capture Cross Sections for 
a* * He -> Hl3s) • He* 

Energy Velocity Cross Section 
CeV/amu) <cm/s) (cm2> 

1.2E+03 4.81E+07 7.9CE-20 
2.0E+03 6.21E+07 9.72B-20 
4.0E+O3 8.79E*07 1.39E-19 
7.0E+03 1.16B+08 1.94E-19 
1.0E+04 1.39E+08 2.59E-19 
2.0E4 04 1.96E+08 6.57E-19 
4.0E+O4 2.78E+08 1.65E-18 
4.4E+04 2.91B+08 1.67E-18 
7.0E+04 3.68E+08 1.20E-18 
1.0E+OS 4.39E+08 7.58E-19 
2.0E+05 6.21E+08 1.65E-19 
4.0E+05 8.78E*08 1.10E-20 
7.0E+05 1.16E+09 1.16B-21 
1.0E* * 1.39E+09 2.40E-22 
1.3E+06 1.58E+09 6.65B-23 

References! 20, 129, 130, 134. 154, 155, 156, 157, 158, 159, 160, 1(1 

Accuracy; unknown 

Motes; (1) Very few papers report absolute cross sect ions . The overall assessment of the data 
i s in doubt due to the validity of the different normalization schemes. 
(2) Cascade from higher states i s usually neglected and can contribute up to a 5% error 
in the reported crocs sections. 
(3) The cross section l« A ) for capture into s tate i is determined by measuring the 
emission cross section («jj) for a transition from state i t o J, correcting for any 
branching and correcting for cascading from upper s tates . For Balaer- • emission from 
the n«3 s ta te , the cross section «(H.)««{3s) • .188 «(3p) • «(3d). 

For a Chebyshev f i t of the above cross sections i t is necessary to use the following parameters. 
£„!„ • I.2E+03 eV/amu, t m a x • 1.3E+06 eV/amu 

Chebyshev Fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS AC A7 A8 
-89.3963 -2.75333 -3.10976 -.952686 .352124 .248416 -.119805 -.0706000 .0607563 

The f i t represents the above cross sections with an rms deviation of 7,1%, 
The maximum deviation is 12.3% at 7.0E+04 eV/amu. 
See append, it for Chebyshev f i t de ta i l s . 
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B-42 

E l e c t i o n Capture Bate C o e f f i c i e n t s for 
B* • Be -> B<3s) • He* 

Kaxvel l ian - Maxwellian Bate C o e f f i c i e n t s f c n J / s ) 

(ev) 
Equal 
Tea*. 100 . 500. loeo. 

Be Tea*). 
5000. 

(eV) 
10000. 15000. 20000. 

1.0E+02 
2.0E*02 
4.0B+02 
7.0E+02 
1.0E+C3 
2.OE+03 
4.08*03 
7.0E+03 
1.08*04 
2.0E+04 

1.048-15 
1.02E-13 
1.02B-12 

988-12 
99B-12 
23E-11 
44E-11 
42E-11 
37E-10 
48E-10 

1.04E-15 
6.14B-14 
6.72B-13 
2.17E-12 
3.78E-12 
9.31B-12 
2.44E-11 
5.98E-11 
1.03E-10 
2.17B-10 

6 .I4E-14 
2.92B-13 
1.14E-12 
2 .718-12 
4.32E-12 
9 .918-12 
2.54E-11 
6.12E-11 
1 .048-10 
2.17E-10 

3.76E-13 
7.83E-13 
1.78E-12 
3.38E-12 
4.99E-12 
1.07B-11 
2.66E-11 
6.29E-11 
1.06E-10 
2 .188-10 

5.53E-12 
6.07E-12 
7 .178-12 
8.87B-12 
1.07B-11 
1 .77E-H 
3.72E-11 
7.70B-11 
1.20E-10 
2.26B-1C 

1.30E-11 
1.36E-11 
1.51E-11 
1.73E-11 
1.97E-11 
2.91B-11 
5.27E-11 
9.50E-11 
1.37E-10 
2.34E-10 

2.28E-11 
2.37E-11 
2.56E-11 
2.86E-11 
3.17E-11 
4.32E-11 
6.98E-11 
1.13B-10 
1.53E-10 
2.42E-10 

3.5SE-11 
3.67B-11 
3.90E-11 
4.26E-11 

.63E-11 

.948-11 

.78E-11 

.308-10 

.688-10 

.488-10 

Botes : For Chebysber f i t s of t h e above ca te c o e f f i c i e n t s i t i s necessary t o use the fo l lowing p a r a a e t e r s . 
E. i , , • 1.08*02 eV, E j , , - 2 .08*04 eW 

Chebvshev P i t t i n g Paraaeters for Bate C o e f f i c i e n t s 
Be 

Tsavp. 
(eV) A0 Al A2 A3 A4 A5 A6 

100. -5.37012E+01 5.517368*00 -1.266318*00 6 .418198-01 -2 .597178-01 -3 .506908-02 -8 .796758-04 
500. -5.19390E+01 4.016668*00 -2.93656E-01 1.478078-01 -7 .576528-02 -7 .865688-02 3.198668-03 

1000. -5.097258*01 3.251918*00 1.17635E-01 -4 .41960B-03 -5 .456418-02 -6 .544378-02 -4 .411208-03 
5000. -4.892968+01 1.942638+00 4.86039B-01 - 5 , 6 ? 018-02 -8 .775108-02 -3 .177348-02 -1 .684418-04 

10000. -4.795208*01 1.507558*00 4.27186E-01 -3 .565S2E-02 -7 .519448-02 -2 .470798-02 1.687078-03 
15000. -4.724568+01 1.223388*00 3.576638-01 -2 .27359B-02 -5 .994258-02 -2 .007768-02 7.63417E-04 
20000. -4.668188*01 1 .0020ie*00 2.996498-01 -1 .363308-02 -4 .722628-02 -1 .656998-02 -1 .652578-05 

Equal Trap. -5.312678*01 5.479378*00 -1.362758*00 6.939168-01 -3 .799248-01 1.827898-02 -3 .075748-03 

See appendix for Chebyshev f i t d e t a i l s . 
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H* + He - > H(3s) + He* 

Maxweilian — Maxwellian 
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B-44 

Electron Capture Rate Coefficients for 
Be + B* -> H(3s) • Be* 

Beaa - Haxvellian Rate Coefficients (cmr/s) 

Te»p. Be Energy (eV/asiu) 
(eV) 10COO. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 3.61E-11 1.29E-10 4.57E-10 4.40E-10 3.32E-10 1.02E-10 4.40E-12* 
2.0E+C0 3.62E-11 1.29E-10 4.56E-10 4.40E-10 3.32E-10 1.02B-10 4.40E-12* 
4.0E+00 3.62E-11 1.29E-10 4.55E-1C 4.40E-10 3.32E-10 1.02E-10 4.40B-12* 
7.0E+00 3.63B-11 1.29E-10 4.S4B-10 4.40E-10 3.32E-10 1.02E-10 N40B-12* 
1.0E+01 3.64E-11 1.29E-10 4.54E-10 4.39E-10 3.31E-10 1.02E-10 4.40E-12* 
2.0E+Q1 3.*7E-11 1.30E-10 4.52E-10 4.39E-10 3.31E-10 1.02E-10 4.41B-12* 
4.0P+01 3.72E-11 1.30E-10 4.50B-10 4.38E-10 3.30E-10 1.01B-1C 4.41E-12* 
7.0E+01 3.78E-11 1.31E-10 4.47B-10 4.37B-10 3.29E-10 1.01E-10 4.41B-12* 
1.0E+02 3.83B-11 1.32E-10 4.44E-10 4.36B-10 3.28E-10 1.01E-10 *..«1E-12* 
2.0E+02 4.01E-11 1.35E-10 4.3BE-1C 4.33E-10 3.26E-10 9.99E-11 4.42B-12 
4.0E+02 4.35E-11 1.40E-10 4.29B-10 4.30B-10 3.24E-10 9.92E-11 4.44E-12 
7.0E+02 4 .8CE-U 1.49E-10 4.19E-10 4.27E-10 3.21B-10 9.86B-11 4.47E-12 
1.0E+03 5.37E-11 1.57E-10 4.12E-10 4.24E-10 3.19E-10 9.82E-11 4.50E-12 
2.0E+03 7.17E-11 1.82E-10 3.96E-10 4.14B-10 3.14E-10 9.78E-11 4.60E-12 
4.0E+03 1.C8E-10 2.16E-10 3.78B-10 3.93E-10 3.06E-10 9.84E-11 4.81E-12 
7.0E+03 1.S6E-10 2.47E-10 3.59E-10 3.66E-10 2.93E-10 1.00E-10 5.14E-12 
1.0E+04 1.93E-10 2.66E-10 3.46E-10 3.44E-10 2.82E-10 1.02E-10 5.S1E-12 
2.0E+04 2.61E-10 2.90E-10 3.13E-10 2.94E-1Q 2.48E-10 1.06E-10 7.04E-12 

Accuracy: * - Possible Error Greater Than 10% 
•• - Possible Error Greater Than 100% 

Motes: For Chebyehev fits of the above rate coefficients it is necessary to use the following paraaetcr*. 
E,,^ - 1.0E+00 eV, E,,,, - 2.0E+04 eV 

Chebyshev Pitting Parameters for Rate Coefficients 
Be 

Energy 
(ev/anu) A0 Al A2 A3 A4 hi A6 

10000. -4.69590E+01 9.17776B-01 4.84822E-01 1.28148E-01 -3.38227B-02 -S.58964E-02 -2.93167E-02 
20000. -4.50524E+01 3.95677E-01 1.97669E-01 3.56569E-02 -3.01554E-02 -2.88658E-02 -9 .74226B-03 
40000. -4.32289E+01 -1 .650748-01 -7.60355E-02 -2 .21081B-02 -4.24972B-03 -1.82033E-03 -1.77544E-03 
70000. -4.32420E+01 -1.48289E-01 -9.51993E-02 -4.97051E-C2 -2.06125E-02 -S.32942E-03 1.01964E-03 

100000. -4 .377868*01 -1.05527E-01 -6.21604E-02 -3 .23418E-02 -1.67932E-02 -7.71384E-03 -2 .68575E-03 
200000. -4.60232E+01 3.14283E-05 2.12471E-P; 1.95060E-02 8.72740E-03 1.21S1SE-03 -1.62909E-O3 
500000. -5.21281E+01 1.52077E-01 1.10093k-CI 6.67186E-02 3.41707E-02 1.4915)E-02 5.83661E-03 

See appendix for Chebyshev fit details. 
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He + H + - > H(3s) + He* 

Beam — Maxwellian 
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B-46 

Electron Capture Cross Sections for 
H* • Be -> Ht3p) • Be* 

Energy Velocity Cross Section 
(ev/amu) (cm/s) (cm2) 

1.7E+03 5.73E+07 1.35E-19 
2.0E+03 6.21E+07 1.48E-19 
4.0E+03 8.79E+07 2.45E-19 
7.0B+03 1.16E+08 3.84E-19 
1.0E+04 1.39E+08 5.13E-19 
2.0E+04 1.96E+08 8.57E-19 
3.6E+04 2.64E+08 1.14E-18 
4.0E+04 2.78E+08 1.14E-18 
7.0E+04 3.6SE+08 7.28E-19 
1.0E+05 4.39E+08 3.49E-19 
2.0E+05 6.21E+08 3.95E-20 
4.0E+05 8.78E+08 1.7SE-21 
7.0E+05 1.16E+09 1.02E-22 
1.0E+06 1.39E+09 1.44E-23 
1.2E+06 1.52E+09 4.95E-24 

References: 134, 136, 156, 157, 159, 160, 163, 164, 165, 16C, 167 

Accuracy: Unknown 

notes: (1) Very few papers report absolute cross sections. The overall assessment of the data 
is in doubt due to the validity of the different normalization schemes. 
(2) Cascade from higher states is usually neglected but can contribute up to 5% error in 
the reported cross section measurements. 
(3) The cross section (Oj) for capture into state i is determined by measuring the 
emission cross section (»i-j) for a transition from state i to j, correcting for 
cascading from upp..: states and correcting for any branching. For 6«ilaer-« emission 
from the n»3 state the cross section «(B»i««(3s> * .116«(Jp> * «(3d). 

For a Chebyshev fit of the above cross sections it is necessary to use the following parameters. 
E,,^ - 1.7E+03 eV/amu, t,,, - 1.26+06 eV/amu 

Chebyshev Fitting parameters for Cross Sections 

AC Al A2 A3 A4 A5 A6 A7 A8 
-90.6049 -4.52585 -3.52507 -.678448 .325826 .143519 -.0657813 -.0500666 .0154546 

The fit represents the above cross sections with an rss deviation of 1.7«. 
The maximum deviation is 3.6% at 2.0E+0< ev/ar>u. 
See epp«ndlx for Chebyshev fit details. 
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H + + He - > H(3p) + He+ 

Cross Section vs. Energy 
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B-48 

Electron Capture Rate C o e f f i c i e n t s for 
H* • Be -> B(3p) + Be* 

Maxwellian - Maxwellian Rate C o e f f i c i e n t s (c« / s ) 

Temp. Cqual 
(eV) Teap. 100. S00. 1000. 

Be Teap. (eV) 
SC00. 10000. 15000. 20000. 

1.0E+02 
2.0E+02 
4.0E+02 
7.0E+02 
1.0E+03 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+04 

4.48E-17 
3.19E-14 
8.46E-13 
3.74E-12 
7.38E-12 
2.12E-11 
5.24E-11 
9.84E-11 
1.35E-10 
1.90E-10 

4.48E-17 
1.54E-14 
4.71E-13 
2.44E-12 
5.15E-12 
1.57E-11 
3.99E-11 
7.80E-11 
1.12E-10 
1.78E-10 

1.S4E-14 
1.44E-13 
9.92E-13 
3.29E-12 
6.13E-12 
1.69E-11 
4.12E-11 
7.93E-11 
1.13E-10 
1.78E-10 

2.06E-13 
5.85E-13 
1.85E-12 
4.43E-12 
7.38E-12 
1.83E-11 
4.28E-11 
8.08E-11 
1.14B-10 
1.79E-10 

8.41E-12 
9.46E-12 
1.16E-11 
1.49E-11 
1.83E-11 
3.02E-11 
S.56E-11 
9.26E-11 
1.24E-10 
1.82E-10 

2.24E-11 
2.36E-11 
2.60E-11 
2.96E-11 
3.34E-11 
4.60E-11 
7.15E-11 
1.07E-10 
1.35E-10 
1.85S-10 

3.77E-11 
3.90B-11 
4.15E-11 
4.54E-11 
4.92S-1J 
6.20E-11 
8.68E-11 
1.19E-10 
1.45E-10 
1.8SE-10 

5.37E-11 
S.49E-11 
5.75E-11 
6.14E-11 
6.S2E-11 
7.77E-11 
1.01E-10 
1.31E-10 
1.53E-10 
1.90E-10 

Notes : For Chebyshev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o use the fo l lowing p a r a a e t e r s . 
E „ i n = 1.0E+02 eV, tWAX * 2.0E+04 eV 

Be 
Temp. 
(eV) Ab 

Chebyshev F i t t i n g Paraaeters for Bate C o e f f i c i e n t s 

Al A2 A3 A4 AS A6 

100. -5.48603E+01 6.73175E+00 -2.337S0E+00 8.S7032E-01 -2.9225BE-01 8.89193E-03 1.19267E-02 
500. -5.23540S+01 4.57847E+00 -9.34127E-01 1.S2574E-01 -2.98S08E-02 -5 .41726E-02 1.56047E-02 

1000. -5.09960E+01 3.48139E+00 -3.33404E-01 -6.24733E-02 4.55378E-04 -3 .70467E-02 2.75925E-03 
5000. -4.83469E+01 1.64909E+00 2.61394E-01 -1.052J6B-01 -5 .38273E-02 -7 .49908E-03 7.09196E-04 

10000. -4.73425E+01 1.12338E+00 2.55051E-01 -5.63104E-02 -5.16563E-02 -1 .13825E-02 1.38299E-03 
15000. -4.674S9E+01 8.47733E-01 2.16661E-01 -3.36664E-02 -4 .24929E-02 -1 .19700E-02 4.13866E-04 
20000. -4.63234E+01 6.64850E-01 1.80257E-01 -2.17729E-02 -3 .47781E-02 -1 .13742E-02 -1.56934E-04 

Equal Teap. -5.42194E+01 6.56075E+00 -2.45975E+00 9.87265E-01 -4.35539E-01 8.21003E-02 -9.92180E-03 

See appendix for Chebyshev f i t d e t a i l s . 
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H* + He ->H(3p) + He* 
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B-50 

Electron Capture Rate Coefficients for 
He + H* -> H(3p) + He* 

Beast - Maxvellian Rate Coefficients ( c s 3 / s ) 

Teap. He Energy (eV/aau) 
(eV) 10000. 20000. 40000. 70000. 100000. 200000. sooooo. 

1.0E+00 7.13E-11 1.68E-10 3.16E-10 2.67E-10 1.S3E-10 2.4SE-11 5.S3E-13* 
2.0E+00 7.13E-11 1.68E-10 3.16E-10 2.67B-10 1.53E-10 2.4SE-11 5.53E-13* 
4.0E+00 7.13E-11 1.6BE-10 3.15E-10 2.66E-10 1.535-10 2.45E-11 5.53E-13* 
7.0B+00 7.13E-11 1.68E-10 3.15E-10 2.66B-10 1.53E-10 2.44E-11 5.53E-13* 
1.0E+01 7.13E-11 1.68E-10 3.14E-10 2.65E-10 1.52E-10 2.44E-11 5.53E-13* 
2.0E+01 7.15E-11 1.68B-10 3.14E-10 2.64B-10 1.52E-10 2.44B-11 5.5«E-13* 
4.0E+01 7.17E-11 1.68E-10 3.12E-10 2.63E-10 1.52B-10 2.43E-11 5.54E-13* 
7.0E+01 7.21E-11 1.68E-10 3.11E-10 2.62E-10 1.51E-10 2.43E-11 S.55E-13 
1.0E+02 7.26E-11 1.68E-10 3.09E-10 2.61E-10 1.51E-10 2.42E-11 5.55E-13 
2.0E+02 7.41E-11 1.69E-10 3.06E-10 2.5BE-10 1.S0E-10 2.42E-11 5.57E-13 
4.0E+02 7.71E-11 1.71E-10 3.01B-10 2.S4B-10 1.49E-10 2.42E-11 5.61E-13 
7.0E+02 8.16P-11 1.74E-10 2.9SE-10 2.S0E-10 1.49E-10 2.42E-11 5.68E-13 
1.0E+03 8.61E-11 1.77E-10 2.90E-10 2.47E-10 1.49E-10 2.43E-11 5.74E-13 
2.0E+C3 1.00E-10 1.86E-10 2.79E-10 2.39E-10 1.48E-10 2.49E-11 5.97E-13 
4.0E+03 1.24B-10 J.96E-10 2.63E-10 2.25E-10 1.46E-10 2 . 6 3 E - U 6.43E-13 
7.0E+03 1.51E-10 2.04E-10 2.4SE-10 2.08E-10 1.42E-10 2.88E-11 7.17E-13 
l.CE+04 1.70E-10 2.07E-10 2.30E-10 1.95E-10 1.38E-10 3.12E-11 8.02E-13 
2.0E+04 1.95E-10 2.03B-10 1.97E-10 1.64E-10 1.24E-10 3.75E-11 1.18E-12 

racy: • - P o s s i b l e Error Greater Than 10% 

Motes: For Cbebyshev f i t s of the above rate coefficients i t i s necessary to use the following parameters. 
E^,, - 1.0E+00 eV, £ „ „ - 2.0E+04 eV 

Chebyshev Pitting Paraaeters for Rate Coefficients 

Energy 
(•V/aau) A0 Al A2 A3 A4 A5 A6 

10000. -4.61593E+01 4.69768E-01 2.55845E-01 6.75806E-02 -2 .06018E-02 -3.21005E-02 -1.71678E-02 
20000. -4.48832E+01 1.05388E-01 5.13750E-02 1.87880E-03 -1 .77315E-02 -1.43595E-02 -5.26979E-03 
40000. -4.39844E+01 -1.88716E-01 -1.03793E-01 -4.31001B-02 -1 .44695E-02 -4.32136E-03 -8.32803E-04 
70000. -4.43219E+Q1 -1.88451E-01 -1.07258E-C1 -4.99127E-02 -2 .00817E-0* -6.25364E-03 -3.66259E-04 

1C3000. -4.52889E+01 -7.00699E-02 -4.15959E-02 -2.66009E-02 -1 .74699E-02 -9.19908E-03 -3.00670E-03 
200000. -4.8US6E+01 1.42634E-01 1.14B50E-01 6.70006E-02 2.67000E-02 5.12084E-03 -2.83726E-03 
500000. -5.61687E+01 2.49112E-01 1.78331E-01 1.0J979E-01 5.28963E-02 2.25156E-02 8.83834E-03 

See appendix for Chebyshev f i t de ta i l s . 
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He + H* ->H(3p) + He* 
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B-S2 

Electron Capture Cross S e c t i o n s for 
H* • He -> H(3d) + Be* 

Energy 
JcV/aau) 

3.0E+C3 
4.0E+G3 
7.0E+03 
1.0E+04 
2.0E+04 
4.0B+04 
7.0E+04 
1.0E+05 
2.OE+05 
2.7E+05 
3.2E+05 

References: 134. 136, 156, 157, 158, 159 , 160 

Accuracy: Unknown 

Motes: (1) Ver:' few papers report the abso lute c r o s s s e c t i o n s . The o v e r a l l assessment of t h e 
data i s in doubt due to the v a l i d i t y of the d i f f e r e n t normal izat ion schemes. 
(2) Cascade from higher s t a t e s i s usua l ly n e g l e c t e d , but can c o n t r i b u t e up t o a 5% error 
in the reported c r o s s s e c t i o n . 

For a Chebyshev f i t of the above cross s e c t i o n s i t i s necessar., t o use t h e fo l lowing parameters . 
E B i n « 3.0E+03 eV/amu, £,,,„ • 3.2E+05 eV/amu 

Chebvshev P i t t i n g Parameters for Cross S e c t i o n s 

A0 Al A2 A3 A4 A5 A6 A7 A8 
-90.4702 -2 .39013 -1 .60913 - .296858 - .0140200 .035300* .0153108 - .0221875 - .0321765 

Velocity 
(cm/s) 

7.61E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.96E+08 
2.78E+09 
3.68E+08 
4.39E+08 
6.21E+03 
7.22E+08 
7.86E+08 

Cross Section 
(cm2) 

1.16E-19 
1.36E-19 
1.65E-19 
1.71E-19 
1.43E-19 
8.33E-20 
3.95E-20 
1.53E-20 
1.44E-21 
4.00E-22 
1.67E-22 

The fit represents the above cross sections with an rm* deviation of 1.9%. 
The maximum deviation is 3.11 at 1.0E+05 eV/amu. 
See appendix for Chebyshev fit details. 
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H* + He - > H(3d) + He* 
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B-54 

Electron Capture Rate Coefficients for 
B* + He -> H(3d) • Be* 

Haxvellian - Maxvellian Rate Coefficients (cm'/s) 

Temp. 
teV) 

Equal 
Temp. 100. 500. 

Be Temp. (eV) 
1000. 5000. 1C000. 15000. 20000. 

2.0E+02 
4.0E-r02 
7.0B+02 
1.0E+O3 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
2.0E+04 

41E-16 
.71E-14 
89E-13 

.38B-12 

.79E-12 

.48E-11 

.94E-11 

.10E-11 

.01E-11 

6.60E-17 
2.80E-14 
4.53E-13 
1.43E-12 
5.85E-12 
1.26E-11 
1.78E-11 
2.01E-11 
2.09E-11 

3.49E-15 
1.01E-13 
7.29E-13 
1.84E-12 
6.28E-.12 
1.29E-11 
1.79E-11 
2.02E-11 
2.09E-11 

4.08E-14 
2.88E-13 
1.15E-12 
2.38E-12 
6 .80E-12 
1.32E-11 
1.80E-1V 
2.02E-11 
2 .09E-11 

3.27E-12 
4.19E-12 
5.53E-12 
6.80E-12 
1.04E-X1 
1 .52E-U 
1.90E-11 
2.0CE-11 
2.08E-11 

a .54E-12 
9.26E-12 
1.03E-11 
1.12E-11 
1.37E-11 
1 .72E-1: 
1.98E-11 
2.10E-11 
2.05E-11 

1.24E-11 
1.29E-11 
1.36E-11 
i . 4 3 E - l l 
1 . 6 U - U 
1.85E-11 
2.04E-11 
2.12E-11 
2.03E-11 

1.52E-11 
1.55E-11 
1.60E-11 
1.6SE-11 
1.78E-11 
1.95E-11 
2.08E-11 
2.12E-11 
2.01E-11 

Motes: For Chebyshcv f i t s of the above ra te c o e f f i c i e n t s i t i s necessary t o use the fo l lowing parameters. 

^ i n 2.0E+02 eV, • 2.0E+04 eV 

Chebvshev P i t t i n g Parameters for Rate C o e f f i c i e n t s 
Be 

Temp. 
(eV) A0 Al A2 A3 A4 AS A6 

100. -5.63688E+01 5.53526B+00 -2.53031E+00 7.68047E-01 -2.09210E-01 3.02777E-02 8.99288E-04 
500. -5.46783E+01 4.07558E+0O -1.58318E+00 2.94914E-01 -2.76037E-02 -2.07878E-02 1.01392E-02 
1000. -5.34861E+01 3.08285E+00 -1.00328E+00 6.05624E-02 3.07528E-02 -2.37156E-02 4.91264E-03 
5C00. -5.08092E+01 1.029258*00 -1.1548?£-01 -1.11263E-01 1.29497E-04 5.31512E-03 -1.44689E-03 

10000. -5.00260E+01 5.09612S-01 -1.91665E-02 -7.34488E-02 -1.56S42E-02 2.56893E-03 7.98864E-04 
15000. -4.96848E+01 2.98178E-01 -7.68530E-03 -5.18119E-02 -1.65953E-02 -3.35169E-04 1.07168E-03 
20000. -4.94956E+01 1.81879E-01 -1.04948E-02 -3.99118E-02 -1.50920E-02 -1.49095E-03 1.11348E-03 

Equal Temp. -5.S3820E+01 4.85397E+00 -2.35173E+00 7.57520E-01 -2.46645E-G1 5.44226E-02 -8.31B10E-03 

See appendix for Chebyshev f i t d e t a i l s . 
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H* + He - > H(3d) + He* 
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B - 5 6 

Electron Capture Rate C o e f f i c i e n t s foe 
He + H* -> HI 3d) + Be* 

Beast - Harwell ian Rate C o e f f i c i e n t s ( c a V s ) 

Teap. Be Energy (eV/aau) 
(eV) 10000. 2C000. 40000. 60000. 80000. 100000. 200000. 

1.0B+00 2.37E-11 2.80E-11 2.31E-11 1.65E-11 1.09E-11 6.71E-12* 8.94E-13** 
2.0E+00 2.37E-11 2.80E-11 2.31E-11 1.6SE-11 1.09E-11 6.71E-12* 8.938-13" 
4.0E+00 2.37E-11 2.80E-11 2.31E-11 1.6SE-11 1.09E-11 6.70E-12* 8.93E-13** 
7.0E+00 2.36E-11 2.79E-11 2.30E-11 1.65E-11 1.09E-11 6.70E-12* 8.92E-13" 
1.0E+01 2.36E-11 2.79E-11 2.30E-11 1.65E-11 1.09E-11 6.70E-12* 8.92E-13** 
2.0E+O1 2.36E-11 2.78E-11 2.30E-11 1.65E-11 1.09E-11 6.69E-12 8.91E-13" 
4.0E+01 2.35E-11 2.77E-11 2.29E-11 1.65E-11 1.09E-11 6.68E-12 8.90B-13" 
7.0E+01 2.34E-11 2.76E-11 2.28E-11 1.65E-11 1.09E-11 6.67E-12 8.89E-13* 
l.»,E+32 2.34E-11 2.75E-11 2.28B-11 1.65E-11 1.09E-11 6.67E-12 8.89E-13* 
2.0~*02 2.33E-11 2.73E-11 2.26E-11 1.65E-11 1.10E-11 6.66E-12 8.89E-13* 
4.0E+02 2.31E-11 2.70B-11 2.24E-11 1.65E-11 1.10E-11 6.68E-12 8.92E-13* 
7.0E+02 2.30S-11 2.66E-11 2.22E-11 1.64B-11 1.10E-11 6.72E-12 8.98B-13* 
1.0E+03 2.29E-11 2.63E-11 2.20E-11 1.63E-J1 1.09E-11 6.76B-12 9.05E-13* 
2.0P+03 2.26E-11 2.55E-11 2.15B-11 1.59E-11 1.08B-11 6.90E-12 9.35B-13* 
4.0E+03 2.24E-11 2.41E-11 2.05E-11 1.53E-11 1.06E-11 7.06E-12 1.01E-12* 
7.0E+03 2.225-11 2.26E-11 1.92B-11 1.45E-11 1.04E-11 7.19E-12 1.13E-12* 
1.0E+04 2.18E-11 2.14E-11 1.80E-11 1.38B-11 1.01E-11 7.22E-12 1.26E-12* 
2.0E+04 1.98E-11 1.83E-11 1.51E-11 1.20E-11 9.26E-12 7.06E-12 1.66E-12* 

Accuracy: * - I -ossible Error Creater Than 10% 
** - P o s s i b l e Error Greater Than 100% 

Hotel: For Chebyshev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o use the fo l lowing parameters 
Eji, , • 1.0E+00 eV, E „ a x - 2.0E+04 eV 

Be 
Energy 
(eV/anu) HO 

Chebyshev Pitting Parameters for Rate Coefficients 

Al A2 A3 A4 AS A6 

10000. -4.90115E+01 -6.26583E-02 - i .14715E-02 -1.74368E-02 -1.18746E-02 -8.00345E-03 -5.51328E-03 
20000. -4.87965E+01 -1.63847E-01 -9.40039E-02 4.32626E-02 -1.65508E-02 -4.78447B-03 -6.28354E-04 
40000. -4.91665E+01 -1.54448E-01 -9.66541E-02 -5.08695E-02 -2.30319E-02 -8.09916E-03 -1.06973E-03 
60000. -4.97788E+01 -1.11497E-01 -7.9J398E-02 -4.3B6J3E-02 -1.80124E-02 -5.25241E-03 -1.28373E-03 
80000. -5.05382E+01 -4.92366E-02 -4.11913E-02 -2.64723E-02 -1.1B609E-02 -3.9S220E-03 -2.08141E-03 

100000. -5.14178E+01 3.35427E-02 2.01516E-02 3.5S710E-04 -9.44387E-03 -8.216V8E-03 -3.58171E-03 
200000. -5.52583E+01 2.09996E-01 1.S7946E-01 9.13682E-02 3.94669E-02 1.J2103E-02 -2.265S5E-04 

See appendix for Chebyshev f i t d e t a i l s . 
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He + H+ - > H(3d) + He" 

Beam — Maxwellian 
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B-58 

Electron Capture Croaa Sections for 

B* • Li -> B(2a,2pl • Li* 

B(2a) B(2p) 
Energy Croaa Section Energy Cross section 
eV/aau ca 2 eV/aau c» J 

9.6E+02 I .09E-15 9.8E+C2 1.44E-15 
1.9E+03 2 .22E-15 2.0E+03 2 .37E-15 
2.4E+03 2 .52E-15 2.9E+03 2 . M E - I S 
2.»E*03 2.S6E-15 3.4E+03 3 .05E-1S 
4.8E+03 2.06E-1S 4.9E+03 2 .75E-15 
6.7E+03 1.39E-15 6.8E*03 2 .02E-J5 
S.CE+03 9.Q0E-16 9.7E+03 l . U 5 - i i 
9.5E+03 7.26E-16 1.4E+04 3 .0X1-1* 
1.4E+04 2 .73E-1* 1.9E+0* 9.71fc-17 
1.9E+04 1.23E-16 2.4E+04 3.76E-J7 
2.4E+04 6.20E-17 2.9E+04 1.7C£->7 
3.8E+04 1.40E-17 3.9E+04 3 .98E-19 
4.9E+04 6.29E-1B 4.9E+04 J . 2 1 E - 1 * 
5.9E+04 3.S5E-18 5.9E+04 4 . 4 7 E - M 
6.8E+04 2 .22E-18 6.9E+04 1 .94E-I9 
8.8E-HJ4 9 .76E-19 8.9E*04 4.9CE-20 
9.SE+04 6.77E-19 1.1E+0S 1.69E-20 
1.3E+05 2.72E-19 

References; 255, 256, 2S7 

Accuracy; E < 2x10* eV/aau - 601; E > 2x10* eV/aau - unknown 

Botesi (1) Tbe croaa aectlon data for aocrgiea greater than 2x10* eV/aau are theoretical 
results of Ecaclatv (r«f. 257)) for excitation of the Li(2p) level by protons see ref. 
258. 
(2) Cascading froa higher state* is less than 5%. thua *(2pi - • (!*«). 

for Chebyshev fits of tbe above croas sectiona it la neceaaary to tie tbe following parameters. 

B(2a) E , i n • 9.55E+02 eV/aau, t m t % • 1.3E+05 eV/aau 
i(2p) £.£„ • 9.8E+02 eV/aau, t m m % • 1.1E+05 eV/aau 

Cbabvsbev fitting Pata—fre for Croaa Sections 

A0 Al A2 A3 A4 AS A« A7 At 
B(2s) -73.9308 -4.42348 -1.68271 .337287 .0753407 -.0*24317 -.0223888 8.U347C-04 -.00573178 
M(2p) -75.0922 -5.75721 -2.57021 .0939967 .255624 -.032*880 -.0184241 .0249338 .0333479 

The fit rapresenta th* R(2a) cross section with an ras deviation of 0.9%. 
Tba aaxiaua deviation la 1.71 at 4.88*04 aV/aaiu, 

Th* fit repreaenta the H(2p) croaa section with an rms deviation of 3.2%. 
Th* Mxiaua deviation la 5.5% at 1.9E«04 «V/a»u. 

S«* appendix for Ch*by*h*v fit detail*. 
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H* + Li - > H(2s,2p) + Li* 

Cross Section vs. Energy 
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-Doto 

Chebyshev Fit 
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B-60 

electron captor* Croaa Sacticaa (or 

•* * Li -> a(3a,3p,3d) * Li* 

lie) Up) (3d* 
Bnargy Croaa Sactioa Energy Croaa Sectiow Energy Croaa Sectioa 
aV/aan c s 2 aV/aaa ca 2 aV/aaa c a 2 

1.3E+03 7.9CC-17 9.0**02 1.214-14 3.1C+43 7.47B-17 
2.44*43 9 404-17 l.SE**3 1.5J4-14 3.94*43 4.744-17 
2.9B«03 1.731-14 2.0B*03 1.74B-14 4.*E*43 9.79E-17 
3.9**43 1.3SI-14 2.9E**3 2 .334-14 4.44*43 l . M E - 1 6 
*.9E*03 1.071-14 3.9B*43 3.17E-14 *.7B*03 4.19B-17 
4.0I*«3 3 .441-14 *.9E**3 3 .454-14 1.3B*44 4.31B-17 
«.9E*03 4.431-14 4.9B*43 3 .434-14 ' .5B*04 2.74E-17 
7.9B403 4.SSE-14 *.9B*«3 2 .414-14 t .*B*«4 1.14B-17 
t.9E*03 4.2*1-14 9.9B*«3 2 .474-14 2.9S*»4 2.97E-14 
l .SB+aa 3.*3E-14 1.5B**4 1.23C-14 3.9B*44 1.11E-14 
l.SE*04 1.441-14 2.0E+94 5.12E-17 4.9B*44 4.4SE-19 
2.0B+04 fi.(44-17 2.5K404 2.144-17 7.»B**4 1.44E-19 
2.5E+04 3 .151-17 3.*B*«»4 l . *S*-17 t.9B*04 3.43E-20 
3.5E.04 7 .974-1* 3.5K*M 4.044-14 1.3B+05 1.20E-24 
4.9E+04 1 .944-1* 4.SE+M 2.2SC-14 l.SB+05 7.S7E-21 
4.0B+04 1 .434-1* 5.0B444 1.434-14 
• .01*44 3.494-19 4.0E*04 4 .444-14 
1.0E*05 l . M E - 1 9 7.0B*44 3 .444-19 
1.3E*0S 4.921-20 9.01*04 

1.0B*0S 
1.3S+05 

1.444-19 
9.2SB-20 
3 .474-20 

eatoroocoai 2SC, 2S7 

Accatacrt E < 2x10* aV/aau - M%> B > 2*10* eV/aav - unknown 

•oteat (1) Tba croaa aactloa data for energi*a graatar than 2 i l 0 4 aV/aav *ra tba tbaoratlcal 
raaalta of Eraolaav (raf. 257). 
(2) Tba croaa aectloo l* t ) for captoca Into atat* i la detrained by aeaaariag tba 
eaiaeion croaa aactioa l» t j ) for a trenaitloo fro* atata i to J, corroding for any 
branching froa atat* i and correcting for caacadiaf fron opptr atataa. 

ror Cbebyabev fita of tba abo** croaa aactlona i t ia aeceaaary to ua* the following paraawtera. 

<'*> "kin " !•***<>* aV/ami, t a a t - 1.24*05 av/aau 
Op) «,!„ • 9.44*02 aV/aani, a , , , • 1.24*03 aV/aau 
(3d) E . l n • 3.14*03 eV/aau, I , . , • 1.54*05 aV/aau 

Chebvaae* f i t t ing Para»*t*ra for Croaa Sectlone 

A0 Al A2 A3 A4 AS A4 A7 A» 
(3a) -77.4321 •3.51092 -2.19742 .102*40 .543344 -.0441225 -.179427 ,114301 -.00443443 
l3p) -77.4553 -4.03344 -2.19950 .0042*310 .3*41*0 -.0330347 -.07*9*75 .00340443 -.00744*23 
(3d) -40.4444 -4.92271 -1.27*92 .3*12*4 -.02344*2 -.04741*9 .0722031 .0109033 -.023532* 

Tb* f i t repreaentt tba (3a) croaa taction vitb an ra» deviation of «.*». 
Tb* aaaiaua deviation ia 19.44 at 4.94*03 C/aau. 

Tn* f i t capreaanta tha dp) croaa aection vith an ra* deviation of 3.74. 
The Malawi deviation la 4.44 at J.04*04 eV/aaw. 

Tba f i t repreaanta the (3d) croaa faction «.th an re» deviation of 3.24. 
The aaalaua deviation ia 4.5* at 4.94*04 eV/aau. 

See app*n>U* for Chc^yahev fit detail*, 
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H + + Li - > H(3s,3p,3d) + Li' 

Cross Section vs. Energy 
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B-62 

Electron Capture Cross Sections for 
He* • B 2 -> He(2*8 • 2 3S) 

Energy Velocity Cross Section 
(eV/aau) <c«/«) (ca>2> 

2.5E+03 6.95E+07 6.75E-18 
3.0E+03 ? . t lE* t? 9.S7E-18 
4.0E+03 8.79E+07 1.58B-17 
5.0E+03 9.82E+07 2.18E-17 
7.0E+03 1.16E+CB 3.14B-17 
9.0E+03 1.32E+C8 4.14E-17 
1.0E+04 1.39E+08 4.63E-17 
1.5E+04 1.70E*08 6.54E-1? 
2.0E+04 1.96E+08 7.00E-17 
2.5E+04 2.20E+0S 6.C9E-17 
3.5E+04 2.60E+08 5.28E-17 
4.5E+04 2.95E+08 4.03E-17 
5.0E+04 3.11E+08 3.52E-17 
6.0E+04 3.40E+08 2 .75E- i7 
6.4E+04 3.51E+08 2.46E-17 

References; 98, 102, 196, 197, 198 

Accuracy; 40% 

Bote; The cross sections are for capture into the Betastable states 2 1S and 2*S. 

For Cnebyshev fit of the above cross sections it is necessary to use the following paraaeters. 
E B l n - 2.5E+03 eV/aao, t ^ , - 6.4E+04 eV/asu 

Chebysbev Fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 A8 
-76.2905 .717609 -.74(846 -.0903391 1.71246E-03 .0416862 -7.59576E-04 -.0179523 6.07163E-03 

The fit represents the above cross rect'ons with an ras deviation of 0.5*. 
The sxxiKMi deviation is C.94 at 4.0E«03 eV/aau. 
See appendix for Chebysbev fit details. 
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He* + H. ->He(2'S + 23S) 

Cross Section vs. Energy 
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B-64 

Electron Capture Cross Sections for 

Be* + H 2 -> He(2 1P.3 1P) 

(2*P) 
Energy Cross S e c t i o n 
eV/anu cm 2 

1.3E+03 2.95E-17 
1.5E+03 3.02B-17 
2.0E+03 3.37E-17 
3.0E+C3 3.67E-17 
3.5E+03 3.90E-17 
4...E+03 4.J2B-17 
5.0E+03 4.22E-17 
S.EE+03 4.19E-17 
6.SE+03 4.13E-17 
7.0B*03 4.11E-17 
8.0E+03 4.05E-17 
8.5E+03 3.96E-17 
8.8E-HJ3 3.92B-17 

( 3 X P) 
Energy Cross S e c t i o n 
eV/amu cm* 

2.SE+03 2.05E-18 
3.0B*03 1.69E-18 
3.SE+03 1.61E-18 
4.3E+03 1.4SE-18 
5.0E+O3 1.33E-18 
5.8S*03 1.28E-18 
6.5E+03 1.33B-1S 
7 . « * 0 3 1.47E-18 
•.OE+03 1.64E-1S 
8.5E+03 1.83E-18 
9.0E+03 1.91B-18 

Keferences; 20. 163 

Accuracy; 63t 

Botes; (1) Tbe cross section < • j) for captore into state i is determined by measuring tbe 
emission cross section ( • jj) for a transition fro* state i to j, correcting for any 
branching from state i and correcting for cascading fro* upper states. 
(2> In these Measurements cascade was neglected in tbe enslysic of tfce cross section. 

Por Cbebysbev fits of tbe above cross sections it is necessary to use tbe following parameters. 

(2*P) E „ l n - L3E+03 eV/a*u, E ^ , - 8.8E+03 eV/aau 

O 1?) E „ i n • 2.1E*0J eV/ami, E ^ , > 9.0E+03 eV/anu 

A0 Al 

Cheovabev fitting Parameters for Croes Sections 

A2 A3 A4 AS A6 A7 A8 

(21P) -75.7187 .173380 -.0602524 -.0334767 .00459756 .00195946 .00158847 -4.27148E-04 -.00726785 
iih) -81.8842 -.0794669 .196956 .0554748 -.00702131 -.0164034 -.01161*2 .00548035 1.54409E-04 

T'i« f i t represents the (2*P) cross sections with an ras deviation of 0.2%. 
>he aasinom deviation is 0.2* at 6.4E+03 ev/amu. 

Th-> f it -epresent* the (i*P) cross sections with an rats deviation of 0.2%. 
The iv«*i»upi deviation is 0.1% at 7.9E+03 eV/anu. 

See appendix for Chet>y«h»v f it de ta i l s . 
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He* + H2 - > He(2'P, 3P) 

Cross Section vs. Energy 
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B-66 

Line Baission Cross Sections of Electron Capture Collisions for 

He* • B 2 -> He(SB7.6, 447.1. 667.S Ml) 

(587.6 na) (6*7.8 na) (447.1 na) 
Energy Cross Section Energy Cross Section Energy Cross Section 
ev/aau c a 2 eV/aau c a 2 eV/aau c a 2 

1.7E+01 1.12E-21 3.7E+01 9 .97E-22 2.0C+01 9 .98E-22 
2.0K+01 3 .58E-21 5.0E+01 7 .92E-21 2.5E*«1 2 . 6 7 E - 2 1 
2.SE+0I 7 .90E-21 6.0E+01 1.47E-20 3.0E+01 3 .75E-21 
3.BE+01 0.74E-21 8.0E+01 4.7QE-20 4.0E+01 5 .02E-21 
4.0E+01 1.26E-20 1.0E+02 1.34E-19 5.QE+01 6 . 2 1 E - 2 1 
5.0E+01 1.01E-20 l .SE+02 2 .70E-19 6.0E+01 7 .65E-21 
6.0E+01 2 .83E-20 l .SE+02 3 .3SE-19 7.0E+01 1 .00E-2S 
8.2E+01 7 .ME-20 2.0E+02 3 .9SE-19 8.0E+Q1 1 .77E-20 
1.0E+02 1.72E-19 1.0E+02 6 . U E - 2 0 
1.5E+02 6.40E-19 1.2E+02 9 .S3E-20 
2.0E+02 1.12E-18 l .SE+02 1.30E-19 
2.»E*02 1.17E-18 2.OE+02 1.60E-19 
3.0E+O2 1.16E-16 2.5E+02 1.7SE-19 
5.2E+02 1.02E-18 3.0E+02 1.E2E-19 
8.3E+02 • . 3 3 E - 1 9 4.OE+02 1 .01E-19 
1.0E*33 7.69E-19 6.OE+02 1 .63E-19 
1.6E+03 7.00E-19 S.0.:+02 1 .45E-19 
2.0E+V3 6.93E-19 1.01*03 1 .31E-19 
3.QE+03 7.2SE-1S l .SE~03 1 .07S-19 
4.0E+03 7.6SE-19 2.OE+03 9 .32E-20 
S.2E+03 8.05E-19 3.0E+33 8 .59E-20 
7.0E+03 S.90E-19 4.0E+03 

5.0E+03 
6.0E+03 
7.2E+03 
8.2E+03 
1.0E+04 

8 .98E-20 
9 .72E-20 
1 .06E-19 
1 .16E-19 
1 27E-19 
1.4<E-19 

ntferencest 199, 200 

Accuracy; 404 

notes: (1) Relative data of Polyakova et al (ref. 200) bave been normalised to data of I s l er 
et s i (ref. 199) at 12S eV/aao. 
(2) The 587.6 na transition iu the strongest i e eaission froa Be* capture c o l l i s i o n s in 
B 2 . 
(3) The 43D -> 2 3P transit ion i s 447.1 na, the 3 JD -> 2 3 P transition i s 507.6 aa, and 
tbe 3*0 -> 21? transition i s 667.« na. 

For Cbebysbev f i t s of tbe above cross sections i t i s necessary t o use tne following paranatal*. 

(517.6 ns) E , , l n • 1.7E+01 eV/aau, Zmtf - 7.8E+03 eV/aau 
(667.0 na) £ . !„ • J.7E+01 eV/aau, E , , , - 2.0E+02 eV/aau 
(447.1 na) E , , l R • 2.0E+01 eV/aau, tmk% • l.t,* -4 eV/aau 

Chebyshov f i t t ing Parameters for Cross tactions 

AO A l A2 A3 A4 AS A6 
4417.6 na) -86.6646 2.81*88 -1.58217 .157969 .371758 -.J33912 -.2*3367 
(667.0 na) -09.392* 2.77420 -.477421 .0466864 -.123002 .139543 -.0694321 
(447.1 »•) -09.4303 1.99037 -1.26104 .473572 .362531 -.1*366* -.0*12*02 
The f i t represents tbe 507.6 na cross section with an me deviation of 4.7*. 
Tbe aasiaua deviation i s 10.01 at 3.1E+C2 eV/aau. 
Tlia f i t represents the 667.0 n» cross section with an raa deviation of 0.0*. 
TSt aailaua deviation ia 0.01. 
IM f i t represents the 447.1 na cross taction with an ras deviation of 14,7*. 
The aaiiaua deviation is 42.61 at 7.1E+G1 aV/aau. 
Ses appendix for Cliebyshet f i t de ta i l s . 

A7 At 
.20(400 -.104165 
.0304304 
.190425 -.197260 
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He* + K - > He(587.6, 667.8, 447.1 nm) 

Cross Section vs. Energy 

<-tr 

6 = 587.6 nm 

x zz 667.8 nm 

7 = 447.1 nm 

Recommended 
Doto 

Chebyshev Fit 

itf tf 
Energy (eV/amu) 
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Electron Capture Crosft Section* for 
ae* • Be -> He(21S • 2 3S) 

Energy Velocity Cross Section 
(eV/iM) (cs/s) (cs2) 

1.0E+01 4.39E+06 1.00E-19 
1.5B+01 5.38B+06 1.94E-19 
3.0E+01 7.61E+06 7.49E-19 
5.0B*01 9.82B+06 1.69E-18 
8.0B+01 1.24B+07 2.33B-18 
l .SE+02 1.70B+07 2.61E-18 
3.0B+02 2.41B+07 2.99E-18 
6.0E+02 3.40E+07 3.35B-18 
l .SE+03 S.3SE+07 4.S4E-16 
2.5B+03 6.95E+07 6.54E-18 
4.0E+03 8.79E+07 9 .49S-18 
6.0E+03 1.08E+08 1.46E-17 
9.0E+03 1.32E+08 2.40E-17 
l.OB+04 1.39B+08 2.61E-17 
1.5B*04 1.70E+08 2.41E-17 
3.3E+04 2.50E+OS 1.85E-17 
5.0E+04 3.11E+08 1.52E-17 

K*fer*»c*st 98, 196, 197, 201, 202 

Accoracyt 40* 

Mote; (1) Theoretical values of Sural at al (r*f. 202) are used to extrapolate the data of 
Cilbody at al (ref. 98) at 5xi0 3 eV/aau to those of NacVicar and Barst (ref. 201) at 55 
eV/aau. 

For a Cbebyshev fit of tb* above cross sections it is necessary to us* tb* following paiaseters. 
£,,}„ - 1.0E+01 aV/aau, t m a x - 5.0E+04 *V/a*u 

Ch*bv*hev Fitting Faraseters for Cross sections 

AO Al A2 A3 A4 AS A6 A7 At 
-80.(529 2.39212 -.649912 .218666 -.468812 -.126058 .149096 .0275996 .0661909 

Tb* fit represents tb* above cross sections with an MBS deviation of S.2I. 
The saxisu* deviation is 12.6% at 1.5E+04 eV/anu. 
S*e appendix for Chebysbev fit details. 



B-69 

He* + He - > HeQ'S + 23S) 

Cross Section vs. Energy 

Recommended 
Doto 

Chebyshev Fit 

itf id* io 4 

Energy (eV/omu) 
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Electroo capture tote Coefficients for 
He* • Be -> Se(2 1S • 2 3 £) 

H a m e l l i a n - Haswell ian l a t e C o e f f i c i e n t s ( c a 3 / s ) 

Be* 
Equal Be Temp. (eV) 

(eV) T e - p . 10 . 100 . 500 . 1000. 5000. 10000. 20000. 

2.0E+QO 9.32E-17 7.50E-14 1.05E-11 4.83E-11 7.97B-11 3.80E-10 9.44E-10 1.97E-09 
4.0B+OO 1.30E-14 1.29B-13 1.08E-11 4.84E-11 7.98E-11 3.80B-10 9.44E-10 1.97E-09 
7.0B+00 1.29E-13 2.39B-13 1.12B-11 4.8CB-11 8 . 0 0 E - U 3.B1E-10 9.45E-10 1.97E-09 
1.0E+O1 3.83B-13 3.83E-13 1.16E-11 4.88B-11 8 . 0 2 B - U 3.81E-10 9.45E-10 1.97E-09 
2.0B+01 2.09E-12 1.09E-12 1.30E-11 4.95B-11 8.8SE-11 3 .82B-10 9.4CE-10 1.97B-09 
4.0E+01 7.41E-12 3.29E-12 1.5CB-11 5.09E-11 8 . 1 9 E - U 3.84E-10 S.4SE-10 1.97E-09 
7.08+01 1.56E-11 7.41E-12 1.93E-11 5.29B-11 8.37E-11 3.87E-10 9.S2B-10 1.97E-09 
1.0E+02 2 .275-11 1.1CB-11 2.27B-11 5.49E-11 8.S5B-11 3.90E-10 9.5CE-10 1.98B-09 
2.02+02 4.08E-11 2.38E-11 3 .I5B-11 6.13B-11 9.14E-11 3 .99E-10 9.C7B-10 1.98E-09 
4.0E+02 6.75E-11 4.15B-11 4.81E-11 7.3CE-U 1.03E-10 4.19E-10 9.91B-10 2.00E-09 
7.08402 1.03E-10 8.20E-11 « .756-11 9.14E-11 1.21E-10 4.50E-10 1.03E-09 2.03E-09 
1.0E+03 1.40B-10 8.02E-11 8.ISE-11 1.09E-10 I .40E-10 4.82E-10 1.04E-09 2.05B-09 
2.0E+03 2.88E-10 1.41E-10 1.46B-10 1.7JE-10 2.09E-10 5.92B-10 1.18E-09 2.13B-09 
4.0E+03 7.07E-10 2.89B-10 2.97E-1G 3.33E-10 3.80E-10 8.2SE-10 1.40B-09 2.27E-09 
7.0E+O3 1.40B-09 5.93B-10 6.03E-16 6.49E-10 7.07B-10 1.18B-09 1.70E-09 2.4CE-09 
1.0E+04 1.97E-09 9.4SE-10 9.54E-10 1.00E-09 1.068-09 1.50E-O9 1.97E-09 2 .£28-09 
2.0E+04 2.98B-09 1.97E-09 1.98B-09 2.01E-09 2.05E-09 2.33E-09 2.62E-09 2.98E-09 

Botes: Tor Cbebysbev f i t s of tbe above rate coefficients i t i s necessary to use tbe following parameters 
B.J,, - 2.0E+00 eV, E ^ , - 2.08+04 mV 

Cbebvshev f i t t ing Parameters for Rate Coefficients 
Be 

Temp. 
(eV) M> hi ftl hi M Kb A6 

10 . -S.C0830E+01 5.12336E+00 -2.62808E-01 8.40742E-02 2.48250E-01 -1.23169B-01 -7 .59116E-02 
100 . -4.M137E+01 2.59124E+00 7.95345E-01 5.35033B-02 1.896758-03 -1 .71822E-02 -5 .25035E-02 
500 . -4.532958*01 1.724788+00 8.43475E-01 1.98073E-11 -3 .444786-02 J.47555E-02 -3 .448008-03 

1000. -4.449938+01 1.467708+00 7.78110E-01 2.19162E-01 -2 .15385E-02 -5 .87801E-02 -3 .667078-02 
5000. -4.243536*01 7.8*3478-01 4.49627E-01 1.53041E-01 5.53429E-03 -2 .94I56E-02 -2 .10243E-02 

10000. -4.10534E+01 4.26270E-01 2.519211-01 9.52564E-02 - .32834E-02 -1 .03321E-02 -9 .664988-03 
20000. -3.98951E+01 1.67503B-01 1.030C98-01 4.32423E-02 9.66815E-03 -1.82969E-03 -3 .51334B-03 
, Temp. -S.U417E+01 7.32023E+00 -2.04fO5E+00 1.2483/8+00 -5 .12909E-01 3.38169E-02 -1 .21200E-01 

See app*ndix for Cnebyshev f i t de ta i l s . 
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He* + He - > He(2'S -f- 2 3 S ) 

Maxwellian — Maxwellian 

<-8 
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He Temp. 

(eV) 

A = 1 0 . 

x = 100. 

v = 5 0 0 . 

* — 1000. 

» = 5000. 

BB = 10000. 

a = 20000. 

Recommended 
-Data 

Chebyshev Fit 

Equal Temp. 

irf 10? 10 4 105 

He* Temp. (eV) 
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Electron Capture Rate Coefficients foe 
Be + He* -> He(21S + 2 3S) 

Beam - Haxvellian Rate Coefficients (cai3/s> 

He* 
Teap. Be Energy ( e V / u u ) 
l ev ) 10000. 15000. 20000. 25000. 30000. 35000. 40000. 

1.0E+00 3 . 6 2 E - 0 9 " 4.10E-09** 4.29E-0S** 4 . 4 4 E - 0 9 " 4.57E-09** 4.65E-09** 4.68E-09** 
2.0E+00 3 . 6 1 E - 0 9 " 4.10E C9*» 4 . 2 9 B - 0 9 " 4 . 4 4 E - 0 9 " 4.57E-09** 4.85E-09** 4.68E-09** 
4.0E+00 3.61E-09** 4.10E-09** 4 . 2 9 E - 0 9 " 4.44E-09** 4.57E-09** 4.S5B-09** 4.68E-09** 
7.0E+00 3.80E-09** 4.10E-09** 4.29E-09** 4.44E-09** 4 . 5 7 E - 0 9 " 4.65E-09** 4 . 6 8 E - 0 9 " 
1.0E+01 3.59E-09** 4.10E-09** 4.29E-09** 4.44E-09** 4 . 5 7 E - 0 9 " 4.65B-09** 4.68E-09** 
2.0E+01 3.58E-09** 4.09E-09** 4.2SE-09** 4.44E-09** 4 . 5 7 B - 0 9 " 4 . 6 5 B - 0 9 " 4.63E-09*" 
4.0E+01 3.57E-09** 4.09E-09** 4 . 2 9 E - 0 9 " 4 . 4 4 E - 0 9 " 4.57E-09** 4.65E-09** 4.C8E-09** 
7.0E+01 3.55E-09** 4.09B-09** 4.29E-09** 4.45E-09** 4.57E-09** 4.85B-09** 4 . 6 8 E - 0 9 " 
1.0E+02 3.53E-09** 4.09E-09** 4.29E-0!>** 4 . 4 5 E - 0 9 " 4.57E-09** 4 . 6 5 E - 0 9 " 4.68B-09** 
2.0E+02 3.50E-0S** 4.08E-09** 4 . 2 9 E - 0 9 * 4.45E-09** 4.57E-09** 4.65E-09** 4 . 6 B E - 0 9 " 
4.0E+02 3.45E-09** 4.08E-09** 4.29B-09** 4.45B-09** 4.57B-09** 4.64E-09** 4.67E-09** 
7.0E+02 3.40E-09** 4.07E-09** 4 . 2 9 E - 0 9 " 4.45E-09** 4.57E-09** 4 . 6 4 E - 0 9 " 4.64E-09** 
1.0E+03 3.37E-09** 4.06E-09** 4.29E-09** 4 . 4 5 B - 0 9 " 4.57E-09** 4.64E-09** 4.5BE-09»* 
2.0E+03 3.31E-09** *.03E-09«* 4.29B-09** 4.45B-09** 4.56B-09** 4.57E-09** 4 . 3 0 B - 0 9 " 
4.0E+03 3.28E-09* 3.9SE-0?** 4.28E-09** 4.43E-09** 4./.'F.-0$** 4.32E-09** 3.86E-09** 
7.0E+03 3.30E-09* 3.93E-09** 4 . 2 3 E - 0 9 " 4 . 3 4 E - 0 9 " 4.25E-09** 3.96E-09** 3.45E-09** 
1.0E+04 3.34B-09« 3.89E-0S** 4.14E-09** 4.1BB-09** 4.02E-09»* 3.67E-09** 3.18E-09** 
2.0E+04 3.43B-09* 3.71E-09* 3.77E-09** 3 . 6 5 E - 0 9 " 3.40B-09"** 3.07B-09** 2.68E-09** 

Accuracy: * - Possible Error Greater Than 10% 
** - Possible Error Greater Than 100% 

Rotes: For Chebyshev fits of the above rate coefficients it is necessary to use the following parameters. 
2«in ' 1.0W00 ev, E,,,, 2.0E+04 eV 

Be 
Energy 
(ev/aau) AO 

Chebvshev Pitting Paraneters for Rate Coefficients 

Al A2 A3 A4 AS A6 

10000. 
15000. 
20000. 
25000. 
31 >00. 
3i)00. 
4CJ00. 

-3.89516E+01 
-3.86669E+01 
-3.65471E+01 
-3.85158E+01 
-3.84991E+01 
-3.85280E+01 
-3.86U81E+01 

-4.51244E-02 
-3.54627E-02 
-3.27909E-02 
-5.09890E-02 
-8.72591E-02 
-1.398918-01 
-2.17036E-01 

1.69953E-03 
-2.26753E-02 
-2.82327E-02 
-4.36393E-02 
-7.04596E-02 
-1.06634E-01 
-1.4880SE-01 

65062E-02 
21871E-02 
24375E-02 
40143E-02 
87052E-02 
39054E-02 

-7 .02850E-02 

1.06870B-02 
-5.34610E-03 
-1.53665E-02 
-2.27913E-02 
-2.79930E-02 
-2.79358E-02 
-1.44258B-02 

2.64417E-03 
-1.80140E-03 
-8.B1047E-03 
-1.25967E-02 
-1.24934B-02 
•6.05892E-03 
8.74155E-03 

-1.07811B-C3 
-7.7B336B-04 
-4.39280E-03 
-5.505886-03 
-2.97299E-03 
3.S1648E-03 
8.88909E-03 

$tr appendix for Chebyshev fit details. 
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He + He* - > HeG'S + 235) 

Beam — Maxweilian 

52.5 

50.0 

47.5 

i i m m — i i i mi l l—i i i I I I I I I — i i i mi l l—i i i inn 

lfc=5: 
< 

45.0 
> • • M 

L * \* \ . * ^N. 
\ \ 

42.5 

40.0 

42.5 

40.0 

37.5 

35.0 

32.5 -

30.0 — 

27.5 

25.0 

He Energy 

(eV/omu) 

A = 10000. 

x = 15000. 

V = 2 0 0 0 0 . 

* = 2 5 0 0 0 . 

• = 30000. 

O = 35000. 

O = 4 0 0 0 0 . 

Recommended 
•Ooto 

Chebyshev Fit 

• • • •""' < ' ' '""' i i i n i u l i i i n u l l i i i i n n 

10w to itf 103 

He+ Temp. (eV) 
1CT 1C? 
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Electron Capture Cross Sections for 
B** • He -> Be(2*P) • Be* 

Energy Velocity Cross Section 
(eV/aau) (csi/s) (est2) 

1.3E+03 4.91B+07 1.2SE-18 
2.0E+03 6.21E+07 1.18B-18 
3.OE+03 7.61E+07 1.07E-18 
5.0E+03 9.82B+07 9.00E-19 
8.0E+03 1.24E+08 7.67E-19 
1.0E+04 1.39E+08 7.03E-19 
2.0E+04 1.96E+08 5.17E-19 
4.0E+04 2.78E+08 3.S2E-19 
7.0E+04 3.68E+08 2.29E-19 
1.0E+05 4.39E+08 1.46E-19 
l.SE+05 5.38E+68 4.86E-2U 
2.0E+05 6.21E+08 1.60E-20 
2.5E+05 6.94E+08 6.01E-21 

References: 163, 203 

Accuracy: Unknown 

Wotes: (1) Data between 1.2 - 9xl03 eV/aau were never published in a referred journal. 
(2) Cross sections between 9x10^ and 1x10s eV/a*u were obtained by interpolation between 
the low and high energy data. 
(3) For energies less than 1x10s eV/aau the cross sections Measured by Bippler et al 
fref. 203) diverge from tl.* data presented her*. 

For i Chebysnev fit of the above cross sections it is necessary to use the following parameters. 
E,,^ •• 1.3E+03 eV/aau, E^,, « 2.5E+05 eV/asui 

Chebvshev Fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 A8 
-85.5425 -2.19593 -.93(988 -.450041 -.224752 -.0551700 .0123849 .0330118 .0293219 

The fit represents the above cross sections with an I M deviation of 1.0%. 
The Btaxisiua deviation is 2.0* at 7.0E+04 eV/aaui. 
See appendix for Chebyshev fit details. 
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He* + He - > HeQ'P) + He* 

Cross Section vs. Energy 
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Electron Capture Rate C o e f f i c i e n t s for 
He* + Be -> HeC?1?) + Be* 

n a x v e l l i a n - Haroe l l ian Rate C o e f f i c i e n t s ( cm 3 / s ) 

Be* 
Temp. Equal 
(eV) Teap. 500. 1000. 2000. 

Be Tesp. (eV) 
4000. 7000. 10000. 20000. 

4.0E+02 
7.0B+02 
1.0E+O3 
2.0E+O3 
4.0E+O3 
7.0E+03 
1.0B+C4 
2.0E-HM 

3.80E-13 
4.54E-12 
1 .19E- l i 
3 .5 4B-11 
5.99E-11 
7 .525-11 
8.26E 11 
9.16E-11 

7.28E-13 
2 .64F-12 
S.64E-12 
1.85E-11 
3.98E-11 
5.79E-11 
6.80E-11 
8.30E-11 

4.54B-12 
8.03E-12 
1.19E-11 
2.48E-11 
4.38E-11 
S .99E-U 
6.92E-11 
8.34E-11 

1.72B-11 
2.11E-11 
2.48E-11 
3 . 5 4 E - U 
5.03E-11 
6 .3CE-U 
7.15E-11 
8.42E-11 

3.90B-11 
4.1SE-11 
4.38B-11 
5.03E-11 
5.99B-11 
6 . 9 2 E - U 
7.52E-11 
8.56E-11 

5."»SE-11 
5.87E-11 
S.99E-11 
6.36E-11 
C.92B-11 
7.52E-11 
7.95E-11 
8.73E-11 

6.77E-11 
6.85E-11 
6.92B-11 
7.15E-11 
7.52B-11 
7.95B-11 
8.26E-11 
S.87E-11 

8.29E-11 
8.32E-11 
8.34E-11 
8.42E-11 
6 . 5 6 E - U 
8.73E-11 
8 87E-11 
9 . 1 « - U 

Rotes: For Cbebyshev f i t s of the above r a t e c o e f f i c i e n t s i t i s necessary t o use t h e fo l lowing p*rese ters 
E . i n - 4.0E+02 eV. £ _ „ 2.0E+04 eV 

Be 
r e a p . 
(eV) A0 

Chebyshev P i t t i n g Parase te i s for Rate C o e f f i c i e n t s 

Al A2 A3 A4 AS At 

4000. 
7000. 

10000. 
20000. 

Equal Teap. 

500. -4.99295E+01 
1000. -4.88301E+01 
2000. -4.78893E-H>1 

-4.71958E+01 
-4.68029E+01 
-4.««140E*01 
-4.C3524E+01 
-4.9438SE*01 

2.33819E+00 
1.49821E+00 
8.38347E-01 
4.1S561E-01 
2.17494E-01 
1.38147E-01 
4.94719E-02 
2.39001E+00 

-6.50090E-01 
-2.72937E-01 
-5.35952B-02 
2.60934E-02 
3.41131E-02 
2.86268E-02 
1.41098B-02 

-1.04807E+00 

4.21924E-02 
•4.12913B-02 
-4.83802E-02 
-2.42784E-02 
-8.30328E-03 
-2.78051E-03 
5.11657E-04 
3.37080E-01 

3.49426E-02 
2.79783B-02 
7.58342E-03 

-3 .22992B-03 
-3.82190E-03 
- 2 . 7 U 2 7 B - 0 3 
-9.99744E-04 
-8 .59497E-02 

24395E-02 
24988E-03 
24901E-03 
67069E-03 
16068E-05 
38542B-04 
34546E-04 
50447E-02 

-1.11193E-04 
-2 .38793E-03 
-*.41972E-04 

3.02996E-04 
2.23342E-04 
5.i3634fc-w5 

-2 .76502E-04 
-2.44681E-03 

See appendix for Cnebyghev f i t d e t a i l s . 
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He* + He - > HeC2'P) + He* 

Maxwellian — Maxwellian 
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*~ » 

0 

10 ..-» 

10 r«2 

1—l I I l 

10" •13 -I I I I t 1 H i L__i I I >„t Hi 1 • i i • i i i 

He Temp. 

(eV) 

A =500. 

x zz 1000. 

? = 2000. 

* =4000. 

• = 7000. 

• = 10000. 

n = 20000. 

Recommended 
-Oota 

Chefovshev Fit 

Equal Temp. 

tf 103 ^ 104 

He* Temp. (eV) 
icf 



B-78 

Electron Capture Bate C o e f f i c i e n t s for 
Be • He* -> Be (2 I p; • He* 

Bean - Haxvel l ian Rate C o e f f i c i e n t s ( c a 3 / s ) 

Be* 
Teap. Be Energy (eV/aan) 
<eV) 10000. 20000. 40000. 80000. 80000. 100000. 120000. 

I.OB*OO 9.76B-11 1.02E-10* 9.78E-11* B.77B-11* 7.*0E-11« *.40B-11* 4.28E-11** 
2.0E*00 9.76E-11 1.02B-10 9.78E-11* 8 .77E-U* 7.60E-11* 6.40E-11* 4.28B-11** 
4.0E+00 9.76E-11 1.02E-1O 9.77B-11* 8.77E-11* 7.«0E-11« 6.40B-11* 4 . 2 8 B - 1 1 " 
7.0E+00 9.7«B-11 1.02B-10 9.77E-11* 8.77B-11* 7.60E-11" 6.39E-11* 4 . 2 8 E - U " 
1.0E+01 9.76E-11 1.01E-10 9.77B-11* 8.77E-11* 7 .60E-11* 6.39E-11* 4.2BB-11** 
2.0E+01 9.76E-11 1.01E-10 9 . 7 7 E - U * 8 . 7 7 E - U - 7.60E-11* 6.38E-11* 4 . 2 8 E - 1 1 " 
4.0E+01 9.76E-11 1.01E-1C 9.76R-11* 8.77E-11* 7.60E-11* «.36E-11* 4 .29E-U* 
7.0E*01 9.75E-11 1.01E-10 9.75E-11 8.77E-11* 7.C0E-11* «.3£B-11* 4.29E-11* 
1,78+02 9 . 7 S E - U 1.01E-1C 9.75E-11 8.77E-11* 7.60E-11* 6.33L-11* 4 .29E-U* 
2.0E+02 9.75E-11 1.01E-10 9 . 7 4 E - U 8 . '7E-11 7 .60E-11* 6 . 3 0 B - U * 4.29E-11* 
4.0E-HI2 9.74E-11 1.01E-10 9.72E-11 8.77E-11 7.60B-11* 6 . 2 6 E - U * 4.30E-11* 
7.0E+O2 9 . 7 3 E - U 1.01E-10 9.70E-11 8 .774-11 7.60E-11* 6.21E-11* 4.31E-11* 
1.0E+03 9.72E-11 1.01E-10 9.68E-11 8.76E-11 7.60E-11* 8.18E-11* 4.32E-11* 
2.0E+03 9.70E-11 1.01E-10 9.64E-11 8.74E-11 7 . 5 8 E - U * 6.10E-11* 4.34E-11* 
4.0E*O3 9.C8E-11 1.0QE-10 9 . S 8 E - U 8.68E-11 7 . S 0 E - U 5.99E-11* 4.36E-11* 
7.0E+03 9.63E-11 9.9CE-11 9.51E-11 8.S9E-11 7.38B-11 5.88E-11* 4.36E-11* 
1.0E+04 9.S9B-11 9.90E-11 9.43E-11 8.50B-11 7.26E-1J 5.80E-11* 4.35B-11* 
2.0B+O4 9.52E-11 9.71E-11 9.18B-11 8.18E-11 6.92E-11 5.56E-11* 4.27E-11* 

icyt • - Poaaible Br: tor Greater Than 10% 
• • - P o s s i b l e Ei rro- G l u t e i r Than 1001 

Motes: For Chebysbev f i t * of the above rate c o e f f i c i e n t ! i t i s necessary t o u«e t h e fo l lowing parameters. 
E „ i n - 1.0E*00 *V, E g i , - 2.QE+04 eV 

Chebyshev f i t t i n g Parameter* for Rat* C o e f f i c i e n t s 
He 

Energy 
(•V/asw) AO Al A2 A3 A4 AS AC 

10000. -4 .61*218*01 -1.01540E-02 -S.73295B-03 -2.J0999E-03 -8.4O721E-04 -1.26867E-04 1.76279E-04 
20000. -4.60412E+01 -1.61968E-02 -9 .478958-03 -4.78055E-03 -2.35744E-03 -1.14505E-03 -S.31594E-04 
40000. -4.612S3E+01 -2.31383E-02 -1.33331E-02 -6.62458E-03 -3 .18902E-01 -1 .S36898-03 -7.59534E-04 
60000. -4.633758*01 -2.16963E-02 -1.67017B-02 -1.078SOB-02 -5.66807E-03 -2.33604E-03 -7.64767E-04 
80000. -4 . (63238*01 -2.96S00E-02 -2 .31326E-02 -1.47960E-02 -7.4O205E-O3 -2.S7953E-03 -2.97132E-04 

100000. -4.70209E*01 -5.97314E-02 -2.79167E-02 -9.J2472E-03 -2.96002E-03 -1.17463E-03 -6.06512E-04 
120000. -4.773856*01 5.70178E-03 -3.34664C-04 -4.17679E-03 -4.62136E-03 -2 .708878-03 -7.41640E-04 

8e« appendix for Chebyshev f i t d e t a i l s . 
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He + He* ->He(2 IP) + He* 

Beam - Maxwellian 

11.0 -

10.0 -

He Energy 

(eV/omu) 

A z: 10000. 

X = 20000. 

V - = 40000. 

* = 60000. 

e = 80000. 

o = 100000. 

a = 120000. 

Recommended 

uoio 

- - Chebyshev Fit 

itf id ic? id* io4 io5 

He* Temp. (eV) 



B-80 

Election Capture Cross Sections for 

•**••«-> l«(3iS,J1P,lI0) • ae* 

I31S) 
finerey Cross Section 
eV/aaa en' 

Energy Cross Section 
ev/env en 2 

C3X0I 
SAeray Cross Sectto 
oV/anst en 2 

i.SE*03 
3.*E*03 
3.u*o: 
s.et4«3 
7.0K*«3 
t.0K*OJ 
1.01*44 
l.SE+04 
2.0E+04 
2.SB*04 
l.SE+04 
4.0E*04 

2.17C-1* 
2.92E-1* 
1.S4E-1* 
2.13E-1* 
2.7»E-1» 
3.30B-1* 
4.S3E-1* 
S.44E-1* 
1.13E-1I 
1.27E-M 
1.3*E-1« 
1.40E-1* 

7.SE+02 
1.0E+03 
l.SE«03 
2.0S*«3 
2.51*03 
2.(t**3 
3.0E*O3 
3.5**03 
S.0E«O3 
(.H*03 
t.0L««3 
1.01*04 
1.3E«*4 
1.5**04 
2.0E«04 
2.21*04 
2.»*64 
3.OE*04 
3.SE*04 
3.*E*04 

2.14E-1* 
2.53E-1* 
3.57E-1* 
4.ME-1* 
7.»1B-1» 
7.MI-II 
7.34E-1* 
C.28E-1* 
S.00E-1* 
4.72E-1* 
S.43E-1) 
5.47E-1J 
•.*3B-lt 
1.328-1* 
1.441-1* 
1.45E-1* 
1.401-14 
1.24B-1B 
1.02E-1* 
*.(»E-1« 

l.«t**j 
2.SE**3 
3.0E*03 
3.5B+03 

S.*E*v3 
(.0E*03 
7.0E**1 
1.0E**4 
1.5E**4 
2.0E*i4 
2.5E«*4 
3.ae««4 
3.7E+04 

5.181-1* 
4.»1E-1» 
'.42E-1* 
4.44E-I* 
7.7CE-M 
«.»1E-1* 
».23E-1» 
>.13E-1> 
S.17E-1* 
C.2K-1* 
4.C9E-19 
1.4U-1* 
2.S0E-1* 
1.41E-K 

Deferences. 3 1S - 204; 3 l» - 20, 204, 205, 204j 3 2D - 20, 204, 2 M 

Accuracy. 40% 

fg&Ul (1) The quoted accuracy is only sn estisatc. Tne dlseaiecnent between the data sets is 
an large m a factor of 2 or sore. 
(2) The cross section (•}! for capture Into state 1 is eeternlsed by asaauring the 
•mission cross section (»JJ> for a transition fron state i to j, correcting for any 
branching fron state 1 and correcting for cases/ 14 fros upper states. 

for Chnfeysbev fits of the above cross sections it is necessary to use the following parameter*. 

(3l*> E, t B • 2.JE*03 ev/anu. *•*« 
(3X») s\,J(, • 7,S**02 ev/anu. *•*» 
(3JD) E. i B • 2.0E*03 ev/anu. «•*» 

4.0E*04 eV/*nu 
3.*E*04 eV/snu 
3.7E**4 eV/anu 

13'•) 
oh) 

Chebyshov f i t t i n g Para—ter* for Cross s e c t i o n s 

A0 Al A3 A3 A4 AS 
•4.25(7 1.14450 .0774**4 -.24*151 .0054*1** .0475(17 
*3.»443 .7(4»S1 -.124712 .043 lit* -.171*0* -.142303 
04.1*47 -.4*5772 -.5*5J47 -.0*045(0 .03(0540 -.0005(42 

A4 A7 A* 

- ( . ( • • 1 1 E - 0 4 - .0125101 .00445413 
.9*1*401 .0**1*M -.0*10714 
.922317* - . 00 (73 (01 -.0117040 

TM f i t represent* the ( I 1 * ) cros s s e c t i o n with sn rns dev ia t ion of 1.2*. 
Tne naiinun deviat ion i s l . »» at * .0t*03 eV/anu. 

The f i t represents the ( l l » i cross sect ior. with «n rn* dev ia t ion of 3 .7« . 
The a i i inun deviat ion i s ».7» at >.5r>03 eV/anu. 

The f i t represents the (I'D) cross s e c t i o n with an t* 
The naiinun deviat ion i« 2.51 at >.0r<03 eV/eau. 

dev iat ion of .0%. 

tee appendu for Chebyatiev f i t d e t a i l s . 



B-ai 

He* + He - > He(3,S,3,Pl3,D) + He* 

Cross Section vs. Energy 

K) .-f7 
T 1—I I I l l l | 1 1—I V I I I I I 1 1 I I I I I I 

10' I I 

10 , -» J I I I I I I l l L _ _ l I I , I I i 11 I I I I I I I 

A = (3*S) 

x = (3'P) 

* = (3'D) 

Recommended 
Doto 

Chebyshev Fit 

Kf itf 104 

Energy (eV/omu) 
Kt 



8-82 

Electron Capture Cross Sections (or 

Be* • as -> B e t J 3 * ^ 3 * ^ ^ ) • Be* 

C3 3S1 (3 »r« O 3 !*) 
Energy Cress S e c t i o n Energy Cross S e c t i o n Waroy Cross Sect ic 
e V / a u « * e V / a s * « * e V / a s s c . 2 

S.OE+03 4.S2E-19 2.SE«4)2 2 .05E-19 2,SE*02 1.34C-10 
C.0C*o3 4.CSE-19 3.SE*«2 2 .02E-19 3.5E+02 1.21E-10 
7.0E*«3 4.09E-19 4.0E«v2 2 .01E-19 5.0E+02 1 .07E-IS 
9.0E*«3 S.07B-19 n.0E««2 2 .33E-19 7.0E+O2 0 .97E-19 
1.0X*04 4 . M E - 1 9 B.0E*4>2 3 .03E-19 O.OE+02 0 .01E-19 
1.5E*04 1.2SE-1B 1.0E443 1.79E-15 9.0E+02 0 .94E-19 
2 .*Z*M 1.93E-1B I.SC«*)3 4 . U E - 1 9 i.oe*«3 9.43B-19 
2.5E**4 2.CBB-1* 2.0E*03 0 .05E-19 1.4E+03 1.35E-10 
3.0E+04 3 . M E - 1 0 2.5E*02 « .5*E-19 1.7B««3 i . m - n 3.0E««3 C.3IE-I9 2.0E*«3 7.9BE-19 

4.«C««3 « .«0 t>19 2.5E»03 C.«1E-1* 
C.Otef-3 7 .1SE-1* 2 .0S**3 7 .27E-19 
•,«B*4)3 7 .71E-19 3.4E+03 0 .22E-19 
9.9E«4)3 0 .35E-19 3.0E«03 0 . 5 0 E - I 9 
l .SE*«4 9 .99E-19 4.SE*«3 0 . 1 2 E - I 9 
2.0E*«4 l . U E - 1 * S.4E*4)3 S .94E-39 
3,«E«*)4 1 .25B-11 5.9E*03 * .<9E-19 
3 ,7E*«4 1.31E-14 *.SE**3 

?.1E«03 
7.7E+03 
*.5E*03 
l .BE*04 
1.2E**)4 
1.SEHS4 
1.7E*04 
2.2E«04 
2.9E*04 
3.BE*04 

7 .03E-19 
B .22E-I9 
9 .S2E-19 
9 .90E-19 
9 .S3E-19 
• . 4 4 1 - 1 9 
C.73E-19 
5 .33E-19 
3 .49E-19 
2 .34E-19 
1.C3E-19 

•eferoaces. (3 3 I ) - 20, 20S; (3 3M - 20. 204, 205. 24*; (33D) - 20. 204. 205. 20* 

A C W C T S 40* 

fa&ajj U ) Tha gcoted accaracy ia only as eat iaate . Tte dUegreeaeat between the data .eats i s 
a s large as a factor of 2 or aore. 
(2) Tha cross section ( • 1 ) for capture iato s ta te 1 i s determined by neaeuriag tha 
emission cross section Uj*) for s traasit ioa from s tate 1 to J, correcting for any 
braacbiag froa s ta te i and correcting, for cascading fron upper s tatea . 

For Casbyabev f i ta of the above cross sections i t 1> necessary t o ose tha following pereaeters. 

<3>*> E . ! . 
(3 3 ») E . t , 
<>**> « . in 

S.0t>03 eV/ana, 
2.5B>02 eV/aao, 
2.5E*02 ev/aau. 

tmMM - 3.QE+04 «V/aa» 
E , , , • 3.70*04 aV/aau 
E,,, , • l.BC*04 ev/amt 

Chobvshov f i t t i n g 9eraasf i s for Cross Sections 

(3*»1 
A0 Al 

•02.7952 1.0599* 
A2 A3 A4 

.14*000 -.0970993 -.01*2972 
<33r>) -04.115* .979730 -.132417 .00002795 .121942 
(3*0) -03.M77 -.041000 -.315720 -.312(50 -.0741)95 

A5 A* A7 A* 
.00*44021 -.0131900 -.0124*51 -.00*14755 
.129354 -.0123000 .0027000 -.0301*41 
.009020*4 .00149*4 .1223*3 -.0*55599 

The fit represents the (JJf) cross section with sn rn* deviation of 0.0*. 
The ewilawa deviation 1* 0.0* at *.0l»ol ev/aau. 
The fit represent* the (JJP) cross section with an rn» deviation of 5.J*. 
The aarlaon deviation is 9.0* at 3.0E*03 ev/aau. 
The fit represent* the (1JD) cross section with en C M deviation of 11.0*. 
The asulaun deviation i# 23.9* at 2.51.01 ev/aau. 

Bee appendli for Chebyahev fit details. 
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He* + He - > He(33S,33P,33D) + He* 

Cross Section vs. Energy 

K) ,-ff i — i i i i n i | 1—i i i 11111 1—i—i i i i n 

10" it 

A = (33S) 

x - (33P) 

* = (33D) 

10* •w I I I l . l l l l I I ' « » ' " ' ' » 1 I I 1X1 

Recommended 
•Doto 

Chebyshev Fit 

tf itf 104 

Energy (eV/amu) 
icr 



B-84 

Electror. Captar. Croaa Scctioaa for 
Ba* • B« -> •«(4 1 S,« 1 ».4 1 D) • B«* 

(4Js> 
Ettat9y Cross Sectioa 
ev/aaa c»* 

(4*r> 
•K*r«r Croa Sect la 
cv/acu car1 

(4*0) 
Kbargy Croaa Sactia 
< f / a n ca? 

*.2E*02 
7.30*02 
*.4E*42 
1.00*03 
1.2E*03 
1.31+03 
1.41*03 
I.SB+03 
1.(0*03 
1.01*03 
2.00*03 
2 . 31*03 
2.CE403 
2.7(403 
3.0E+03 
3.2B*03 
3.70*03 
4.1B«03 
4.*E*03 
4.5E+C3 
7.»S*03 
9.CE+03 
1.2C+04 
1,41*04 
l.SE*04 
l.*B*04 
2.2E404 
2.0B*04 
3.31*04 
3.00*04 

•.Ctt-21 
i.ue-2© 
3.2SE-20 
1.30B-20 
l . U E - 2 0 
l . l t t - 2 * 
1.10E-20 
1.33E-20 
l.CSE-20 
2 .320-20 
2.07E-20 
3.42E-20 
3.J7E-20 
3.93E-20 
3.03E-20 
3.72E-20 
3 . ( 2 0 - 2 0 
3.09E-20 
4-02E-20 
S.10E-2J 
4 . D E - 2 0 
7.73E-20 
1.00E-19 
1.J9E-19 
1.740-19 
2.02E-19 
2 .101-19 
2.29E-19 
2 .250-19 
2.140-10 

3.00*03 
1.10X03 
1.2E*«3 
1.3B*«3 
1.30*03 
1.40*03 
l . fE*03 
l . U * 0 3 
2.20*03 
2.40*03 
3.20*03 
3.40*03 
3.»E*03 
4.3E*03 
4.«E*S3 
5.4E*03 
6.40*03 
7.50*03 
0.4(*03 
1.0E*04 
1.10*04 
1.3E*04 
l.«E*04 
1.00*04 
2.0E*0* 
2.41*04 
7.00*04 
3.20*04 
3.7E*04 
3.9E*04 

0. (50-20 
4 . (90-20 
S.33B-20 
4.02X-20 
4.03B-20 
5.17E-20 
4.04B-20 
7.450-20 
o.soe-20 
1.14B-1* 
1.41B-1* 
1.C1E-19 
1.430-1* 
1.(10-10 
1.52B-H 
1.52B-19 
1.44B-1* 
1.0*0-1* 
2.32B-1* 
2.MB-10 
l . jOC-lf 
4.29K-1* 
5.01E-19 
S.ME-19 
f .00K-l* 
5.03B-1* 
5.20B-1* 
4.40E-1* 
J .701-19 
3.53E-19 

2.5**92 
3.00*02 
3.SC*02 
4.10*02 
5.0E*02 
4.20*02 
7.2**12 
0.10*02 
9.16*02 
1.0E*«3 
1.10*03 
1.3B*03 
1.<E*03 
l .»B*03 
2.1**03 
2.2B*03 
2.4**93 
2.SE+03 
2.7E*03 
2.*E*03 
3.00*03 
3.10*03 
3.30*03 
3.51*03 
3.7E*03 
3.1E*03 
4.10*03 
4.4E*03 
«.0E*03 
5 . (0*03 
7.00*03 
0.11*03 
9.7E*03 
1.2E*04 
2.00*04 
3.00*04 
3.0E*04 

7.24E-20 
9 .39S-7* 
1.030-10 
0.74C-20 
5 .100-2* 
1.55B-26 
3 .9»«-20 
' * * » 2 0 
• . 1 4 0 - 2 0 
7.CBC-M 
7.0CS-20 
7 .040-20 
0.07E-20 
0.23E-20 
0 . (51 -20 
1.94E-19 
1 .1 (1-19 
1.19E-19 
1.100-10 
0.9SE-20 
7.13E-20 
4.30E-2O 
4.24E-20 
C.4M-20 
7.010-20 
0.14E-20 
9 .90S-2* 
; . ioc-1* 
1.421-19 
1.71E-1* 
2.11E-1* 
2.42E-1* 
2.750-1* 
3.J20-1* 
2.730-1* 
0.420-20 
4.33C-20 

Bafaraacaai (4 1S) - 20, 204, 20S, 204, 207; (4*l>> 
205, 204 

Accutacyt 400 

20, 144, 204, 205; 14*0) - 20, 1*4, 204, 

Qatar,» (1) Tba qooted accuracy ia only an aatlaete. 7ba diaagraaaaat batvacn tba data aata la 
a* larga aa a factor of 2 or aora, 
(2) Tba ccoaa taction («j) for Captara Into ttata 1 la datarainad by aaaaucino. tha 
•alaalon ccoaa (action t»i«> for a transition fro* atata i to ), correct!** for aay 
branching fro* atata 1 and correcting for cascading froa o|>par atataa. 

for Chebysbar fita of tba abova croaa aactlona it ia nacaaaary to ua« tha following paraaatara. 

«•?» «.i» - 0.20*02 tV/aau. ««*«• 3.0k*04 av/aau 
<*]'> «.la - 1.00*03 aV/aau, * » . ' 3.9**04 eV/aau 

I*1* «ain • 2.50*02 eV/aau, ««aK- 3.00*04 aV/aau 

Chabvahav rittlna raraaatart for Ctosa Pactions 

<4l*> 
(41»> 

A9 Al A2 A3 
-0O.0247 1.495*1 .0100004 - .0955575 
-04.2453 1.12530 - .1477*4 - .2*3207 
-07.4470 .3040*5 - .224271 - .441543 

A4 A5 M 
-.0023400 -.127347 -.001*7*00 
-.0*37170 -.14*724 .1(0441 
-.207424 -.110320 -.0104240 

A7 l* 
.14*7*7 -.0939*05 
.00791441 -.0240953 
.229*1* -.141272 

Tha fit rtpraaanta tha (4*6) ccoaa taction with an rat deviation of O.St. 
Tha aanlaua davlatlon ia 17.41 at 7.30*02 eV/aau. 
Tha fit rapraaanta tha t*1?) croaa taction with an rat deviation of 3.51. 
Tha aailaua deviation la 7.1% at 2.(0*03 av/aau. 
Tba fit rapraaant* tha (41D) croaa taction with tn rM davlatlon of 1*.S». 
Tha solatia daviation it 17.(t at ).3E*01 aV/aau, 

Oaa appendin for Chehythev (it detalla. 



B-85 

He* + He - > He(4,S,4,P,4,D) + He* 

Cross Section vs. Energy 

C 
O 
o 
<u V. 
(ft 
V) 

o 

10 
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Olactroa Captara Croaa Sactioaa foe 
Oa* • • • -> •a(4 J 0,4 3 0.**0) • Oa* 

<43S> (4 »»l uhn 
Oaacoy Ceo* a Sactloa e * * r « r Ccoaa Sactloa Oaarajy Ccoaa Sactl i 
aV/aa* o * av/aaa e.2 eV/a*» c c * 

3.70*12 3 .0 *0 -20 2.50*02 3.050-20 2 .50*02 2.04E-1I 
4 .00* (2 3.250-20 3.00*02 2.300-20 3 .00*02 1.30B-1* 
5.00*0. ' 2 .0 *0 -20 4.00*02 1 . 7 ( 0 - 2 * 1.50*02 3 . ( 2 0 - 1 * 
( .00*02 2.120-20 5.00*02 1 . (20-20 3 .00*02 3.5(E-1» 
7.00*112 3 .0 (0 -20 5.30*02 1 . (40-20 4 .20*02 3 . 2 ( 0 - 1 ! 
7.70*02 3 . M 0 - 2 0 5 . (0 *02 1 . M 0 - 2 0 4.*C*02 2.51C-1» 
0 . (0 *02 3.440-20 5.70*02 3.000-20 5 .70*02 2 . 0 ( B - 1 * 
».70*02 3.170-20 ( . 30 *02 4.530-20 ( . 0 0 * 0 2 1 . 7 * 0 - 1 * 
1 .10* .3 3.000-20 ( .70*02 3.S70-20 7.70*02 1 , 4 0 - H 
1.30*03 3.300-20 7.50*02 3.370-20 0 .10*02 1 .710 -1 * 
l .S0*03 4.120-20 0.30*02 2.S5C-20 0 .»0*02 : . » 7 « - i » 
1.70*03 4.040-20 ».2B*02 2.720-20 * . * C * 0 2 2 . 3 3 0 - 1 * 
2.00*03 ( . 010 -20 1.00*03 2 . (40 -20 1.1**03 2 . ( 0 0 - 1 * 
2.40*03 ( . 010 -20 1.10*03 2.050-20 1.20*03 2 . 1 * 0 - 1 * 
2 . (0 *03 7.000-20 1.40*03 3.040-20 1.30*03 2 . 1 * 0 - 1 * 
1.00*03 ( . 000 -20 1.70*03 4.030-20 1.50*03 2 . ( 4 0 - 1 * 
3 . (0*03 ( . 040 -20 2.00*03 ( . 2 ( 0 - 2 0 1.70*03 2 . 2 ( 0 - 1 * 
4.10*03 ( . 710 -20 2.30*03 0 .5 (0 -20 2 . ( 0 * 0 3 l . t S K - 1 * 
5.50*03 7 .070-20 2 . (0 *03 » . 7 * 0 - 2 * 2 .40*03 1.50O-1* 
7 . (0*03 l .ooo-i* 3.00*03 1 . 0 2 0 - 1 * 2 . ( 0 * 0 3 1 .150-1* 
1.70*03 1 . 4 0 0 - 1 * 3 . M * » ' ».511-20 2.*C*03 1 . 2 1 0 - 1 * 
1.20*04 1.OC0-1* 4 . (0 *03 0 .4*0-20 3 .20*03 1 ,200 -1 * 
1.30*04 2 . 7 3 0 - 1 * 4.70*03 7.040-20 3 .40*03 1 . 2 3 0 - 1 * 
1.70*04 3.000-10 4.00*03 7 .7 (0 -20 3.00*03 1 .370 -1 * 
2.10*04 S . 5 2 0 - 1 * 5.20*03 0 .0*0-20 4.40*03 1 . H 0 - 1 * 
2 . (0*04 7 . 1 3 0 - 1 * ( .30*03 ».510-20 5 .10*03 1 . U 0 - 1 1 
3.00*04 0 . 2 0 0 - 1 * 0.00*03 1.200-10 ( . 1 0 * 0 3 2 . 3 * 0 - 1 * 
3.40*04 0 . ( 1 0 - 1 * 1.40*04 1 . 0 * 0 - 1 * 7 .30*03 2 . 7 7 0 - 1 * 
3.70*04 1 . ( 5 0 - 1 * 2.00*04 2 . 4 7 0 - 1 * 0 .40*03 3 . M C - 1 * 

2.70*04 3 . 2 ( 0 - 1 * » . 00*03 3 .23K-1* 
3.30*04 3 . 0 7 0 - 1 * 1 .10*04 3 . 3 4 0 - 1 * 
3.00*04 4.070-10 1.30*04 

1.40*04 
1 . ( 0 * 0 4 
1 . 0 0 * 0 4 
2 .30*04 
3.00*04 
3 .40*04 
3 .00*04 

2 . H C - 1 * 
2 . ( 1 0 - 1 * 
2 . 2 * 0 - 1 * 
1 . 7 ( 0 - 1 * 
1 .110 -1 * 
1 . ( 7 0 - 1 * 
0 . 1 ( 0 - 2 * 
( . ( 2 0 - 2 * 

Oafacancaat <4J*> - 20, 1(4, 204, 2*5, 20(, 207» I4 3 f ) - 20, 1 ( ( , 2*4, 203, 2071 (4*0) - 20, 
1( ( , 204, 205, 2* ( , 2*7 

accucacri 4(t 

f j t t iaj (1> Tha qootad accuracy la only a* aatiaata. Tka dlaaotiaaant batman tba data aata la 
aa lacg* aa a factor of 2 oc aora. 
12) Tha ccoaa aoctloa (»j) foe captoca lata atata 1 la datecalnad by •aaaaclno tha 
aalaaloa croaa aactlon ( * t j ) for a traaaltioa froo atata 1 to J , correcting for aay 
branching froa atata 1 and correcting for caacadiao. froa wpper a t a t t j . 

roc Cfcabyabav f l ta of the above ccoaa aactloa* I t la aeceeaary to uaa tba following, paraawtere. 

'«'«> *.ln 
<«'»> *.tn 
«« JW *»ln 

3.7C**2 tv/aou, 
2.50*02 aV/aao, 
2.50**2 av/aaw, 

«aa« 3.70*04 eV/aaw 
3.70*04 eV/aew 
3.00*04 eV/nau 

Chabvehav rlttlaa *acaa»taca tec Ccoaa Paction* 

AO 
•07.3203 
-(7.»»4( 

Al 
1.7(744 
1.50*55 

(4 J0) 
<4J»> 
(*}0) -»*.1*12 -.50(204 -.0*53**1 

02 
.4(0325 
.17**** 

A3 A4 
-.012(*S( .01*7(77 
-.0510X0 .!!((•( 
-.353322 -.207341 

A5 A( 
•.212447 (.1(4(21-04 
,1**5(( -.01700(0 
.015771) .07231*4 

»7 A* 
-.O1S3550 .0(0*3(4 
-.02)3030 .130037 
.147(0* -.1*75*0 

Tha fit copraaanta tba (4J0) ccoaa (action vlth an caa deviation of *.*«. 
-ha aaalaua deviation la 20.(« at 1.1**03 aV/aau, 
Tna fit capraaanta tha <4J»> croa* faction with an raa deviation of K . M . 
Tna aaitaoa (aviation la 43.51 at 3.30**2 eV/aeu. 
Tba fit rapraaanta tha (4*D> croaa faction with an C M deviation of 11.3*. 
Tha Maiaua deviation la 34.(1 at 3.00*02 eV/aau, 

*>« appendli for Chabyahav fit dataiia. 
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He + + He - > He(43S,43P,43D) + He + 

Cross Section vs. Energy 
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A = (4 3S) 

x = (4 3P) 

* = (43D) 

Recommended 
•Data 
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Energy (eV/amu) 
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B-88 

Line Emission Cross Sections or Electron Capture Collisions for 

He* • Li -> Het58.4,53.7) + Li* 

(58.4 na) 
Energy Cross Section 
ev/aau ca 2 

(53.7 na) 
Energy Cross Section 
eV/aau ca 2 

5 OE+02 
*.0B-M>3 
1.3E+03 
1.5E+03 
2.0E+03 
2.5E-03 
3.0E+O3 
3.SE+03 
4.0E+03 
4.5E+03 
5.0E+03 

1.S4E-16 
2.45E-1S 
2.63E-16 
2.68E-16 
2.87E-16 
3.31E-16 
4.38E-16 
5.02E-16 
5.21E-16 
5.38E-16 
5.S3E-16 

5.0E+02 
8.4E+02 
1.0E+O3 
1.55*03 
2.0E+03 
2.5E+03 
3.0E+03 
3.5e*03 
4.0E+O3 
4.5E+03 
5.0E+03 

1.29E-18 
4.50B-18 
6.81E-18 
1.05E-17 
1.47B-17 
2.06E-17 
2.&3E-17 
3.98E-17 
4.53E-17 
4.77E-17 
4.80E-17 

References; 267 

Accuracy; unknown 

note; (1) The 3p 1P° - Is 2 lS transition gives rise to the 53,7 na line with the 58.4 line 
radiation coning fron the 2p *P° - Is 2 *S transition. 

Por Chebyshev fits of the above cross sections it is necessary to use the following parameters. 

(58.4 na) E„ i n • 5.0E+02 eV/aau, E M X » S.OE+03 eV/aau 
(53.7 na) E,,in » 5.0E+02 eV/aau, E ^ , » 5.0E+03 eV/aau 

Chebvshev Pitting Parameters for Cross Sections 

AO Al A2 A3 A4 A5 A6 A7 A8 

(58.4 na) -70.6362 -.107414 .390900 .106996 -.435807 .414268 -.355868 .226467 -.0503910 
(53.7 na) -78.5786 2.06788 -.344623 .0776140 .0263737 -.246781 .172594 -.0896915 .0520900 

The fit represents the 58.4 rm cross section with an ras deviation of 1.31. 
The maximum deviation is 2.6t at 2.5E+03 ev/amu. 

The fit represents the 53.7 nn cro»s section with an can deviation of 0.6». 
The maximum deviation is 1.41 at 4.0E+03 eV/amu. 

S«b appendix for Chebynhev fit Oxtails. 
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He* + Li - > He(58.4,53.7) + LiH 

Cross Section vs. Energy 
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Recommended 
•Doto 
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Energy feV/omu) 
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Electron Capture Cross Sections foi 
He 2* + 8 -> He*(2s) • H* 

Energy Velocity Cross Section 
(eV/aau) (cm/s) (ca2i 

2.3E+01 6.66E+06 1 -01E-23 
4.CE+01 8.79E+06 1.93E-22 
7.0E+01 1.16E+07 2.96E-21 
1.0E+02 1.39E+07 1.64E-20 
2.0E+02 1.96E+C7 5.15E-19 
4.0E+02 2.76E+07 S.71B-18 
7.0E+02 3.68E+07 2.19E-17 
1.0E+03 4.39E+07 3.92B-17 
2.0E+03 6.21E-.-07 9.06E-17 
4.0E+03 8.79E+07 1.35K-16 
7.0E+03 1.16E+08 1.57B-16 
1.0E+04 1.3SE+08 1.63E-16 
2.0E+04 1.96E+09 1.40E-16 
4.0E+04 2.78E+08 6.73E-17 
7.0E+04 3.68E+08 1.95E-17 
1.0E+OS 4.39E+08 7.15E-18 
2.QE+05 6.21E+08 6.07E-19 
4.0E+0S 8.78E+08 3.70E-20 
7.0E+05 1.16E+09 3.23E-21 
1.0E+06 1.39E+09 6.01E-22 
2.0E+06 1.96E+09 1.56E-23 
2.5E+06 2.19E+09 4.77B-24 

Referencest 21, 24, 25, 56, 57, 168, 169, 170, 171, 172, 173 

Accuracy; E < 1.5xl03 eV/astu - unknown; 1.5xl03 eV/amu < E < 1.2xl05 eV/amu - 401; E > 1.2x10s 

eV/amu - unknown 

notes; (1) Data for energies l*ss than l.SxlO3 eV/aau and greater than 1.2x10s eV/amu are 
theoretical data. 
(?) The Be*(2s) population is obtained by quenching in an electric field and measuring 
the additional 30.4 nm photons observed. 

Por a Chebysbev fit of the above cross seceions it is necessary to use the following parameter*. 
Eg^ > 2.3E+01 eV/amu, Zmax • 2.5E+06 eV/anu 

Chebyshev Fitting Parameters for Cross Sections 

A0 Al A2 A3 A4 A5 A6 A7 A8 
-89.4268 -.438776 -8.73454 .130314 -.0101210 .0343355 .227699 -.188121 -.130396 

The fit represent! the above cross sections with an rm* deviation of 8.2%. 
The maximum deviation is 19.6* at 2.0E+06 eV/amu. 
See appendix for Chebyshev fit details. 
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He2* + H - > He*(2s) + H* 

Cross Section vs. Energy 
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Electron Capture Bate Coefficients foe 
Be 2* • a -> Be*(2s) • B* 

(lasvellian - Manrelliaa Bate Coefficient* (o» 3 / s ) 

Be'* 
Te»p. Equal B Te»s>. CeV) 
<ev> Te**>. 10 . 100 . soo. 1000. sooo. 10000. 20000. 

7.0E+40 2.97E-1C 1.49E-15 2.81E-11 1.30E-09 3.62E-09 1.S3E-08 1.93E-08 1.84E-08 
1.0E+01 2.08E-15 2.08E-15 2 .ME-11 1.30E-09 3.63E-09 1.S3E-08 1.93E-08 1.84E-08 
2.0E*01 8.24E-14 5 .ME-15 3.11E-11 1.31E-09 3.C4E-09 1.53E-0B 1.93E-08 1.84E-0S 
4.0E+01 2.04E-12 2.59E-14 3.60E-11 1.33E-09 3.CCE-09 1.53E-08 1.93E-08 1.84E-08 
7.0E+01 1.70E-11 1.33E-13 4.42E-11 1.37E-09 3.C9E-09 1.S3E-0S 1.93E-08 1.84E-08 
i . e e * 0 2 5.34E-11 4.24E-13 5.34E-11 1.40E-09 3.73E-09 I .53E-08 1.93E-08 1.84B-08 
2.02*02 3.27E-10 4.25E-12 9.04E-11 1.51E-89 3.84E-09 1.53E-08 J.93E-08 1.84E-08 
4.0E+O2 1.29E-09 3.CQE-11 1.93E-10 1.74E-09 4.07E-O9 1.S4E-08 1.93E-08 1.84E-08 
7.0EHJ2 3.03E-09 1.S8E-10 4.04E-I0 2.09E-09 4.41E-09 1.55E-08 1.93E-08 1.84E-0* 
l.QE+03 4.75E-09 3.57E-10 6.C7E-10 2.44E-09 4.7SE-09 1.5«E-08 1.94E-08 1.84E-08 
2.0E*03 9.49E-0* 1.33E-09 1.74E-09 3.4IE-09 S.81E-09 1.60E-Q8 1.94E-0B 1.83E-08 
4.0E+03 1.53E-08 3 .MB-09 4.07E-09 5.81E-09 7.77E-09 l.CCE-08 1.95E-08 1.82E-08 
7.0E+03 1.88E-08 4.87E-09 7.21B-09 8.CCB-09 1.03E-08 1.74E-08 1.96E-08 1.80E-08 
1.0E+04 1.96E-08 9.S2E-09 •.eec-cs 1.10E-08 1.23B-08 1.81E-08 1.94X-08 1.78E-08 
2-0E+O4 1.71E-08 1.S3E-08 1.S4E-08 1.C0E-08 1.66E-08 1.93E-08 1.95E-08 1.71E-08 

Rote*: For Cheby*hev f i t * of the t above r a t e c o e f f i c i e n t * i t i s necessary t o use the fo l lowing paraaeti 

e»in - 7.0E+00 eV, *»*« • 2- OE+04 eV 

Chebvshev f i t t ing Parameters for Bate Coefficient* 
B 

Teap. 
<*V) A0 Al A2 A3 A4 AS A6 

10. -5.09308E+01 8.87617E+00 -8 .39518E-01 -8.53899E-01 3 .0SK4E-01 4.68396E-02 -6.90001E-02 
100. -4.33040E*01 3.4S156E+00 4.25707E-01 -3.52271B-01 -1.41060E-01 4.7636SE-02 2.508S1E-02 
SOO. -3.924C4E+01 1.26410E+00 4.89137E-01 2.19874E-02 -7 .43310E-02 -3.13817E-02 1.6290SE-03 

1000. -3.7944CE+01 7.26279E-01 3.33S93E-01 6.06574E-02 -2.84279E-02 -2.45434E-02 -C.7286SE-03 
SOOO. -3.587076*01 1.02283E-01 S.S910SE-02 1.82827E-02 7.91325B-04 -3.18S8CE-03 -2.27033E-03 

10000. -3.55175E+01 7.32283E-03 2.24624E-03 -1.32249B-03 -2.1904SE-Q3 - l . t l l l l E - 0 3 -8 .215616-04 
20000. -3.58488C+01 -2.68120E-02 -1 .78987E-02 -9.56011E-03 -4.19249E-03 -1.52887E-03 -4.56494E-04 

Equal Temf. -4.7388tE»01 8.C17S2E+00 - 3 . 1 4 8 < I ^ 0 0 4.0742SE-01 9.02464B-03 -8.82451E-02 3.10401E-02 

See ap|>en4ix for Chebyshev f i t deta i l* . 



He2* + H ->He*(2s) + H* 

Maxwellian — Maxwellian 
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B-94 

Electron Capture Bate Coefficients foe 
B • Be 2* -> Be*(2s) • •* 

B e n - Munrellian Bate Coefficients (caP/sl 

. 2 * 

(«V) 10000. 
troy W / I M ) 

1.0E+09 2.2CE-0B 2.7SE-0B 1.B7E-M 7.14E-99 3.14B-99 3.77E-19 1.37E-11 
2.0E+90 2.2CE-M 2 .74E-M 1.97E-9* 7 .ME-09 3.14E-09 3.77E-10 1.37E-11 
«.BE«OB 2.2CE-0B 2 .74E-M l . H E - t l 7.1CE-09 3 .S4E-M 3.77E-19 1.37E-11 
7.0E+B0 2.2CB-OB 2.74E-0B l . H e - M 7.1SB-M 3.14E-09 3.77E-19 1 .378-11 
1.9E*«1 2.2CE-0* 2.74E-9B l . M S - M 7.15E-09 3.13E-09 J.77E-10 1 .378-11 
2,OE*OI 2.26E-09 2 .73E-0* 1.ME-9B 7.15B-99 3.13E-09 3.77E-10 1 .378-11 
4.0E+01 2.2SE-08 2.72E-9C 1.B5E-9B 7.14E-09 3.13E-99 3.79E-10 1 . 3 7 E - U 
7 .or+o i 2.25E-0B 2.71E-0B 1.0SE-M 7.13E-09 3.13E-09 3.7CE-10 1.37B-11 
1.91. 92 2.25B-9* 2.70E-0B 1.94E-09 7.13E-99 3.12B-09 3 .78E-I0 1 .378-11 
2.9E+02 2 .24B-M 2.C9E-08 1.93E-90 7 .121-09 3 .128-09 .•»«E-10 1.3BB-11 
4.0E+02 2 .23E-M 2.CCE-0B l . B l F - M 7.11E-09 3.12B-09 3 . , » E - 1 0 1 .388-11 
7.0E+02 2.23B-0B 2.93E-0B l.twC-OB 7.19E-09 3.12E-09 3.77E-10 1.3BE-11 
1.0E+03 2.22E-0C 2.C1E-09 1.70E-OI 7.10E-09 3.12B-09 3.7SE-10 1.39E-11 
2.0B+03 2.21E-0B 2.5SE-09 1.75E-00 7.11E-09 3.14E-09 3 .818-10 1.39E-11 
4.0E+«3 2.20E-0* 2.47E-0B 1.72E-OB 7.1BE-09 3.19E-09 3.B7E-10 1 . 4 1 E - U 
7.0E+03 2.19E-0B 2.3BE-09 1.47E-09 7.2BE-09 3.27E-99 3 .998-10 1.44E-11 
1.0E+04 2.17E-09 2.30E-09 1.C4E-0* 7.37E-09 3.35E-09 4 .118-10 1 .478-11 
2.0E+04 2.11E-09 2.09E-0B 1.53E-09 7.54E-09 3.C1E-09 4.SBE-10 1 .578-11 

Botes: roc Cbebyshev f i t s of the above rate coefficients i t i s necessary to as* the following parameters. 
E . i B - 1.08*00 «V, ( ^ - 2.0E+Q4 eV 

Chebvsnev f i t t ing Para—tats for Bate Coefficients 
B 

Energy 
(•V/aau) A0 Al A2 A3 A4 AS AC 

10000. -3.52453E*01 -2.729ME-C2 -1.25044E-02 -5.94396E-03 -3.93360E-03 -2.52798E-03 -1.1S22CE-03 
20000. -3.495528+01 -1.07234E-01 -5.7412CE-02 -2.44077E-Q2 -9 .415411-03 -1.49199K-03 -1 .33552E-03 
40000. -3.54977E+01 -9.13307E-02 -4.02505E-02 -1.59426E-02 -C.44472E-03 -J.09474B-01 -1 .44927E-03 
7000C. -3.749546*01 1.59992E-02 1.M995E-02 1.04145E-02 3 .5M418-03 -1 .14393E-04 -1 .195*98-03 

100000. -3 .9U44E+01 4.2*3598-02 J.67184E-02 2.35*171-02 1.1015CE-02 3.70448E-03 C.549328-04 
200000. -4.3333<E<01 5.99177E-02 4.72982E-02 2.99739E-02 1.60745E-02 4.773S1E-03 2.90729E-03 
500000. -4.99733E+01 4.335C2E-02 3.10234E-02 1.93053E-02 • .97145E-03 3.649S9E-03 1.27945E-03 

See appendix for Cbebysbav fit details. 
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H + He ->He*(2s) + H* 

Beam — Maxwellian 

H Energy 

(eV/omu) 

A = 10000. 

x = 2 0 0 0 0 . 

V — 40OO0. 

* = 7 0 0 0 0 . 

• = 100000. 

• = 200000. 

O = 500000. 

Recommended 
-Doto 

Chebyshev Fit 

10° 10' itf 10* 10* 10* 
He2* Temp. CeV) 



B-9S 

Electron Captexe Croaa Section* for 
Be 2* • • -> ***f2p> • »* 

Energy Velocity Cross Sectioa 
(•Y/asn) <c*/s> Ic*2) 

3.4B««2 2.41B+07 2.SSE-17 
4.0E+02 2.7*1*97 4 .121-17 
5.IK««2 3.11B+07 5.94B-17 
7.0E*02 3.C8E+07 1.64E-1C 
9.0E*«2 4.17B««7 l . t x E - 1 6 
1.0E+«3 4.39E+07 1.91E-16 
l .SE*«3 S .3U+07 3.44E-1C 
2.9E««3 6.21E+07 4.71E-16 
2 .SE-*3 6.95**4)7 5.64E-16 
3.0E+43 7.C1B+07 6.S7E-16 
4.0E*O3 *.79E*07 7 .MB-16 
S.0E««3 9.K4E+07 8.63E-16 
7.0C*03 1.16E*0* 9.31E-1C 
9.0B+03 1.32E**>* 9.39B-16 
l .SE*«4 1.70E*0* • . 73E-16 
2.0E+04 1 . N I 4 W 7.12B-1C 
2.5E+04 2 .20 t*0* 5.35E-16 
3.0E+04 2.41E*0* 3.C9E-M 
4.0E*O4 2.7*E*0* 2.13E-16 
S.OE+44 3.11E*0* 1.19E-1C 
6.02+04 3.40E*0* 7 . 1 K - 1 7 
8.0E+04 3 .931*0* 3 .121-17 
1.0E«05 4.39E*0« 1.36E-17 
1.5E+CS S.3*E*0S 3 .32E-1* 
2.0E+05 6.21E*0* 1.24E-1B 
2.SE+0S C.94E+0* 6.06E-19 
3.0E+05 7.C1E*0* 3 . 4 M - 1 9 
4.0E+05 *.?*E*0* 1.01E-19 
5.7E+05 1.056*09 1.01E-19 

Inferences t 169, 170, 172, 173, 174, 175, 174 

Accuracy^ 1 < E < 1X10* eV/aau - 20% 

MSttti (1) R*fer*nc*s 172 and 173 (Clric at al.) are the -wily experiaental r**ulta. Other data 
ar* theoretical data which in the energy region of overlap agree well with esperiswnt. 

For a Chebyehtv fit of tb* above croas section* it ia necessary to use the following parameters. 
E ) B i n - 3.0E*02 ev/aau, t m t x • 5.7E*0S eV/aau 

chebvahev fitting Para«*t*r« for Croaa Sections 

AO Al A2 A3 A4 AS A6 A7 AS 
-76.4723 -2.98910 -3.20*35 .0657861 .4505*0 .217250 .0371010 -.0730139 -.0123768 

The fit represents the above cross sections with an rsis deviation of 2.8%. 
The max mum deviation is 5.3% at 9.0E*0J eV/anu. 
See appendix for Chebyshev fit detaila. 
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He2* + H - > He*(2p) + H* 

Cross Section vs. Energy 

, - 6 
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B-98 

Electron Capture Rate Coefficients for 
He 2* • B -> Be+(2p) • H* 

Maxwellian - Haxvellian Rate Coefficients (c*3/s) 

.2* 
T e n . Equal B T e n . (eV) 
lev) T e n . 100. 500 . 1000. 5000. 10000. 15000. 20000. 

1.0E+02 2.98B-10 2 .988-10 7 .398-09 2.0CE-08 8.70E-08 1.038-07 9 .738-08 8 .778-08 
2 .08*02 1.72E-09 4.98B-10 8 .008-09 2.12E-08 8 .728-08 1.03B-O7 9 .728-08 8.77E-08 
4.08+02 6.7SS-09 1.03B-09 9.2«B-09 2.2CE-CS 8 .768-08 1 .038-07 9.71E-08 8.76E-08 
7.08*02 l .SSB-08 2 .118-09 1 .128-08 2 .468-08 8 .828-08 1 .038-07 9 .708-08 8 .748-08 
1.08*03 2.65E-08 3.48E-C9 1.328-08 2.65E-08 8 . 878-08 1 .038-07 9 .698-00 8 .738-08 
2.08*03 5 .468-08 9 .268-09 1 .998-08 3 .298-08 9 .068-08 1.03B-07 9 .648-08 8 .688-08 
4.08*03 8.C8B-08 2 .2*8-08 3 .298-08 4.45E-08 9 .368-08 1.02E-07 9 .558-08 8 .588-08 
7.08+03 1.02E-07 4 128-08 4 .988-08 5.92E-00 9 .718-08 1 .028-07 9 ,418-00 8 .448-08 
1.08*04 1.018-07 5 .658-08 ( . 3 3 8 - 0 8 7.08E-08 9 .968-08 1.018-07 9 .278-08 8 .308-08 
2.08*04 7 .838-08 8 .768-08 9 .068-88 9 .368-08 1.03E-07 9 .738-08 8 .788-08 7 .838-08 

Botes : For Chebyshev f i t s of the above rate c o e f f i c i e n t s i t i s necessary t o DOC t h e fo l lowing paraaeti 

« . i . - 1.08*02 eV, * • « " 2 .08*04 eV 

ChebTshev Fitting Parameters for Bate Coefficients 

Ten. 
(eV) A0 Al A? A3 A4 A5 A6 

100. 
500. 
1000. 
5000. 
10000. 
15000. 
20000. 

Equal Ten. 

-3.808918*01 
-3.53407B*01 
-3.42278E*01 
-3.23931E*01 
-3.22047B*01 
-3.23427E*01 
-3.25558E*01 
-3.614878*01 

3.042698*00 
1.334228*00 
7,876388-01 
8.58442B-02 
-1.790178-02 
-4.11290B-02 
-4.63175B-02 
2.77246E*00 

-5.036928-02 
2.375878-01 
.022708-01 
.7924SE-02 
.279328-02 
.234068-02 
.453-88-02 

-1 .050208*00 

-2.14921E-01 
-8 .168838-02 
-2 .328598-02 
-7 . (40428-04 
-7.3S687E-03 
-9.19084B-03 
-9.65926E-03 

7.78393E-0J 

024S9E-03 
,118758-02 
.10588B-02 
,281808-03 
.359621 33 
.13037E-03 
,984328-03 
.49761E-02 

1.339368-02 
4 .978208-04 

•7.161588-03 
•2.736258-03 
•1.200098-03 
-3.492628-04 
-7.431238-04 
4 .651158-03 

-3 .513238-03 
3.60C55B-03 
1.05223B-03 

-8 .72863E-04 
-3.4400/8-04 
-2.088O1E-O4 
-1 .577918-04 

2 .177768-03 

See appendix for Cnebyshev fit details. 
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He2* + H - > He+(2p) + H + 

Maxwellian — Maxwellian 

>-6 
10 C 1 1 I I I I 111 1 1 I I I M l | T 1—I I I I ILj 

• 

H Temp. 

(eV) 

A = 100. 

x —500. 

7 = 1000. 

* = 5 0 0 0 . 

© = 10000. 

O = 15000. 

j B = 20000. 

Recommended 
•Data 

Chebyshev Fit 
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B-100 

Electron Capture Rate Coefficients for 
B • He2* -> He+(2p) + B* 

Beam - Ranrellian Rate Coefficients ( ca 3 / s ) 

Be-" 
Teap. B Energy (eV/aaui) 
(eV) 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 1.28E-07 1.40E-07 S.91E-08 1.69E-08 5.97E-09 7.71E-10** 1.23E-10" 
2.0E+00 1.28E-07 1.40E-07 5.91E-08 1.C9E-03 5.98E-09 7.70E-10** 1.23B-10** 
4.08+00 1.28E-07 1.40E-07 5.91B-08 1.69E-08 5.98E-09 7.70E-10** 1.23E-10** 
7.0E+00 1.28E-07 1.39E-07 S.91E-08 1.69E-08 S.98E-09 7.71E-10** 1.23E-10** 
1.0E+01 1.29E-07 1.39E-07 5.90E-08 1.69E-08 5.98E-09 7.71B-10" 1.23B-10** 
2.0E+01 1.29E-07 1.39E-07 5.90E-08 1.69E-18 5.98E-09 7.7JE-10" 1.23E-10** 
4.0B+01 1.29E-07 1.39E-07 5.89E-08 1.69E-08 5.99B-09 7.71E-10" 1.23B-10" 
7.0E+01 1.29E-07 1.39E-07 5.69E-0B 1.69E-08 5.99E-09 7.72E-10* 1.23B-10** 
1.0E+02 1.29E-07 1.38E-07 S.88E-08 1.69E-08 6.00E-09 7.72B-10* 1.23E-10" 
2.0E+O2 1.29E-07 1.38E-07 5.88B-08 1.69E-08 6.02E-09 7.73B-10* 1.23B-10** 
4.0E+02 1.2BB-07 1.37E-07 S.87E-08 1.70B-08 6.05E-09 7.75E-10* 1.23B-10** 
7.0E+02 1.28E-07 1.36E-07 5.87E-08 1.71E-08 6.09E-09 7.77E-10* 1.23E-10" 
1.0E+03 1.28E-07 1.34E-07 5.87E-08 1.71E-08 6.14E-Q9 7.80E-10* 1.23P-10** 
2.0E+03 1.28B-07 1.3'.E-07 5.39B-08 1.74E-08 6.28E-09 7.88E-10* 1.23^-10** 
4.0E+03 1.26E-07 1.25E-07 5.93E-08 1.78E-08 6.53E-09 8.03E-10* 1.21E-10** 
7.0E+03 1.22E-07 1.18E-07 5.95E-08 1.85E-0B 6.88E-09 8.27E-10* 1.18B-10" 
1.0E+04 1.19E-07 1.13B-07 S.93E-08 1.92E-08 7.22E-09 8.52E-10* 1.14E-10** 
2.0E+04 1.10E-07 9.85E-08 5.73E-08 2.12E-08 8.38E-09 9.47E-10* 1.06B-10** 

Accuracy: • - Possible Error Greater Than 10% 
*• - Possible Error Greater Than 100% 

Notes: Fcr Cbebyshev f i t s of the above rate coefficient* i t i s necessary to use the following paraaetera. 
*.ir 1.0E+0C eV, Egj, - 2.0E+04 eV 

Chebvshev Pitting Paraaeters for Rate Coefficients 

Energy 
(eV/aau) AO Al A2 A3 A4 AS AC 

10000. -3.17882E+01 -4.92276E-02 -3.82539E-02 -2.43393E-02 -1.22728E-02 -4.5478SE-03 -7.79239B-04 
20000. -3.17232E+01 -1.30714E-01 -8.13104B-02 -4.04778E-02 -1.57809E-02 -3.98767B-03 3.36890E-05 
40000. -3.329S5E+01 -S.40047B-03 -1.9916«E-03 -4.45358E-03 -6.27891E-03 -5.14199E-03 -2.92410B-03 
70000. -3.57028E+01 8.02848B-02 5.54250E-02 3.03851E-02 1.33090B-02 4.49405E-03 7.72971E-04 
100000. -3.77338E+01 1.19799E-01 7.985S3E-02 4.24318E-02 1.81018B-02 6.30836E-03 2.00435E-03 
200000. -4.18916E+01 6.78830E-02 4.78977B-02 2.81S71E-02 1.45668E-02 C.26S34E-03 2.69138E-03 
500000. -4.56B71E+01 -4.63255E-02 -3.72726E-02 -2.4S372E-02 -1.26383E-02 -4.189S9E-03 7.18096E-04 

See appendix for Chebyshav fit details. 
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H + He - > He+(2p) + H+ 

Beam — Maxwellian 

H Energy 

(eV/omu) 

A = 10O0O. 

x — 20000. 

v =40000 . 

* =70000. 

® = 100000. 

» = 200000. 

D = 500000. 

Recommended 
Data 

Chebyshev Fit 

•JQ"'T—i i i mill i i inn i l i i i iui i l i IIIIIIII—M i 11 itiil 

io° io' IO 2 IO 5 io4 K? 
He2* Temp. (eV) 



Line Eaission Cross Sections of Electron Capture Collisions for 

He 2* • H -> He*(Ly«.Ly»,LyT,8«) • H* 

U y . ) ( t y t ) UrT> H .) 
Energy Cross s e c t i o n Energy Cross S e c t i o n Energy Cross S e c t i o n Energy Cross S e c t i o n 
ev/asm « 2 eV/aau ca2 eV/aau c . 2 eV/aaw ca2 

1.2E+03 2 . 6 8 E - K l.CE*93 6.37E-18 4.8E+03 2 .39B-1S 2.SB+03 1.99E-17 
1.5E+03 3.21E-16 2.2E+03 1.30E-17 5.QE+03 2.45E-1S 2.9E+03 2.03E-17 
2.2E+03 4.90E-16 2.9E+03 1.93E-17 5.7E+03 2 .75E-18 3.6B*03 2.36B-17 
2.9E+03 6.3SE-16 3.6E*03 2.1SE-17 6 .48*03 3.08E-1B 4.3E*03 2.73E-17 
3.6E+03 7.4*E-1C 4.3E*83 2 .32E-17 7.2E*03 3 .48E-18 5.0S*O3 3.17E-17 
4.38*03 S.30E-1C 5.08*03 2 .392-17 7.9B+03 3 .96E-18 5.7E+03 3 .70B-17 
S.OZ+03 S.S2E-16 S.7E+03 2.47B-17 t .SE+03 4.47E-1S 6.5E*03 4.22E-17 
5.7E+03 f . l l E - K 6.5E+03 2.S4E-17 9.1E*03 4.B9E-1S 7.2E+03 4.70E-17 
6.SE+03 9.31E-16 7.2E+03 2.64E-17 9.3E+03 S.08E-18 7.9E*03 5.03E-17 
7.2E+03 9.50E-16 7.9E*03 2 .75E-17 1.0E+04 S.B4E-1S S.6E+03 S.24E-17 
7.9E+03 9.S9E-16 S.6E*03 2 .87E-17 9.3E+03 S.3SE-17 
8.4E*03 9.73E-16 9.38*03 3.04E-17 1.0E+O4 S.40E-17 
9.3E*03 9.87E-1C 1.0E+04 3.24E-17 
1.0E*04 » .»1E-1( 

M f K K f f r " 3 

Accuracyt 30% 

Botest (1) Transition wavelengths are: Lyman-* - (2p->ls) 30.4 na; Lyaan-B - (3p->ls> 25.6 na; 
Lyaan-T - (4p->ls) 24.3 na; Baiaer-« - (n-3->2) 164 na. 
(2) The Balaer-l eaission cannot be measured since the transition has the sane wave 
length as the Lyman-« radiation. 

rot Cbebyshev fits of the above cross sections it is necessary to use the following paraaeters. 

ay.) E „ i n • 1.2E*03 eV/aau, 1 ^ , - 1.0E+04 eV/aau 

ay,) Enin • 1.6E*03 eV/aau, tmMX - 1.0E*04 eV/aau 

ayt> E , i n - 4.8E+0J cV/aau, ( , „ • 1.0B*04 eV/aau 
(B.) E „ l n • 2.8E*03 eV/aau, ( „ , • 1.0E+04 eV/aeu 

Chebvshev r i t t i n a Parameters for Cross S e c t i o n s 

AO Al A2 A3 A4 AS A6 A7 AS 

<ty.) -70 .0765 .658545 - . 176878 - .00575199 .0163374 .00346973 - .00221833 - .00217295 -4 .61964E-04 
a y , j -77 .0977 .692364 - .245444 .142376 - .00794442 - . 0 1 1 9 4 1 2 .0163687 - .00929968 .00446139 
ay T > -80 ,3639 .441465 .0512890 .00405517 9.45294E-04 .00161819 .001824(2 -4 .78184E-04 -6 .34056E-04 

«».) •75 .8681 .546644 - . 0142448 - .0516937 - . 0137147 .00553121 .00525928 - .00130955 9.09970E-05 

The fit represents tbe (Ly.) cross section with an ras deviation of 0.1%. 
The aaiiaua deviation is 0.2* at 7.98*03 eV/aau. 
Tbe fit represent* tbe (Lyt) cross section with an ras deviation of 0.21. 
The aaziaua deviation is 0.3% at 8.68*03 eV/aau. 
Tbe fit represent* tbe (LyT) cross section with an ras deviation of 0.1%. 
The aaiiaua deviation is 0.2% at 8.68*03 ev/aau. 
Tbe fit represent* the (H#) cross section with an ras deviation of 0.1%. 
The aaxiaua deviation is 0.2% at 6.48*03 eV/aau. 

Bee appendix for Chebyshev fit detail*. 
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He2 + + H - > He+(Lya Ly,, Lyy> H.) + H+ 

Cross Section vs. Energy 
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S-IC4 

Electron Capture Cross Sections for 

He 2* • B -> He*(3p,3s«3d,4p) • B* 

<3p) (3s+3d) <4p) 
Energy Cross Section Energy Cross Section Energy Cross Section 
eV/amu cm 2 eV/amu C B 2 eV/aau en 2 

l.CE+03 7 .71E-10 2.5E«03 1.7EE-17 S.OE+03 2 .49E-10 
2.0E*03 1 .4 tE-17 3.0E403 1.07E-17 5.5E+03 2 .73B-10 
2.5E+03 2 .09E-1? 3.SP4B3 2.01E-17 *.0B*«3 2.99E-1B 
3.0E+03 2 .40E-17 4.0E+O3 2.23E-17 7.0E+03 3.5CE-10 
3.SE+03 2.C3E-17 4.SE+03 2 .51E-17 *.0E««3 4.22E-10 
4.0E+03 2 .03E-17 5.0E+03 2.01E-17 9.0E+03 4.96C-10 
4.5E+03 2 .97E-17 C.0E*O3 3.4»E-17 1.0E+04 6.03E-1C 
5.5E*03 3 .20E-17 7.CE+03 4 .1SE-I7 
C.0E««3 3 .25E-17 S.OE+03 4.»3E-17 
7.0E+03 3 .43E-17 9.0E+03 4.09E-17 
0.0E+O3 3 .57E-17 1.0E*04 4.»7E-17 
9.0E+O3 3.07E-17 
1.0E+04 3 .74E-17 

Eeferencess 172, 173 

Accuracy! 30% 

Botes» (1) The 3s and 3d states could not be determined separately due to the degeneracy of 
states in Be*. 
(2) Capture into the ground state is negligible at low energies for s B target. 
(3) The cross section («j) for capture into state i is determined by measuring the 
emission cross section («ij) for a transition from state i to j, correcting for any 
branching from state i and correcting for cascading from uppwr states. 

ror Chebyshev fits of the above cross sections it is necessary to use the following parameter*. 

( 3 D > "min " ! • « • « eV/amu, Eg,, • 1.0E+04 eV/amu 
<3s+3d) E „ i n - 2.5E+03 eV/amu, t u t % - 1.0E+04 eV/amu 
l * D ) ^ln " * - 0 E > ° 3 tv/amu, E,,, - 1.0E+04 eV/amu 

Chebyshev fitting Parameter* for Cross Sections 
A0 Al A2 A3 A4 AS A« A7 As 

(3p) -74.MS* .447773 -.25712$ .115045 -.0494129 .0142(15 9.019991-04 -.0074(439 .00421194 
(3s*3d) -76.134* .575*24 .0291040 -.0715710 -.J13319b .00539953 -.00104(95 .00177347 -.00137059 
(4p) -00.2(50 .432003 .0341794 .00725015 .004(9173 .0029(970 .00103023 

The fit represents the (3p) cross section with an rms Jeviation of 0.1%. 
The maximum deviation is 0.3« at 4.5E+01 eV/amu. 
The fit represents the (3s*3d) c>oss section with an cos deviation of O.lt. 
The maximum deviation is 0.1% at 4.0E+03 SV/SEU. 
The fit represents the (4p) cross section with an rms deviation of 0.0%. 
The maximum deviation is 0.0% 

See appendix for Chebyshev fit details. 
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He2* + H - > He*(3p,3s+3d,4p) + H* 

Cross Section vs. Energy 
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B - I 0 6 

Electron Capture Cross S e c t i o n s for 

B e 2 * • H 2 -> Be*(2s,2p) 

Be*{2p) 
Energy Cross S e c t i o n 
c V / a n c a 2 

1.2E*03 
1.5E+03 
2.0E403 
3.0E+03 
4.0E+O3 
S.OE+03 
7.0E+O3 
9.0E+O3 
1.0E+04 

4.90E-17 
5.94E-17 
8.22E-17 
1.35E-16 
2.15E-1C 
3.16E-1C 
4.79E-16 
6.18E-16 
7.0BE-16 

Be' *(2«) 
Energy Cross Sect ion 
eV/aau c . 2 

2.0E+03 7.ME-1B 
3.0E+03 1.97E-17 
4.0B+O3 3.33B-17 
5.0E+03 4.5CE-17 
S.5E+03 5.12E-17 
C.08*»3 S.76E-17 
7.0E*C3 7.4CB-17 
7.SE+03 8.8CE-17 
8.0E*O3 9.S8E-17 
9.0E+03 1.17E-16 
1.0E*04 1.28E-16 
1.5E+04 1.37E-16 

Beferencesi Be*(2s> - 5 6 , 1«5 , 177; Be*(2p) - 172 , 173 

Accuracy; Be*(2s) - 60 t j Be*(2p) - 30% 

For Chebysbev f i t s of the above c r o s s s e c t i o n s i t i s necessary t o use the fo l l owing parameters . 

Be*(2p) E . i n - 1.2B+03 eV/aau, E , , , - 1.0E+04 W/a»u 
Be*(2s) E^j,, - 2.0E+03 cV/aau, E M S - 2.0E+O4 eV/aau 

AO 

Chebvshev Pitting Parassters for Cross Sections 

Al A2 A3 A4 A5 A* A7 At 

Be*(2p) -72.5057 1.39004 .0296375 -.0736032 -.0100517 .0209333 .0217835 -.00206200 -.00793171 
Be*(2s) -75.1849 1.42417 '.425662 -.0917408 -.0265286 .0447348 .0526597 

The fit represents the Be*(2p) cross section with an tms deviation of O.Ot. 
The •a*i«ms deviation is O.Ot 

The fit represent* the Be*(2s) cross section with an rss deviation of 2.4%. 
The MxinuB deviation is 4.6t at J.3E+04 eV/«nu. 

See appendix for Chebyahev fit details. 
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He2* + H - > He*(2s, 2p) 

Cross Section vs. Energy 
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B-108 

Lie* EBisalca Cross Soctioas of Electros Captor* Collisions (or 

E* 2* * B 2 -> B<*Ui«.Lyi.t.y1,s,> 

t y . •« **» «*T 
(Bora* Cross Sect ion Enerey Cross Ssci ioB Eostsr Cross Sect ion n w r o r Cross Sect] 
•V/OBU c . 2 •V/ssn «* **/**» csr c v / s s o c * 

1.3C+41 «.I2C-17 2 . S S T 0 3 • .44E-1I l.TE*03 1.77E-1E S.4E»4) 4.43E-1* 
I.SE*03 S.C2E-17 2.»E«41 7.44E-I0 2 . 2 C 4 3 2.SZE-M 5.7E»03 7.30E-1* 
2.2E*03 •-21E-17 3 .SO03 » .<3E- l t 2.*E*03 3.7SE-1* 4 . S O 0 3 1.ISC-14 
2.fE«03 1.17E-1* 4.3C»43 3.1W-X7 3.0EO3 5 .1M-10 7.2E«03 I.77E-14 
3.<E«03 I . M E - l f 5.0E*43 1.44E-17 4.3E*03 «.»4C-1* 7.SE*03 2 .32S-I* 
4.3E«03 2.30E-I* S.7E«03 1.7SE-17 5.0S*93 * . 7 » t - 1 0 a.«E*«) 2.ME-1S 
S.OE*O3 3.2SE-1* f.4E*01 2.10E-17 5.7E»*1 l . M E - 1 7 9.3E*01 2.ME-1C 
S.7E+03 3.94E-XC 7.2E*43 2.401-17 C.4E*03 1.24E-17 1.41*44 3.15E-10 
C.SE«03 4.SSE-IC 7.SE+43 2 .0M-17 7.2E*03 1.42S-17 
7.2E+03 5.24E-1C 4.CE+43 3.23E-17 7.»E**3 1.51S-17 
7.9C««3 O.ME-K ».1E*»J 1.45E-VJ >.(E««3 l.SSB-17 
O.<E*OI 4.S4E-1C 1.0E*04 3.CSE-17 *.3E**3 l .ME -17 
».3E*03 7.34E-1* 1.0E*S4 1.S2E-17 
1.0E*«4 I .ME-IC 

•etoraacest 173 

Aceeracv; 30% 

Sotat: 1) Trsssltioo Mveleagths sra: Lyman-• (2p->ls) 39.4 no? Lyase-f I3p->ls) 2S.C aa; 
yaan-r (4p->ls) 24.3 aai Balatr-e (*•• s-3->2) 1C4 as. 
(2) The Mlaer-f radiation caanct be aeesarad slac* the trass it ion has tits seas wave 
length as the Lyman-* radiation. 

for ' bebyshev (its of tb* above cross tactions it is necessary to as* tha follow!*? psrsaotora. 

ar.) « e i « - 1.3E*03 *V/aaw, • M I ' l.«E*04 SV/SBB 
CO.) • a i o * 2.51*43 eV/aaw, «**»* 1.0t*C4 aV/aso 
(Lys) « . i o - 1.7E*«3 eV/aav, * » a » - 1.04*44 eV/eau 

(ty T> «•!«" 5.0E»01 tV/asw, « a a s - 1.44*04 ev/eau 

Chebvthev fittiae rSrasatars for Cross Sections 

AC Al A2 A3 A4 AS A4 A7 At 

(ty.) -72.30*2 1.45574 .0140540 -.0435417 .0070*147 .003455*4 .013*342 -.004**744 -.40272244 
(1.1 -77.4504 .4C4442 .027*733 -.0253175 -.02(0277 -.0**1001* .0043(001 -.002542*2 .00325044 

-7*.3500 1.17*75 -.114050 -.97*CS»» -.0340000 -.0102*77 .0150173 -.0123(5* .011*010 
-02.173* .*51(*» -.12*724 -.044*4*2 .0127445 .0372320 -.025**12 .04533414 <Mr f> 

The fit represeata tha Ly. crosa eoctien with an I U (aviation of 
lb* asilaua deviation is 0.(4 at 3.41*03 *V/aett. 

C.3*. 

The fit represents IU •. cross section with an ras (aviation of ft.lt. 
Tha aatisua (aviation it 0.2% at 7.14*03 eV/asu. 

Tha fit repraeentt tr.a Ly* croaa •action with »n rss (aviation of 0.44. 
Tha aealeue (aviation it 0.7% at t.4t>0) eV/asu. 

Tha fit rapcasentt th* fcyT croat taction with an roa (aviation of 0.0%. 
Tha maiisbs davlation it 0.01. 
(at appendH for Chebyahav fit datailt. 

http://ft.lt
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tf-iiO 

Electron Captare Cross Stctieos for 

•a 2* • 1 2 -> •e*(3p,3a«3d,«p) 

I3p; . (3«*3d| <4p) 
energy Croas Sactioo Energy Cross Section Energy Cross Scctioa 
eV/aa* cm2 cY/aav ca 2 eV/aau ca 2 

2.S£«03 4 .74E-14 1.9E+43 1 .94E-1I 5.0E«*3 5 .74E-19 
3.0E+43 7.0SE-14 2.3E»«3 2 .44E-14 S.tE+43 9 .10E-19 
3.SE*43 t . 2 « e - u 1.4E*«3 4 . 5 9 E - M 4 . t t * 0 3 1 .19E-14 
4.1E*43 1 .I7E-17 3-5**03 4 .14C-14 7.3E««3 2 .10E-14 
S.OE-HU 1.4SC-17 4.3E+43 7 .72E-14 (.OE>01 2.S2E-1E 
S.«C*43 1.75E-17 S.OE+43 9 .54E-14 • .SB*«3 3 .34E-18 
« . s e « « 3 2.0SB-17 S.SE+03 1 .17E-17 9.3E+43 3 .64E-1S 
7.3K«03 2.3SE-17 t .SE+03 l . l . S - 1 7 1.0E+44 3.E4E-1E 
• . e e * « 3 2 .4SS-17 7.3E+43 1.S4E-17 
» . » » 0 3 2 .94E-17 « . o e * e 3 l . M E - 1 7 
9.3E**3 3.2SE-17 t .SE*43 1 .75E-17 
1.4!>a-t 3.S4B-17 9.3E+03 

l.OE+04 
1.74E-17 
1.71E-17 

aeferencea; 173 

accuracy: 34* 

botec: (1) Tha 3a sad 3d statas coold not be deteraiaed separately due to tbc degeneracy of 
s t a t e s la Be*. 
(2) Tbe cross section for capture iato s ta te i i s determined by measuring the eaist ion 
cross section l* i j ) t o ' • transition frost s tate i t o ) , correcting for any branding 
froa state i and correcting for cascading froa upper s t a t e s . 

Par Chcbysbaw f i ta of tbe above cross sect ions i t i s necessary to oae tbe following paraaeters. 

OP) ««in " 2.SE*03 eV/aao, t a M t • 1.0E+04 eV/aau 
(3s*3d) E . ^ - l.*E*03 eV/aau, E „ , • 1.0E*04 eV/aau 
(4p) E , ^ • 5.M+03 eV/aau, E , , , • 1.0E+04 eV/aau 

CbobrsboT Pitt ing faraactora for Cross Sections 

Ml A l A2 A3 A4 AS A t A7 A t 

(lp) -77.5114 .4773*4 .023(1*1 -.0130»3C .011*134 -.00(4*425 .004(7714 -.00553227 .0023491* 
(l**3d> -71.9402 1.1025* -.144412 -.0121453 -.0547272 -.00713119 .00919713 4.10417E-04 -.0040*43* 
(4p) -El.41(7 .994271 -.145943 -.0404542 .01)1742 .0174494 -.00474599 -.00103524 

The f i t represents the 3p cross sactioo vi tb an raa deviation of 0.14. 
Tbe aaiiaua deviation i s 0.11 at 7.9E*03 eV/aau. 

The f i t represents tbe 3s*3d cross section with an ras deviation of 0.2*. 
The N I l a v a deviation i s 0.44 at *.(E*03 ev/eau. 

Tbe f i t represents the 4p cross section vlth an raa deviation of CO*. 
The aaiiaua deviation i s 0.04. 

tee appendix for Chebyshev f i t detai l* . 
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Electron Capture Cress Sections for 
Be 2* • Be -> Be*(2s) • He* 

8nergy Velocity Cross Section 
(eV/aau) (cs/s) (ca2) 

2.0E+03 6.21E+07 2.79E-18 
3.0E+03 7.61E+07 3.30E-18 
4.0E+03 8.73B+07 4.04E-18 
5.0E+03 9.82E+07 5.32E-18 
7.0E+03 1.16E+08 9.18E-18 
9.0E+03 1.32E+08 1.37E-17 
1.0E+04 1.39E+08 1.62E-17 
1.5E+04 1.708*08 3.04E-17 
2.0E+04 1.96E+08 3.75B-17 
2.5E+04 2.20E+0* 3.90E-17 
3.0E+04 2.41E+08 3.84B-17 
4.0E+04 2.78L+08 3.3CE-17 
C.0B+04 3.40E+9* 2.21B-17 
8.0E+04 3.93E+08 1.40E-17 
1.0E+05 4.39E+&8 8.65E-1S 
1.5E+05 5.38E+08 2.83E-1S 
2.0E+05 (.21E+Q8 1.26R-18 
2.5E+05 (.94E+08 6.87E-19 
3.0E+0S 7.CE+08 4.10E-19 
4.0E+05 8.78E+08 1.7SE-19 
4.7E+05 9.52E»08 1.27B-19 

Referencesi 56, 145, 177, 178, 179, 180, 181, 182 

Accuracy; E < 2x10* eV/aau - SOt; E > 2x10* eV/a»u - unknown 

Motesi (1) Experimental data (ref. 56, 145, 177) extends only to 2x10* eV/axui. In tbe energy 
region of overlap (7xl03 eV/aau-2xlQ* eV/aau) between experimental data and theoretical 
data (ref. 178, 180, 181) tbe theoretical data is greater than experimental by 1.5-2.5 
orders of Magnitude. Data above 2x10* eV/aau should oe used with caution. 
(2) Wo experiaental data exists for Be 2* • Be -> Be*(2p). 

For a Chebyshev fit of the above cross sections it it necessary to use tbe following paraaeters. 
B„ i n - 2.0E+03 eV/astu, tmMS - 4.7E+05 eV/aau 

Chebvahev fitting Para—tets for Cross Sections 

AC Al A2 A3 A4 A5 At A7 A8 
-80.4752 -1.31324 -2.07504 -.2818(5 .383911 5.87536E-03 -.0220039 .0340012 -.02(2370 

The fit represents the above cross sections with an ras deviation of 2.7%. 
The iMXiausi deviation is 5.(1 at 4.0E+05 eV/aau. 
See appendix for Chebyshev fit details. 
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Electron Capture Rate C o e f f i c i e n t s for 
He 2 * + Be -> He*(2s) . _* 

Haxvel l ian - Maxwellian Rate C o e f f i c i e n t s ( cm 3 / s ) 

He'* 
Teap. Equal He Teap. (eV) 
(eV) Te*>p. 500 . 1000. 2000. 4000. 7000 . 10000. 23000. 

7.0E+02 I .96E-12 7.88E-13 5.12E-12 2.78E-11 1.11E-10 3.08E-10 S.88E-10 1.84E-09 
1.0E+03 1.01E-11 2.81E-12 1.01E-11 3.76E-11 1.27E-10 3.32E-10 6.20E-10 1.88E-09 
2.0E+03 7.73E-11 2.20E-11 3.76E-11 7.73E-11 1.86E-10 4.20E-10 7.31E-10 2.02E-09 
4.0E+03 3.32E-10 1.01E-10 1.27E-10 1.86E-10 3.32E-10 6.20E-10 9.70E-10 2.28E-09 
7.0E+03 9.70E-10 2.92E-10 3.32E-10 4.20E-10 6.20E-10 9.70E-10 1.35E-09 2.65E-09 
1.0E+04 1.75E-09 5.67E-10 6.20E-10 7.31E-10 9.70E-10 1.35E-09 1.75E-09 3.01E-09 
2.0E+04 4.01E-09 1.82E-09 1.88E-09 2.02E-09 2.28E-09 2.65E-09 3.01E-09 4.01E-09 

Notes: For Chebyshev f i t s o f the above rate c o e f f i c i e n t s i t i s necessary t o use the fo l lowing paraaete 

^ i r 7.0E+02 eV, E, , , , » 2.0E+04 eV 

Chebvshev F i t t i n g Parameters for Rate C o e f f i c i e n t e 
Be 

Teap. 
(eVJ AO Al A2 A3 A4 A5 A6 

500. -4.71093E*01 3.78408E+00 -4.2S226E-01 1.09485E-01 -1 .88308E-02 -2 .18471E-02 1.64914E-03 
1000. -4.59288E+01 2.96506E+00 -6.94375E-02 4.01519E-03 -9 .10887E-03 -1.53339E-C2 -4.97257E-04 
2000. -4.46311E-MU 2.18675E+00 1.67647E-01 -3.86105E-02 -1 .57224E-02 -6 .51960E-03 -3.71278E-04 
4000. -4.32631E+01 1.54495E+00 2.39004E-01 -3.13418E-02 -1 .96927E-02 -2 .77831E-03 6.46638E-04 
7000. -4.20414E+01 1.09232E+00 2.10178E-01 -1.36333E-02 -1 .49539E-02 -2.16792E-03 5.39745E-04 

10000. -4.12037E»01 8.21778E-01 1.74596E-01 -3.48824E-03 -1 .10046E-02 -2 .36544E-03 -2.58516E-04 
20000. -3.96301E+0) 3.84302E-01 9.69796E-02 5.67825E-03 -3.92022E-03 -1.53584E-03 -5.16122E-04 

Equal Teap. -4.49085E+01 3.65780E+00 -6.02220E-01 1.33794E-01 -9.85265E-02 2.12708E-02 8.09123E-Oi 

See appendix for Chebyshev f i t d e t a i l s . 
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He2 + + He - > He+(2s) + He* 

Maxweilian — Maxwellian 
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Electron Capture Rate Coefficients for 
He • He2* -> Be*(2s) • He+ 

Beast - Haxvellian Rate Coefficients (ca^/s) 

He*' 
Tea?. He Energy (eV/aau) 
(eV) 10000. 20000. 0000. 60000. 80000. 100000. 200000. 

1.0E+00 2.2SE-09 7.35E-09 9.33E-09 7.51E-09 5.50E-09* 3.B0E-09* 7 . B 3 E - 1 0 " 
2.0E+00 2.2SE-09 7.36E-09 9.32E-09 7.51E-09 5.50E-09* 3.80E-09* 7.83E-10** 
4.0E+00 2.25E-09 7.35E-09 9.32E-09 7.51E-09 5.49E-09* 3.80E-09* 7.83B-10** 
7.0E+00 2.25E-09 7.35E-09 9.31E-09 7.S1E-09 5.49E-09 3.79E-09* 7.83E-10** 
1.0E+01 2.2SE-09 7.34E-09 9.31E-09 7.50E-09 5.49E-09 3.79E-09* 7 . 8 3 E - 1 0 " 
2.0E+01 2.26E-09 7.33E-09 9.30E-09 7.50E-09 5.49E-09 3.79E-09* 7.83E-10** 
4.0E+01 2.2CE-09 7.32E-09 9.29E-09 7.49E-09 S.48E-09 3.79E-09* 7.83E-10»« 
7.0E+01 2.27E-09 7.31E-09 9.27E-09 7.48E-09 S.48E-09 3.78E-09* 7 . 8 3 E - 1 0 " 
1.0E+02 2.28E-09 7.30E-09 9.26E-09 7.47E-09 S.47E-09 3.78E-09 7.83E-10* 
2.0E+02 2.31B-09 7.28E-09 9.23E-09 7.45E-09 5.46E-09 3.78E-09 7.84E-10* 
4.0E+02 2.37E-09 7.26E-09 9.19E-09 7.43E-09 5.45E-09 3.77E-09 7.85E-10* 
7.0E+02 2.45E-09 7.23E-09 9.14E-09 7.40E-09 S.43E-09 3.76E-09 7.87E-10* 
1.0E+03 2.S4E-09 7.22E-09 9.10E-09 7.38E-09 5.42E-09 3.76E-09 7.88E-10* 
2.0E+03 2.79E-09 7.17E-09 8.99E-09 7.32E-09 S.40E-09 3.76E-09 7.93B-10* 
4.0E+03 3.20E-09 7.11E-09 8.81E-09 7.23E-09 S.36E-09 3.76E-09 8.02E-10* 
7.0E+03 3.68E-09 7.05E-09 8.57E-09 7.11E-09 5.31E-09 3.77E-09 » .158-10* 
1.0E+04 4.06E-09 7.01E-09 8.35E-09 6.98E-09 5.25E-09 3.77E-09 8.29E-10* 
2.0E+04 4.94E-09 6.91B-09 7.72E-09 6.58E-09 S.08E-09 3.75E-09 B.76E-10* 

Accuracy: * - Possible Error Greater than 10% 
** - Possible Error Crcater Than 1004 

Notes: For Cheuyshev f i t s of the above rate coeff icients i t i s necessary to use the following parameters 
**!« l.OE+OQ eV, 2.0E+04 eV 

Chebvshev Pitting Parameters for Rate Coefficients 
Be 

Energy 
(ev/aau) hO fcl A2 A3 M hi A6 

10000. -3.94248E+01 3.34599E-01 1.94015E-01 6.86806E-02 4.9J694E-03 -9.99564E-03 -6.10649E-03 
20000. -3.74937E+01 -2.78645E-02 -1.11501E-02 -3 .09862E-0* -9 .33585E-04 8.71220E-06 1.09550E--04 
40000. -3.706488*01 -6.95474B-02 -4.17914E-02 -2 .13044E-02 -9 .81107E-03 -3.95679E-03 -1.20270E-03 
60000. -3.74705E+01 -4.74430E-02 -2.81261E-02 -1 .48208E-02 -7 .60963E-03 -3.68669E-03 -1.S6303E-03 
80000. -3.80745E+01 -2.90089E-02 -1.58763E-02 -8.002S6E-03 -4 .24777E-03 -2 .176J7E-01 -8.77601E-04 

100000. -3.87379E+01 -5.76796E-03 1.27600E-04 8.95128E-04 -2.39349E-04 -7.73294B-04 -5.69452E-04 
200000. -4.18939E+01 3.77781E-02 2.64380E-02 1.53165E-02 7.526S9K-03 3.09706E-03 1.14409E-03 

See appendix for Chebyshev f i t de ta i l s . 
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Electron Capture Cross Sections for 

Be 2' • Li -> Be*(2p.3p,4p,3s*3d,4s*4d) • Li 4 

I2p) (3p) <4p) (3s+3d> (4s*4d) 
Energy Cross section Energy Cross Section Energy Cross Section Energy Cress Section Energy Cross Section 
eV/aau eV/a ev/a eV/a eV/anu 

1.1E+04 3 .70E-16 S.6E+02 4.96E-1S 1.3E+03 2.99E-1C 3.8E+63 6.02E-1S 3.BE403 9 .77E-16 
l .SE+04 2.71E-14 7.1E+Q2 4.SCE-1S l .SE+03 3 .54E-1* S.OB+03 5 . 3 1 E - ' j S.0E*«3 1 .39E-15 
2.0E*«4 1.97E-16 9.1E*02 4.20E-15 2.0E*«a 4.29B-1C 7.0E*O3 4.17E-1S t.01*43 1.S1E-I5 
3.0E+04 1.15E-16 1.5E+03 3.5SE-15 3.0E+03 5.30B-16 1.0E+U4 2.C4E-1S 7.0E+O} 1.SOB-IS 
3.8E+04 S.90E-17 2.0E«03 3 .23E-15 4.0E*O3 6.06E-16 l .SB+04 9.31E-16 1.0E+04 1.2BE-1S 

3.0B+O3 2.82E-1S 6.0E+O3 7.51E-16 2.0E+04 3 .60E-16 l .SE«04 6 .27E-16 
S.OE+03 2.24E-1S 7.0E+03 S.00E-16 2.5E*04 1.S0E-16 2.OE+04 3.3BE-14 
7.0E+03 l .C»E-15 E.6C+03 S-36E-16 3.QE+04 7.39E-17 2.SE+04 1 . 8 9 E - U 
1.0E+04 9.S0E-1C 1.0E+04 7.94B-16 3.8E+04 2 .19E-17 3.0B«<4 1.1BE-16 
1.5E+04 
2.0E+O4 
2.SEH14 
3.0E+C4 
3.2E+04 

3.S3E-1C 
1.45E-1C 
5.49E-17 
1 .77B-17 
1 . 0 U - 1 7 

l .SC+04 
2.0E+04 
2.3E+04 
3.0E+O4 
3.SE+04 

4.72E-14 
2.34E-1C 
9.B9E-17 
4.39E-17 
1.44E-17 

3.7E+04 C.SOE-17 

Kefereacess 2 4 1 , 2< 13, 2 4 5 , 259 , 2 * 2 , 2 6 3 , 244 

Accuracy : unknown 

13, 2 4 5 , 259 , 2 * 2 , 2 6 3 , 244 

(1) Cross sections into excited states are detemined by Measuring tbe eaission fron tbe 
state and subtracting cascade transitions from higher states and aaking corrections for 
tbe branching ratios. 
12) It I* believed that tbe data are accurate to within (0%. 
(3) References 2(3 and 2C4 contain theoretical data that were not included in coapiling 
tbe present data. 

ror Caefcysbev fits of toe above cross sections it is necessary to use tbe following paraaeterc. 

(2p) E , l n - 1.1E+04 eV/aau , 
(3p) ' • i n " 5 - t t * 0 2 eV/anu, 
(4p) E . l n • 1.3E+03 e v / a a u . 
(3s+3d) E . l n • 3.8E+03 eV/aau. 

(2p) 
<Sp> 
<4p> 
(3s*3d) 
(4s*4d) 

E M S 

3.8E+04 eV/anu 
3.2E+04 eV/aau 
3.6E+04 eV/aau 
3.6E+04 eV/aau 

(4s*4d) E , l n - 3.6E+03 eV/asu, Zmtx • 3.7E*04 eV/aau 
Chebvshev Fitting Paraneters for Cross Sections 

A0 
-72.S77S 
-69.3960 
-71.9553 
-69.5344 
-70.4841 

Al 
-.154328 
-2.53344 
-1.U550 
-2.77071 
-1.4*194 

A2 
-.132073 
-1.15152 
-1.24(10 
-.724373 
-.46(429 

A3 
-.0436576 
-.47770* 
-.417040 
-.0299068 
.0919477 

A4 
-.0301663 
-.10*M91 
-.0333091 
.0383153 

AS 

-.0224733 
.0122485 
-.0274998 

A6 A7 AS 

.0166453 -.00399733 

-.0359260 -.0364469 -.0124596 
.0141456 .00155260 .00117940 
-.0511074 .0199350 -.0445182 
-.0199710 .0194456 -.00464478 

The fit represents the above cross sections with an (ns deviation of O.Ot. 
The aaxiaua deviation is O.Ot. 
The fit represents tbe above cross section* with an rns deviation of 0.64. 
The aaxlaua deviation is l.SI at 3.0E+04 eV/aau. 
Tbe fit represents the above cross section* with an rns deviation of 1.2%. 
The aaxiaua deviation is 2.7| at 1.5E+04 eV/anu. 
The fit represents the above cross sections with an rata deviation of O.Ot. 
The aaxiaun deviation is O.Ot. 
The fit represents the above cross sections with an rna deviation of 1.1%. 
The Miiaun deviation is 1.7t at 7.0E+01 eV/aau. 

see appends for Chebyahev fit details. 
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R-150 

Lin* Eaission Ctoaa Sections of Elactcoo Capture Collisiona for 

Be 2* • Li -> Be*Uy«,Lys,LyTl • Li* 

U y . ) «*»> • t y T ) 
Energy Crocs S e c t i o n Energy Crosa S e c t i o n Energy Cross S e c t i o n 
av /aaa e . 2 eV/eaa c a * eV/eau « ' 

B . l t - 0 1 4 .72E-14 • - 3 E - 0 1 3 .71E-14 1.3E403 2 .5SE-1* 
1.0E+00 4 . 4 3 E - K 1-0E+00 4.42E-1S 1.5E*03 3 .01E-14 
1.5E+00 5 . 5 3 E - 1 * 1.5E+00 4.23E-1C 2.0E+03 3 . 7 7 E - 1 * 
2.0E*aO 7.30E-16 2.0E+00 7.7EE-1C 3.0E«03 4.C9E-1C 
2.5E**0 9.40E-1C 3.0E+00 • • •3E-1C 4.0E+O3 S.31E-1S 
3.*E+<0 1 .12E-IS 4.0E+00 I . 42E-14 4.6E+03 4.2SE-14 
4.0E+00 1.2CE-1S 5.0E+00 7 . 4 5 E - 1 * *.0E«03 4 .89E-14 
4 . O E + « O 1.21E-15 &.0E+OO 7.02E-14 9.IE+03 C.94E-IC 
*.OE*00 1.21E-15 E.OE««« S . 9 9 E - K 1.0E+04 4 .74E-14 
I.OE+vl 1 .13E-15 1.0E+01 S .32E-1* 1.5B+94 4.0CE-1* 
I.3E*«I 1 .04E-15 1.4E+01 4 .43E-16 2.0E*«4 2 . 0 2 E - U 
5.4E+42 7 .23E-15 S.4E+02 4 . M E - 1 5 2.SE+04 E . i l E - 1 7 
8.0E*02 7.3SE-1S ?.*E«02 4 .04E-15 3.0E+04 4.00E-17 
1.0E+03 7.30E-1S 9.0E+02 3 .59E-1S 3.5E+Q4 1 . 9 K - 1 7 
1.5E*03 7 .31E-15 9.9E+02 3 .42E-1S 
2.0E*03 7 .27E-15 l .SE««3 2 .93E-15 
3.0E+O3 7 .07E-15 2.0E+C3 2 .75E-15 
5.0E+0S S.77E-15 3.0E+O3 2 .97E-1S 
C.9E*03 S.C7E-IS 4.0E+03 2.43E-1S 
1.0E+04 4 .18E-15 S.OE+03 2.S1E-15 
l .SE+04 2 .04E-15 7.0X403 2 .03E-15 
2.0E*04 1.00E-1S 9.0E+03 1.49E-15 
3.0E+04 3 . 3 9 E - M 1.0E+04 1.29E-1S 
3.*E+04 1.79E-1C l .SE+04 

2.0E+04 
3.0E+04 
3.SE+C4 

S.97E-1C 
3 . 0 2 E - 1 * 
4 .52E-17 
2 .20E-17 

Eefsreoces: 240, 243, 245, 2S9, 242 

Accuracy; unknown 

•otes: (1) On purpoee, no attempt baa been aade to extrapolate the data between the low ..ad high 
energy regions. 
(2) The eaisaion croaa section ia defined aa tba photon eaiaslon froa atatc nl with no 
correction for cascading froa higher states. 

for Cbefeyshev fita of tba above croaa sections it is neceasary to use the following parameters. 

(Ly«) ^.m - a . l E - 0 1 eV/aau. E . , , • 3.*E*04 eV/aau 
(Lyi) ^ain * I . 3 E - 0 1 e v / a a u . e M x " 3.»t*04 aV/aau 
«*T> *nin " 1.3E+03 eV/aau, Epj,, • 3.4E+04 eV/aau 

Chebvsnev fitting Parameters for Crosa Sections 

Aw At A2 A3 A4 
(Ly.l -41.3492 .342390 -1.2947* -.902770 -.377244 
(Lya) -49.9156 -.379101 -1.4*217 -1.03*93 -.3(0773 
(LyT) -72.23«« -1.1*994 -1.2543* -.404927 -.0551144 

AS A* A7 A* 
.0373709 - , 0 7 5 * 1 ) * - . 0 9 0 ( 4 5 9 .1*2**2 
.04 )4*42 - , 3 3 0 3 * 2 - . 0 6 0 4 0 3 ) .195*31 

.0691594 .0107*03 - .0171457 - . 01034! 

The fit rspresente tba (Ly,) cross section with an raa deviation of 3.31. 
The aeilaua deviation ia (.3* at 2.0E*00 aV/aau. 
The fit represents the U y § ) croas section with an ras deviation of 4.(4, 
Tba aexiaua deviation ia 7.)t at 1.4E+01 ev/aau. 
Tba fit rapreaanta the (lyT) cross section with an ras deviation of J.41. 
Tba aeiiaua deviation is 2.74 at 1.5l>04 aV/anu. 

See append1» for Chebyehev fit detsila. 
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B-122 

Line EBission Cross Sections of Electron Capture Coll is ions for 

Be 2* • Li -> Se*(H..8j,•,.&») • Li* 

(B.) (Ba) («,) (•*) 
Energy Cross S e c t i o n Energy Cross S e c t i o n Energy Cross S e c t i o n Energy Cross S e c t i 
eV/aan c . 2 eV/u iu c . 2 eV/aaa c . 2 e v / « w « 2 

3.9E««3 9.19E-1S 3.*E*03 7 .*7E-I6 S.OE+03 2 .26E-16 5.0E+03 1.19E-16 
S. lE+03 • . 0 3 E - 1 5 S.1E+03 1.0SE-15 6.GE+03 3 .19E-16 6 . o e » o i 1 .24E-14 
6.1E+03 7 .23E-15 6.0E*03 1.1CE-15 7 .16*03 3 .60E-16 a.u+es 1.32E-1C 
7.1E+03 6.S5E-1S 7.1E*03 I . U E - L 5 e.cz«oi 3 . M E - U 1-0E+04 1.J0E-16 
S.1E+03 5.73E-1S 1 .OE+04 9.79E-1C I.OE+04 3 . 4 1 E - I 6 i .SE+04 1.29E-16 
J.0E*O4 4.07E-1S 1.SEHI4 5.20E-1C 1.5E*04 2 . 3 3 E - 1 * 2.0E+04 • . 2 3 E - 1 7 
l .SE+04 1.49E-1S 2.0E+04 2.71E-1S 2.0E+Q4 1.46E-16 2.5E+04 1.S0E-17 
2.0E+04 6 .02E-16 3.0E+O4 9.35E-17 2.SE+04 7 .35E-17 3.0E*04 2.30C-17 
2.5E+04 2 .66E-16 3.0E+O4 5.04E-17 3.0E+04 4.C1E-I7 3.0C+04 1.59E-17 
3.0E+04 1.03E-16 3.SE+04 2 .99E-17 
3.7E+04 4 .36E-17 

References: 240, 243, 245, 2C2 

Accuracy; cot 

Motest (1) Tbe eaission cross section i s defined ai the photon eaission from state nl v i tb no 
corrections for cascading i . e . Balaer- « emission cross section i s the enissicn of 
photons in tbe 3 ->2 transition at x «1(4 na which does not include any other 
trans i t ions . 
(2) Tbe probable accoracy of the data i s estimated at C0%. 

Por Cbebyshev f i t s of tbe above cross sections i t i s necessary to use tbe following pstaaetets . 

* • • ' "Bin " 3.»E*03 eV/eau, 
I**1 ^ i n * 3 ' t t+O eV/aao, 
( H i ' *»in * *•**»"* eV/aao, 
(Ht) E „ l n • SiOE+0; eV/aau, 

E , , , - 3.7E+04 ev/aau 
E , , , • 3.SE+04 eV/MHi 
E „ s • 3.*E+04 «V/4aa 
t , , , - 3.8E*04 eV/sau 

Cr.ebvshey Fitting Paraaeters for Cross Sections 

A0 Al A2 A3 A4 AS A6 A7 A* 
(H.) - 6 * . 6 3 6 6 - 2 . 6 * 2 6 5 - . 7 4 5 3 0 9 - . 0 3 0 0 5 4 * .0 )54272 .00127207 .0359553 .0365120 .0161142 
(By) - 7 1 . 6 3 9 2 -1 .46157 - . 6 7 7 1 2 1 .0630041 .0375640 .00465953 - . 0 0 9 1 * 2 3 0 .01*9071 .0164169 

<»T> - 7 2 . 9 3 6 6 - 1 . 1 4 1 0 3 - . 5 5 4 0 6 1 .105201 .035*399 .0591207 - . 00055619 - . 0 3 3 6 5 4 4 - . 0 4 2 3 5 2 1 
(B,) - 7 4 . 4 1 2 $ - . 9 9 5 9 2 3 - . 5 1 1 4 0 1 - . 0119520 .159467 .0670561 - . 0432569 - . 0 6 5 5 * 2 5 - . 0 7 2 4 * 7 5 

The f i t represents the (B.) cross taction with an r»» deviation of 0 .6t . 
The aaslaua deviation i s 1.0% at 2.0E+04 tV/aau. 
The f i t represents the (By) cross section with an rai deviation of 0.01. 
The aasiaua deviation i s O.Ot. 
The f i t represents the (BT) cross section with an rmi deviation of 0.5». 
The aasiaua deviation is 1 . 1 * at t.OE+03 ev/aau. 
The f i t represents the (By) cross section with an tmt deviation of O.Ot. 
The aaxiaun deviation i s O.Ot. 

see appendix for Chebyshev fie dec«il*. 
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Cross Sections for Excitation sad Spectral Line amission 
(* denotes rate coefficient data also) 

Page 
H + H -> H(2s) C-2 

-> H(2p) C-2 
-•- H(3s) . . . C-4 
-> H(3p) C-4 
-> H(3d) C-4 
-> H(Balmer-a) C-4 

H + H 2 -> H(2s) [projectile] C-6 
-> H(2p) [projectile] C-6 
-> (2s) [target] C-6 
-> (2p) [target] C-6 
-> (Lynan-a) C-8 
-> H(3s) C-10 
-> H(3p+3d) . . C-10 
-> H(Balmer-a) C-12 
-> H(4s) C-14 
-> H(4p+4d) C-14 
-> H(Balraer-e) C-14 

H(2s) + H 2 -> H(Lywan-o) C-16 
-> H(3s) C-18 
-> H(Balmer-«) C-18 

H(2s) + He -> H(Lyman-a) C-20 
-> H(3s) C-22 
-> H(Balmer-a) C-22 

H + Ke -> H(Lyman-a) C-24* 
-> H(2s) C-30 
-> H(2p) C-30 
-> H(3s) C-32 
-> H(Sp) C-32 
-> H(3d) C-32 
-> H(3p+3d) C-32 
-> H(Balroer-<.) C-34 
-> H(Balmer-a) C-34 
-> H(4s) . . , C-36 
-> H(4p+4d) C-36 
-> He(31P) C-38 
-> He(33P) C-38 
-> He(33D) C-38 
-> He(41S) C-40 
-> He(41P) C-40 
-> He(41D) C-40 
-> He(43S) C-42 
-> He(43P) C-42 
-> He(43D) C-42 



C (Cont'd) 

H* + H -> H(2s) C-44 
-> H(2p) . . . . , C-44* 
-> H(n=2) C-48 
-> H(n=3) C-48 
-> H(n=4) C-48 

H* + H 2 -> H* + H(2s) + H C-50 
-> H* + H(2p) + H C-50 
-> H* + H(3p) + H C-52 
-> H(Lywan-a) C-54 
-> H(Balmer-ai C-56 
-> H(Babaer-0) C-56 
-> H(Bal»er-T) c-56 
-> H2(Lyaan-Band) C-58 
-> H2(Lysan-Band) C-58 

H* + He -> He(21S) C-60* 
-> He(2]P) C-60* 
-> He(21S + 2*P) C-60 
-> He(31S) C-66 
-> He(31P) C-66 
-> H e ^ D ) C-66 
-> He(41S) C-68 
-> He(41P) C-68 
-> He(41D) C-68 
-> v.u.v. (20-140 nm) C-70 

He* + H -> H(n»2) C-72 
-> H(2s) C-74 
-> H(2p) C-74* 

He* + H 2 -> H(Lyraan-a) C-78 
-> H(Lyman-0) C-78 
-> H(Balmer-a) C-80 
-> H(Balmer-e) c-80 
-> H(2s) C-82 
-> H(2p) C-82 
-> H(3s) C-84 
-> H(3p) C-84 
-> He*(2s) C-86 

He* + He -> He(21S) [targetj C-88 
-> He(21P) (target] C-88 
-> He(23S) [target] C-90 
-> He(23P) [target] C-90 
-> He(3iS) [target] C-92 
-> H e ^ P ) [target] C-92 
-> He(3JD) [target] C-92 
-> H e ^ S ) [target] C-94 
-> He(33p) (target] C-94 
-> He(JJD) [target] C-94 



C. (Cont'd) 

He* + He -> He(4 1 S) [ t a r g e t ] C-96 
-> He(4 1 P) [ t a r g e t ] C-96 
-> He(4 1D) [ t a r g e t ] C-96 
-> He(4 3 S) [ t a r g e t ] C-98 
-> He(4 3 P) [ t a r g e t ] C-98 
-> He(4 3D) [ t a r g e t ] C-98 
-> He*(n=2) [ p r o j e c t i l e ] C-100 
-> He*(n=3) [ p r o j e c t i l e ] C-102 

He + H2 -> H(Balner-a) C-104 
-> H(Bal»er-0) C-104 

He + He -> He(2 1 S) C-106 
-> He(2 1P) C-106 
-> He(3 1P) C-108 
-> He(3 1D) C-108 
-> He(3 3P) C-108 
-> He(3 3D) C-108 
-> He(4*S) C-110 
-> He(4 xP) C-110 
-> He(4 3 S) C-112 
-> He(4 3P) C-112 
-> He(2s 2 XS) C-114 
-> He(2s2p 3P) C-114 
-> He(2p 2 *D) C-114 
-> He(2s2p 1P) C-114 
-> He"( l s2s 2 2 S). C-114 

He2* + H -> H(2s) C-116 
-> H(2p) C-116 

He(2 3 S) + Hef^S) -> H e ^ P ) + He C-118 
-> He(3 3 P) + Ke C-120 
-> He(4 3 S) + He C-122 
-> He(4 3D) + He C-122 
-> He + He(4 3 S) C-124 
-> He + He(4 3D) C-124 

H* + L i ( 2 s ) -> Li(2p) C-126 

-> L i ( 6 7 0 . 8 run) C-126 

He* + L i ( 2 s ) -> L i ( 6 7 0 . 8 ran) C-128 

He 2 t + L i ( 2 s r -> Li (2p) C-130 
-> L i ( 6 7 0 . 8 nw) C-130 



C-2 

Excitation Cross Sections for 
H + H -> H(2s,2p) + H(r) 

H(2s) H(2p) 
Energy Cross Section Energy Cross Section 
(eV/amuj (OB 2) (eV/amu) [cm1) 

2.0E+03 8.03E-18 4.0E+03 1.62E-17 
3.0E+03 9.80E-18 5.0E+03 2.29E-17 
4.0E+03 1.15E-17 6.0E+03 2.44E-17 
5.0E+03 1.29E-17 7.0E+O3 2.47E-17 
6.0E+03 1.43E-17 8.0E+03 2.41E-17 
7.0E+03 1.51E-17 9.0E+03 2.35E-17 
8.0E+03 1.56E-17 1.0E+04 2.28E-1? 
9.0E+03 1.59E-17 1.5E+04 1.92E-17 
1.0E+04 1.60E-17 2.0E+04 1.58E-17 
1.5E+04 1.37E-17 3.0E+O4 1.17E-17 
2.0E+04 1.04E-17 
3.0E+04 6.64E-18 
4.0E+04 4.65E-18 
5.0E+04 3.48E-18 
6.0E+04 2.74E-18 
7.0E+04 2.28E-18 
8.0E+04 2.02E-18 
9.0E+04 1.84E-18 

References: 15, 592, 593, 594, 595, 596, 597, 598 
Accuracy; Unknown 
Botes: (1) The symbol H(r) OVnotes that the target atom may be left in any 
(excited] state after the collision. (2) All theoretical treatments of the 
H • H excitation cross sections are in serious disagreement wiMi 
experiment and with each other, both in absolute magnitude and ervvgy 
dependence. For various theoretical treatments see Flannery (Ref. i94 -
four state impact parameter method), McLaughlin and Bell (Ref. 595 - close 
coupling exchange), Shingal et al. (Ref. 596 - four state semiclassical 
impact parameter), and Khurana et al. (Ref. 597 - 2nd Born approximation 
and also distorted wave Born). 

ChebvBhev Fitting Parameters for Cross Sections 

E„in = 2.0E+03, E_.„ » 9.0E+04 
<ft ' <- 0 E* 0 3' C x - 3.0E*04 

AO Al A2 A3 A4 A5 A06 
H(2s) -79..098 -.784062 -.651723 .0462865 .114234 -,00-<87654 -.0114391 
H(2p) -77.1082 -.256046 -.232311 .0701782 -.0315673 .0229762 .00612383 

The fit represents the H(2s) cross section with an rms deviation of 1.2%. 
The maximum deviation is 2.8% at 2.0E+04 ev/ainu. 
The fit represents the H(2p) cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.6% at 6.0E+03 eV/amu. 

See appendix for Chebyshev fit details. 
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C-4 

Excitation and Spectral Line Emission Cross Sections for 
H • H -> H(3s,3p,3d) + H(t) 

-> Balmer-o emission 
H(3s) H(3p) H(3d) Ha 

Energy O Energy a Energy o Energy o 
(ev/amu) (OB J) (eV/amu) <CB 3) (eV/amu) (cm2) (eV/amu) (cm 1) 
1. -E+03 1.68E-18 1.0E+03 7.24E-19 1.0E+03 2.53E-20 1.0E+03 1.87E-18 
2.0E+03 6.73E-18 2.0E+03 5.76E-18 2.0E+03 3.22E-19 2.0E+03 8.27E-18 
4.0E+03 1.22E-17 4.0E+03 1.45E-17 4.0E+03 1.14E-18 4.0E+03 1.45E-17 
7.OE+03 8.59E-18 6.0E+03 1.63E-17 6.0E+03 1.39E-18 7.0E+03 1.20E-17 
1.0E+04 6.47E-18 7.0E+03 1.59E-17 7.0E+03 1.38E-18 1.0E+04 9.34E-18 
2.OE+04 3.48E-18 1.0E+04 1.34E-17 1.0E+04 1.18E-18 2.0E+04 5.05E-18 
4.0E+04 1.76E-18 2.0E+04 7.42E-18 2.0E+04 6.78E-19 4.0E+04 2.68E-18 
7.OE+04 1.07E-18 4.0E+04 4.27E-18 4.0E+04 4.11E-19 7.0E+04 1.71E-18 
1.0E+05 7.69E-19 7.0E+04 3.11E-18 7.0E+04 2.99E-19 1.0E+05 1.32E-18 
2.OE+05 4.08E-19 1.0E+05 2.55E-18 1.0E+05 2.44E-19 2.0E+05 7.60E-19 
4.0E+05 2.11E-19 2.0E+05 1.61E-18 2.0E+05 1.50B-19 4.0E+05 3.97B-19 
7.OE+05 1.20E-19 4.0E+05 9.29E-19 4.0E+05 8.23E-20 7.0E+05 2.32E-19 
1.0E+06 8.72E-20 7.0E+05 5.57E-19 7.0E+05 4.91E-20 1.0E+06 1.65E-19 

1.0E+06 4.00E-19 1.0E+06 3.56E-20 
Reference: 598 
Accuracy: Unknown 
Rotes: (1) We are not aware of any experimental data for the excitation 
of the n - 3 levels of H by H Impact. (2) The data shown are obtained from 
McLaughlin and Bell (Ref. 598) using first order exchange theory. They 
also calculated these excitation cross sections using the first Born 
approximation. Below 10 s ev/amu the Born calculations are as much as a 
factor of 5 below the data obtained from the exchange theory. These data 
are placed here to provide an insight as to the magnitude and energy 
dependence of the n » 3 excitation cross sections. (3) The Ha emission 
cross section is given by Ha - o(3s) •» 0.118 o{ip) + o(3d). (4) The symbol £ denotes that the target atom may be left in any state. 

Chebvshev Fitting Parameters for Cross Sections 

H(3s) 
H(3p) 
H(3d) 
Ha 

f.min Emin 
pi»in 
Emin 

1.0E+03 eV/amu, 
1.0E+03 ev/amu, 
1.0E+03 ev/amu, 
1.0E+03 eV/amu, 

Emax 
J>ax 
"max 

1.0E+06 ev/amu 
1.0E+06 eV/amu 
1.0E+06 ev/amu 
1.0E+06 ev/amu 

A0 Al A2 A3 A4 A5 A6 
H(3S) 
H(3p) 
H(3d) 
Ha 

-82.5799 -2 
-81.2005 
-86.3820 
-81.7586 -1. 

.05302 

.954175 

.612848 
76650 

-1 
-1 

.908967 

.20328 

.47849 

.933877 

.534101 

.638574 

.754596 

.519497 

.249917 

.328341 

.362929 

.264797 

.0520636 

.0263311 

.0428931 

.0406777 

.0418468 

.0719202 
,0876543 
,0464266 

The fit represents the H(3s) cross section with an rms deviation of 4,2%. 
The maximum deviation is 6.2% at 2.OE+03 ••7/amu. 
The fit represents the H(3p) cross section with an rms deviation of 2.0*. 
The maximum deviation is 2.9% at 2.0E+05 eV/amu. 
The fit represents the H(3d) cross section with an rms deviation of 2.6%. 
The maximum deviation is 4.6% at 2.0E+04 eV/amu. 
The fit represents the Ho cros3 section with an rma deviation of 1.6%. 
The maximum deviation is 2.2% at 2.OE+03 eV/amu. 

See appendix for Chebyshev fit detailn. 
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C-6 

Projc-ct i le Exc i ta t ion and Target D i s s o c i a t i v e Exc i ta t ion Cross Sect ions 

H • H2 -> H(2s,2p) + E H2 

- > E H + H(2s.2p) • H 

H ( 2 s ) t p r o j . ) H ( 2 p ) | p r o j . ) H ( 2 s ) ( t a r g . | H ( 2 p ) | t a r g . J 

Energy o Energy o Energy o Energy o 
(ev/asM) (cm 1) (eV/amu) (cm 7) (ev/amu) (on 2 ) (ev/anu) ( C B * ) 

2.0E+03 5.56E-18 5.0E+03 4.13E-17 5.0E+03 2.78E-18 5.0E+O3 6.90E-18 
3.0E+03 6.69E-18 6.0E+03 3.53E-17 6.0E+03 3.26E-18 6.0E+03 8.60E-18 
4.0E+03 7.62E-18 7.0E+03 3.11E-17 7.0E+03 3.57E-18 7.0E+03 9 .97E- .8 
5.0E+03 8.47E-18 8.0E+03 2.79E-17 8.0E+03 3.75E-18 8.0E+03 1.12E-17 
6.0E+03 9.19E-18 9.0E+03 2.61E-17 9.0E+03 3.81E-18 9.0E+03 1.22E-17 
7.0E+03 9.90E-18 I.OE+04 2.49E-17 I.OE+04 3.86E-18 I.OE+04 1.32E-17 
8.CE+03 1.05E-17 1.5E+04 2.40E-17 1.3E+04 3.88E-18 1.3E+04 1.39E-17 
9.0E+03 1.11E-17 2.0E+04 2.08E-17 1.5E+04 3.83E-18 1.5E+04 1.37E-17 
I.OE+04 1.16E-17 2.5E+04 1.78E-17 2.0E+O4 3.68E-18 2.0E+04 1.16E-17 
1.5E+04 1.32E-17 2.5E+04 3.53E-18 2.5E+04 9.03B-18 
2.0E+04 1.20E-17 
2.5E+04 9.84E-18 

for 

References: 124, 592 
Accuracy: unknown 
Botes: (1) H is considered the projectile and H 2 the target. (2) The synbol 
denotes all states in which the products are left. (3) The n»2->l transition 
is at wavelength 121.5?nm. 

Chebvshev Fitting Parameters for Cross Sections 

H ( 2 S ) p r o j . 5» in = 

nnin = 

2.0E+03 eV/amu, fmax Z 
max 

2.5E+04 eV/amu 
H(2p) p r o j . 5» in = 

nnin = 5.0E+03 eV/arau, fmax Z 
max 2.5E+04 ev/amu 

H(2s) t a r g . 5» in * 
Smin -

5.0E+03 eV/amu, M O J l 

£max 
"max 

2.5E+04 eV/amu 
H(2p) t a r g . 5» in * 

Smin - 5.0B+03 eV/amu, 
M O J l 

£max 
"max 2.5E+04 eV/amu 

AO Al A2 A3 A4 AS A6 

H(2>) p r o j . - 7 8 . 5 2 9 8 .381193 - . 1 5 3 2 4 1 - .0381960 - . 0 3 5 4 3 6 1 - . 0 0 8 3 9 6 8 9 .00756242 
H(2p> proj. - 7 6 . 3 6 4 0 - . 3 7 8 1 6 5 .0409330 - . 0 6 2 4 2 9 9 - . 0 1 8 0 0 1 2 .0197844 .0125324 
R(2>) targ. - 8 0 . 3 8 3 1 .0903819 - . 1 0 9 4 1 5 .0282363 - . 0 0 6 7 6 5 6 8 .000903034 .00303522 
B(2p) tmii). - 7 8 . 2 1 7 8 .158165 - . 2 6 9 3 4 1 - .0251991 .00457227 .00145158 - . 0 0 6 8 5 2 7 5 

The fit represents the H(2s) proj. cross section with an rms deviation of 0.5%. 
The maximum deviation is 0.8% at I.OE+04 eV/amu. 
The fit represents the H(2p) proj. cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.3% at 8.0E+03 ev/amu. 
The fit represents the K(2s) targ. cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.3% at 9.0E+03 ev/amu. 
The fit represents the H(2p) targ. cross section with an rmn deviation of 0.4%. 
The maximum deviation is 0.7% at 1.3E+04 eV/amu. 

See appendix for Chebyshev fit details. 



C-7 

10 16 

-17 
1 0 -

10" te 

H + H - > H(2s,2p) + I H 
H + H2 - > IH + H(2s,2p) + H 

Cross Section vs. Energy 
T — i — i — i i i i r T—i—i—r—r 

\ 

\ 

J U t i l l A I I » I I I 

A= 1s->2p (prop 

x = 1s->2s (prop 

v = ls->2p (target) 

* = 1s->2s (target) 

Recommended 
-Data 

Chebyshev Fit 

Kf 10* 
Energy (eV/amu) 

id 1 



C-" 

Total Spectral Line Emission Cross Sections for 
H • H 2 -> H(Ly*an-<i) 

Energy Velocity Cross Section 
ev/aaw) (M/S) (an1) 
1.5E+03 5.38E+07 7.17E-17 
2-0E+0.1 6.21E+07 6.67E-17 
3.0E+03 7.61E+07 5.98E-17 
4.0E+03 8.79E+07 5.38E-17 
5.0E+O3 9.82E+07 4.91E-17 
6.0E+03 1.08E+08 4.50E-17 
7.0E+03 1.16E+08 4.22E-17 
8.0E+03 1.24E+08 4.04E-17 
9.0E+O3 1.32E+08 3.92E-17 
1.0E+04 1.39E+08 3.80E-17 
1.5E+04 1.70E+08 3.48E-17 
2.0E+04 1.96E+08 3.20E-17 
2.5E+04 2.20E+08 2.97E-17 
3.0E+04 2.41E+08 2.81E-17 
4.0E+04 2.78E+08 2.52E-17 
5.0E+04 3.11E+08 2.28E-17 
6.0E+04 3.40E+08 2.15E-17 
7.0E+04 3.68E+08 2.06E-17 
8.0E+0* 3.93E+08 1.98E-17 
9.0E+04 4.17B*08 1.92E-17 
1.0E+05 4.39E+08 1.88E- .7 
1.3E+05 5.01E+08 1.77E-17 

References: 124, 194. 333 
Accuracy; Unknown 
gote; The total spectral line eaiission includes radiation from excitation 
of the H projectile and the dissociative excitation of the H 2 target. 

Chebvshev Fitting Parameters for Cross Sections 

E,,̂ ,, - 1.5E+03 ev/arnu, E,,^ = 1.3Et05 eV/amu 

AO Al A2 A3 A4 A3 A6 
75.7615 -.720784 .OllSlaO .00540110 -.00257496 .0252003 -.00232715 

The fit represents the above cross section with an rms deviation of 1.2% 
The maximum deviation is 2.4% at 2.0E+03 ev/amu. 

See appendix for Chebyahev fit details. 
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C-iO 

Excitation Cross Sections for 
H + H 2 -> H(3s) + H 2 

-> H(3p+3d) + H 2 

H(3s) H(3p+3d) 
Energy Cross Section Energy Cross Section* 
(ev/amu) (cm1) (ev/amu) (cm*) 

2.0E+02 1.84E-18 2.0E+02 5.72E-18 
4.0E+02 4.61E-18 4.0E+02 1.01E-17 
6.4E+02 5.66E-18 7.0E+02 1.25E-17 
7.0E+02 5.61E-18 1.0E+03 1.35E-17 
1.0E+03 4.95E-18 1.5E+03 1.28E-17 
1.5E+03 3.53K-18 2.J0E+03 1.17E-17 
2.0E+03 2.96E-16 3.OE+03 8.66E-18 
4.0E+03 2.43E-18 4.0E+03 6.34E-18 
5.0E+03 2.36E-18 7.0E+03 3.91E-18 
7.0E+03 2.46E-18 1.0E+04 3.64E-18 
1.0E+04 3.21E-18 1.5E+04 3.13E-18 
1.5E+04 4.07E-18 2.0E+04 2.13E-18 
2.0E+04 4.41E-18 4.0E+04 1.29E-18 
2.3E+04 4.50E-18 7.0E+04 1.17E-18 
2.5E+04 4.46E-18 1.0E+05 1.16E-18 
4,OE+04 3.59E-18 
7.0E+04 2.86E-18 * see notes (3) and (4) 
1.0E+05 2.73E-18 

References; 133, 500, 601 
Accuracy; Unknown 
Motes; (1) Because of its much longer lifetime, the 3s excitation is resolvable 
in the Balmer-o emission. (2) The 3s cross section represents that for 
excitation of the H projectile only. (3) The cross section labelled H(3p + 3d) 
is determined by subtracting o(3s) from the total Balmer-a emission cross 
section, and therefore represents o(3d) + 0.12 c(3p) because of branching 
ratios. (4) For energies above 2 kev/amu, the H(3p + 3d) cross section 
represents excitation of the projectile only. At lower energies, contributions 
from dissociative excitation of H 2 target molecules are included. Comparison 
of the data suggests that these contributions are small. 

Chebyshev Fitting Parameters for Cross Sections 

H(3s) E f f l i n - 2.0E+02 ev/amu, L - 1.0E+05 eV/amu 
H(3p+3d) E_ l n » 2.0E+02 eV/amu, EZJC = 1.0E+05 eV/amu 

A0 Al A2 A3 A4 A5 A6 
H(3s> -80.5534 -.0150679 -.145036 .109627 -.341180 .113781 .131159 
H(3p+3d) -80.1203 -1.13376 -.496856 .359704 .00520846 -.0168457 .0653151 

The fit represents the H(3s) crost section with an rtns deviation of 3.2%. 
The maximum deviation is 7.0% at 4.0E+04 eV/amu. 
The fit represents the HOpOd) crons scvtion wltl. an rins deviation of 7.1%. 
The maximum deviation is 14.5% at 7.0E+03 pv/amu. 

See appendix for Chebyshev fit detailn. 
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C-12 

Total Spectral Line Emission Cross Sections for 
H • H 2 -> (BaUer-aj 

Total (B • H 2) M2 (targ.) H (proj.) 

Energy o Energy o Energy o 
tev/awu) (« 2) (eV/amu) (CM 2) (ev/amu) (CM 2) 

5.0E+01 1.98E-19 2.0E+03 1.90E-18 2.0E+03 1.58E-17 
7.0E+01 6.35E-19 3.0E+03 1.87E-18 3.0E+03 1.14E-17 
1.0E+02 1.67E-18 4.0E+03 1.90E-18 4.0E+03 9.06E-18 
1.5E+02 4.93E-18 5.0E+03 1.95E-18 5.0E+C3 7.61E-18 
2.0E+02 7.69E-18 6.0E+03 2.02E-18 6.0E+03 6.83E-18 
4.0E+02 1.47E-17 7.0E+03 2.11E-18 7.0E+03 6.54E-18 
7.06*02 1.P0E-17 8.0E+03 2.24E-18 7.5E+03 6.52E-18 
9.0B+02 1.84E-17 9.0E+03 2.37E-18 8.0E+O3 6.62E-18 
1.0E+03 1.82E-17 1.0E+04 2.54E-18 9.0E+03 6.88E-18 
1.5B+03 1.75E-17 1.5E+04 2.94E-18 1.0E+04 7.04E-18 
2.0E+03 1.56E-17 2.0E+04 3.15E-18 1.5E+04 7.11E-18 
4.0E+03 1.10B-17 2.3E+04 3.18E-18 2.0E+04 6.69F-18 
7.0E+03 8.76E-18 3.06*04 2.89E-18 3.0E+04 5.39E-18 
8.0E+03 8.69E-18 4.0E+04 2.30E-18 4.0E+04 4.73E-18 
1.0E+04 9.S4E-18 5.0E+04 1.93E-18 5.0E+04 4.43E-18 
1.4E+04 1.01B-17 6.0E+04 1.63E-18 6.0E+04 4.25E-18 
2.0E+04 9.84E-18 7.0E+04 1.41E-18 7.0E+04 4.20E-18 
4.0E+04 7.14E-18 8.0E+04 1.24E-18 8.0E+C4 4.18E-18 
7.0B+04 5.26E-18 9.0E+04 1.11E-18 9.0E+04 4.17E-18 
1.0E+05 4.61E-18 1.0E+05 1.01E-18 1.0E+05 4.17E-18 

References; 133, 500, 601 
Accuracy: Unknown 
Botes: (1) The total Balmer-o emission cross section Ha is equal to the sum 
of the emission from the projectile (Hpp) and the target (Br_). (2) Balraer-

x » 556.28nm. radiation is from the n=3->n*2 transition in H with 
Hpp) sTti 

Chebvshev Fitting Parameters for Cross Sections 

Total 
«2 

fmin 
^lin 
Emin 

5.0E+01 eV/amu, 
2.0E+03 eV/amu, 
2.0E+03 ev/amu. 

hoax. 
Emax 
Emax 

1.0E+05 eV/amu 
1.0E+05 eV/amu 
1.0E+05 eV/amu 

A0 Al A2 A3 A4 A5 A6 
Total -79.7992 .953923 -1.39409 .663856 -.262806 -.0749405 .0516520 
H 2 -81.5995 -.183064 -.361113 -.185120 .0559114 .0591802 -.0130234 
H -79.0077 -.627859 .128139 -.0950362 .0772477 .0565053 -.0596124 

The fit represents the Total cross section with an rms deviation of 7.0%. 
The maximum deviation is 13.6% at 7.0E+03 eV/amu. 
The fit represents the H 2 cross section with an rms deviation of 1.4%. 
The maximum deviation is 3.0% at 4.0E+04 ev/amu. 
The fit r"^resents the H cross section with an rms deviation of 1.9%. 
The maximum deviation is 3.4% at 3.0E+03 ev/amu. 

See appendix for Chebyshev fit details. 



H + Hj - > Hc 

-16 

10 --17 

10 ,,-ia 

10' 19 

Cross Section vs. Energy 
10 r «—i i i inn 1—i i i I I I I I 1—i i 11 mi 1—i i i i in 

-i i i , i i iui 1 i i i mi l i i i 11 ml 1 ' i i m i 

A = H a Total 

x = H a Proj. 

V = H a Target 

Recommended 
Ooto 

Chebyshev Fit 

10' icf id* 104 

Energy (eV/amu) 
icf 



Total Excitation and Spectral Line Emission Cross Sections for 
H + H 2 -> 

-> 
H(4s,4p+4d) 
H(Balmer-8) 

H(4s) H(4p+4d) H(Balner-S) 

Energy a Energy o Energy o 
(ev/amu) (cm2) (eV/amu) (cm2) (ev/anu) (C* 2) 

2.0E+O2 2.69E-19 2.0E+O2 9.25E-19 6.0B+01 3.13E-20 
3.0E+02 5.20E-19 3.0E+O2 1.50E-18 7.0E+01 S.98E-20 
4.0E+O2 8.30E-19 4.0E+O2 1.91E-18 1.0E+02 2.19E-19 
5.0E+O2 1.01E-18 5.0E+02 2.20E-18 1.5E+02 7.38E-19 
6.0E+O2 1.11E-18 6.0E+02 2.40E-18 2.0E+02 1.24E-18 
7.0E+02 1.12E-18 7.0E+02 2.54E-18 4.0E+02 2.67E-18 
8.0E+02 1.10E-18 8.0E+02 2.66E-18 7.0E+02 3.66E-18 
9.0E+02 1.C6E-18 9.0E+O2 2.76E-18 1.0E+03 3.90E-18 
1.0E+03 1.02E-18 I.~E+03 2.86E-18 1.5E+03 3.95B-18 
1.5E+03 8.58E-19 1.3E+03 2.99E-18 2.0E+03 3.69E-18 
2.0E+03 7.48E-19 1.5E+03 2.98E-18 2.5E+03 3.37E-18 
2.5B+03 6.67E-19 2.0E+03 

2.5E+03 
2.84E-18 
2.64E-18 

References; 600, 601 
Accuracy: Unknown 

m ftes; (1) The cross sections include excitation of the projectile H, 
BBociative excitation of the target H 2, and H Balmer-B line emission front both 

projectile and target. (2) The Balmer-e radiation has a wavelength of 486.13nm, 
and corresponds to the n-4->n«2 transition in H. 

Chebvshev Fitting Parameters for cross Sections 

H(4s) 
H(4p+4d) 
H(Balmer-s) 

Emin 
?min 
^ i n 

2.0B+02 
2.OE+02 
6.0E+01 

fV/amu, 
eV/amu, 
eV/amu, 

Emax 
rmax 
Siax 

2.5E+03 eV/amu 
2.5E+03 eV/amu 
2.56+03 ev/amu 

AO Al A2 A3 A4 AS A6 
H(4S) -83.7360 .403599 -.495244 .0926298 .0476553 -.0421657 .00996875 
H(4p+4d) -81.4782 .513746 -.253426 .0120434 -.0154708 -.00146007 .00795248 
H(Balmer-fl) -82.9678 2.14325 -1.06498 .222304 -.0396703 -.0277369 .0217573 

The fit represents the H(4s) cross section with an rms deviation of 0.4%. 
The maximum deviation is 1.1% at 5.0E+02 ev/amu. 
The fit represents the H(4p+4d) cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.4% at 4.0E+02 eV/amu. 
The fit represents the H(Baliner-fl) cross section with an rms deviation of 1.6%. 
The maximum deviation is 2.5% at 1.0E+02 eV/amu 

See appendix for Chebyshev fit details. 
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C-16 

Total Spectral Line Emission Cross Sections fnr 
H(2s) + K 2 -> H(Lyman-a) 

Energy Velocity Cross Section 
(ev/anu) (cm/8) (cm2) 
7.0E+03 1.16E+08 1.46E-16 
8.0E+03 1.24E->0n 1.49E-16 
9.0E+03 1.32E+08 1.5CE-16 
1.0E+04 1.39E+08 1.49E-16 
1.1E+04 1.46E+08 1.48E-16 
1.2E+04 1.52E+08 1.46E-16 
1.3E+04 1.58E+0B 1.43E-16 
1.4E+04 1.64E+08 I.41E-16 
1.5E+04 1.70E+08 1.38E-16 
1.6E+04 1.76E+08 1.34E-16 
1.7E+04 1.81E+08 1.31E-16 
1.8E+04 1.86E+08 1.27E-16 
1.9E+04 1.9JE+08 1.23E-16 
2.0E+04 1.96E+08 1.20E-14 
2.1E+04 2.01E+08 1.16E-16 
2.2E+04 2.06E+08 1.13E-16 
2.3E+04 2.11E+08 1.10E-16 
2.4E+04 2.15E+08 1.07E-16 
2.5E+04 2.20E+08 1.04E-16 
2.6E+04 2.24E+08 1.02E-16 

References: 333, 692 
Accuracy: 60% 
Motes: (1) The82 data include emission from excitation of the projectile H and 
from the dissociative excitation of H 2. (2) Lyman-o emission occurs at a 
wavelength of 12l.57nm. 

Chebvshev Fitting parameters for Cross Sections 

Emln " 7«°E+03 eV/amu, E m a x « 2.6E+04 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-73.1370 -.183791 -.0767839 .00130611 .00262379 .00284123 -8.70436E-05 

The fit represents the above cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.4% at 1.3E+04 eV/amu. 

See appendix for Chebyshev fit details. 
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135.0 -

130.0 -
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115.0 -

110.0 -

105.0 

A = Ly 0 

100.0 

Recommended 
Data 

Chebyshev Fit 

5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 
Energy (eV/amu) *103 
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Excitation and Spectral Line Emission Cross Sections for 
H(2s) • H 2 -> H(3s) 

-> H(Balmer-a) 

H(Balmer-a) 

Energy Cross S e c t i o n 
(ev/amu) (cm*) 

5.0E+O3 2.27E-17 
6.0E+03 2.29E-17 
8.0E+03 2.31E-17 
1.0E+04 2.32E-17 
1.2E+04 2.33E-17 
1.4E+04 2.31E-17 
1.6E+04 2.22E-17 
1.8E+04 2.06E-17 
2.0E+04 1.88E-17 
2.2E+04 1-75E-17 
2.4E+04 1.66E-17 
2.6E+04 1.58E-17 

H(3S) 
Energy Cross S e c t i o n 

(ev/anu) (OB*) 

5.0E+03 1.58E-17 
6.0E+03 1.60E-17 
8.0E+03 1.64E-17 
9.0E+03 1.65E-17 
1.0E+04 1.64E-17 
1.2E+04 1.60E-17 
1.4E+04 l . M E - 1 7 
1.6E+04 1.45E-17 
1.8E+04 1.36E-17 
2.0E+04 1.28E-17 
2.2E+C4 1.21E-17 
2.4E+04 1.15E-17 
2.6E+04 1.10E-17 

Reference: 691 
Accuracy: 50% 
Motes: (1) The Ba liner-a cross sections are determined by measuring the emission 
at x « 656.28nm from the n - 3 states of H and are related to the level 
excitation cross secLions as follows: o(Ha) * o(3s) + 0.118 a(3p) + o(3d). The 
factor 0.118 arises from the branching ratio for decay of the 3p state. (2) The 
o(3s) have been corrected for cascading. 

Chebvshev Fitting Parameters for Cross Sections 

H(Balmer-a) 
H(3s) Emir. 

5.0E+03 eV/amu, 
5.0E+03 eV/amu, max 

Emax 
2.6E+04 eV/amu 
2.6E+04 eV/amu 

A0 h\ A2 hi M A5 A6 

H(Balawr-a) - 7 8 . 8 1 5 0 - . 1 6 2 7 2 1 - . 1 0 9 9 5 4 - . 0 3 2 5 0 3 6 .0085461 .0165529 .00525437 
H ( 3 . ) - ' 7 . 5 5 4 1 - . 1 7 5 4 3 6 - . 1 0 1 8 1 0 - . 0 0 7 4 4 7 7 1 .0115273 .00202386 -7 .45889K-05 

The fit represents the H(Balmer-< l cross section with an rms deviation of 0.5%. 
The maximum deviation is 1.0% at 2.0E+04 eV/amu. 
The fit represents the H(3s) cross Bection with an rms deviation of 0.1%. 
The maximum deviation is o.i% at 1.0E+04 ev/amu. 

See appendix for Chebyshev fir. details. 
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HQs) + H - > H(3s) 
hv2s) + H , - > K 

Cross Section vs. Energy 

5.0 !0.0 15.0 20.0 25.0 
Energy (eV/amu) 

x = H(3s) 

30.0 
*10 3 

Recommended 
Data 

Chebyshev Fit 
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Spectral Line Emission Cross Sections 
H(2s) + He -> H(Lyman-a) 

for 

Energy 
(eV/amu) 

1.0E+04 
1.1E+04 
1.2E+04 
1.3E+04 
1.4E+04 
1.5E+04 
1.6E+04 
.7E+04 
.8E+04 
.9E+04 
.OE+04 
.1E+04 
.2E+04 
.3E+04 
.4E+04 
.5E+04 
.6E+04 

Velocity 
(cm/s) 

1.39E+08 
1.46E4 08 
1.52E+08 
1.58E+08 
1.645+08 
1.70E+08 
1.76E+08 
1.81E+08 
1.86E+08 
1.91E+08 
1,96E+08 
2.01E+08 
2.06E+08 
2.UE+08 
2.15E+08 
2.20E+08 
2.24E+06 

Cross Section 
(cm2) 

86E-17 
75E-17 
65E-17 
56E-17 
48E-17 
46E-17 
43E-17 
41E-17 
37E-17 
32E-17 
28E-17 
24E-17 
22E-17 
20E-17 

1.19E-17 
1.19E-17 
1.18E-17 

Reference: 333 
Accuracy; 80% 
Bote: The H L/man-a radiation is at a wavelength of 121.S7ren. 

Chebvshev Fitting Parameters for Cross Sections 

Emin * 1*OE+04 eV/amu, E( max 2.6E+04 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-77.5542 -.232829 .0249886 -.00284785 .0873114 .0106037 -.00679600 

The fit represents the above cross section with an rms deviation of 0.5%. 
The maximum deviation is 1.2% at 1.4E+04 eV/amu. 

See appendix for Chebyshev fit details. 
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H(2s) + He - > HCLy J 

o 
Cross Section vs. Energy 
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Recommended 
Doto 

Chebyshev Fit 
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Energy (eV/amu) *10* 
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Excitation and Spectral Lii 
H(2s) + He 

H(3s) 
Energy Cross Section 
(eV/amu) (cm2) 
5.0E+03 7.05E-18 
6.0E+03 6.62E-18 
8.0E+03 5.95E-18 
1.0E+04 5.ME-18 
1.2E+C4 5.21E-18 
1.4E+04 5.05E-18 
1.6E+04 4.95E-18 
1.8E+04 4.83E-18 
2.0E+04 4.67E-18 
2.2E+04 4.44E-18 
2.4E+04 4.23E-18 
2.6E+04 4.07E-18 

Reference: 691 
Accuracy: 50% 

• Emission Cross Serrtions For 
> H(3s) 
> H(Balmer-a) 

H(Balmer -") 

Energy Cross Section 
(eV/amu) (cm*) 
5.0E+03 1.15E-17 
6.0E+03 1.11E-17 
8.0E+03 1.04E-17 
1.0E+04 9.86E-18 
1.2E+04 9.35E-18 
1.4E+04 8.97E-18 
1.6E+04 8.66E-18 
1.8E+04 8.376-18 
2.0E+04 8.13E-18 
2.2E+04 7.87E-18 
2.4E+04 7.64E-18 
2.6E+04 7.42E-18 

Botes: (1) The Balmer-a emission cross section is given by o(3s) + 0.118 o(3p) 
+ o(3d). The factor 0.118 is to correct for the branching ratio of the 3p state. 
(2) The o(38) has been corrected for cascading. (3) The Balmer-a radiation is 
at a wavelength of 6S6.28nm. 

Chebvshev fitting Parameters for Cross Sections 

H(3s) 
H(Balmer-a) p»in 

Emin 
5.0E+03 eV/amu, 
5.0E+03 ev/amu. 

Bnax = 2.6E+04 eV/amu 
E ^ , = 2.6E+04 eV/antu 

A0 Al A2 A3 A4 AS A6 

H(3«) -79.5230 -.258972 7.15363E-04 -.0165922 --0U1266 -2.»1267E-04 .0059*856 
H(BalMr-a) -78.4151 -.218179 -.0140659 2.10927E-05 -.00210701 -.OC118313 3.35842E-04 

The fit represents the H(3s) cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.5% at 8.0E+03 eV/amu. 
The fit represents the H(Balmer-o) cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.1% at 8.0E+03 eV/amu. 

See appendix for Chebyshev fit details. 
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H<2s) + He - > H 
H(2s) + He - > H(3s) 

o 

£ 
3 
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4.0 

Cross Section vs. Energy 

x = H(3s) 

Recommend? H 
Data 

Chebyshev Fit 

5.0 10.0 15.0 20.0 25.0 30.0 
Energy (eV/amu) *103 
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Spectral Line Emission Cross Sections for 
H + He -> H(Lyman-o) 

Energy Velocity Cross Section 
(cm2) (ev/amu) (cm/s) 

Cross Section 
(cm2) 

3.0E+01 7.61E+06 1.01E-17 
4.0E+01 8.79E+06 2.41E-17 
7.0E+01 1.16E+07 4.35E-17 
1.0E+02 1.39E+07 5.23E-17 
2.0E+02 1.96E+07 6.65E-17 
4.0E+02 2.7SE+07 6.96E-17 
7.0E+02 :.68E+07 6.90E-17 
1.0E+03 4.39E+07 6.58E-17 
2.0E+03 6.21E+07 5.61E-17 
7.0E+03 1.16E+08 2.63E-17 
1.0E+04 1.39E+08 1.95E-17 
2.0E+04 1.96E+08 1.00E-17 
4.GE+04 2.78E+08 4.4QE-18 
7.0E+04 3.68E^08 1.90E-18 
9.0E+04 4.17E+08 1.26E-18 

References: 46, 639, 643, 644, 645, 651 
Accuracy: 80% 
llote: The Lyman-a emission at 121.6nm includes small contributions due to 
cascade from the n » 3 and higher levels. 

chebvshev Fitting Parameters tor Cross Sections 

B,,^ - 3.0E+01 ev/amu, E m a x = 9.0E+04 ev/amu 

A0 Al A2 A3 A4 AS A6 
-77.2423 -1.27626 -1.33104 .105602 -.131109 .0901017 -.0744630 

The fit represents the above cross sections with an rms deviation of 3.8%. 
The maximum deviation is 5.8% at 3.0E+01 eV/amu. 

See appendix for Chebyshev fit details. 
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H + He - > HCLyman ) 
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Spectral Line Emission Rate Coefficients for 
H • He -> H( Lyman-a) 

Maxwellian - Maxwellian Rate Coefficients (cm3/s) 

a 
Taap. Equal Ha T«q>. («V) 
(•V) Taap. 10. 100. 500. 1000. 5000. 10000. 20000. 

1.0B»01 4.37E-11' 4.37B-11* 3.03E-10 1.10E-09 1.64E-09 2.86E-09 3.02E-09 2.85E-09 
2.0B»01 1.86E-I0* I.S6E-10* 4.I3E-10 I.15E-09 1.67E-09 2.87E-09 3.02E-09 2.85E-09 
4.0B»01 4.64E-10 3.86E-10 6.06E-10 1.26E-09 1.74E-r9 2.87F-09 3.02E-09 2.8SE-09 
6.0B+01 6.92E-10 5.84E-10 7.71E-10 1.35E-09 1.80E-09 2.88E-09 3.02E-09 2.8SB-09 
8.0E*C1 8.S0E-10 7.52E-10 9.14E-10 1.44E-0S 1.85E-09 2.89E-09 3.02E-09 2.84E-09 
1.0E»02 1.04E-09 8.97E-10 1.04E-09 1.51E-09 1.91E-09 2.B9E-09 3.02E-09 2.S4E-09 
2.0E»02 1.61E-09 1.43E-09 1.51E-09 1.84E-09 2.13E-09 2.92E-09 3.01E-09 2.83E-09 
4.0E»02 2.22E-09 2.03E-09 2.08E-09 2.2GE-09 2.44E-09 2.96E-09 3.01E-09 2.81E-09 
6.0E+02 2.55E-09 2.38E-09 2.41E-09 2.53E-09 2.64E-09 2.99E-09 3.00E-09 2.80E-09 
B.0E»O2 2.74E-09 2.60E-09 2.62E-09 2.69E-09 2.77E-09 3.00E-09 2.99E-09 2.78E-09 
1.0B»03 2.86E.-09 2.74E-09 2.75E-09 2.61E-09 2.86E-09 3.01E-O9 2.98E-09 2.76E-09 
2.0E«O3 3.02E-09 3.00E-09 3.00E-C9 3.01E-09 3.01E-09 2.99E-09 2.90E-09 2.67E-09 
4.0E«03 ".85E-09 '.94E-09 2.94E-J9 2.93E-09 2.92E-09 2.83E-09 2.71E-09 2.50E-09 
6.01*03 2.62E-09 2.76E-09 2.76B-09 2.75E-09 2.74E-09 2.64E-09 2.54E-09 2.34E-09 
8.0E»O3 2.42E-09 2.58E-09 2.58E-09 2.57B-09 2.S6E-09 2.47B-09 2.38E-09 2.20E-09 
1.0E»04 2.24E-09 2.42E-09 2.41E-09 2.41E-09 2.40E-09 2.32E-09 2.24E-09 2.08E-09 
1.5E«04 1.88E-09 2.08E-09 2.08E-09 2.07E-09 2.07E-09 2.01E-09 1.94E-09 1.82E-09 
2.0E»O4 1.61E-09 1.92E-09 1.82E-09 1.81E-09 1.81E-09 1.76E-09 1.71E-09 1.61E-09 

Accuracy: * - Possible Error Greater Than 10% 
t - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

Znin = 1.0E+01 ev, E m a x « 2.0E+04 eV 

Ha 
Taap. 
(eV) A0 Al A2 A3 A4 A5 M 

10. -41.8408 1 .73612 -1.00696 .107279 -.0576945 .0226348 • .004782]7 
100. -41.0379 1 .03224 -.535100 -.134058 .0352264 -.00215014 -.00222457 
500. -40.2599 .410395 -.247167 -.176225 .00337909 .0177532 -.00518248 
1000. -35.9551 .185465 -.165562 -.151177 -.0159001 .0155346 -1, .77904E-04 
5000. -19.4938 -.156752 -.142409 -.0847522 -.0277793 -.00101284 .00283315 
10000. -39.4782 -.210389 -.141402 -.0704827 -.0240167 -.00186296 8 .94493E-04 
20000. -39.6096 -.218997 -.135741 -.0627840 -.0211979 -.00486653 -4 .40643E-04 
Kqual Taap. -42.7630 1 .61668 -1.06969 .147665 -.0861736 .0360393 -.0145355 

See appendix for Chebyshev fit details. 
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H + He - > HCLyman ) 

Maxwellian - Maxwellian 
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He Temp. 

(eV) 

A = 1 0 . 

x = 1 0 0 . 
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B = 10000. 

O = 2 0 0 0 0 . 
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-Data 
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Spectral Line Emission Rate Coefficients for 

He + H -> He + H(Lyman-a) 

Beam Maxwellian Rate Coefficients (on'/s) 

(•V) 

0E*00 
0E»00 
0E*0O 
0E«00 
0E«01 
OE*01 
OE'01 
OE*01 
0E*02 

2.0E*02 
4.0E»02 
7.0E»02 

0B»03 
0E-03 
0E*03 
0E*03 
0E*04 
OE*04 

10000. 

2.68E-09 
2.68E-09 
2.68E-09 
2.68B-09 
2.68E-09 
GSE-09 
68E-09 
67E-09 
67E-09 
66E-09 
64E-09 
61B-09 
58E-09 
49E-09 
32E-09 
12E-09 
96E-09 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1.53E-09 

20000. 

1.9SE-Q9 
1.96E-09 
1-96E-09 
1.96E-09 
1.96E-09 
1.96E-09 
1.95E-09 
1.9SE-09 

95E-09 
94E-09 
93E-09 
92E-09 
91E-09 
BSE-09 
81E-09 
70E-09 
59E-09 
29E-09 

H« Energy (aV/uu) 
30000. 40000. 50000. 

1.49E-09 
1.49E-09 
1.49E-09 
1.49E-09 
1.49E-C. 
1.49E-09 
1.49E-09 
1.49E-09 
1.49E-09 
1.49F-09 
1.49E-09 
1.49E-09 
.4SE-09 
.47E-09 
.44E-09 
.37E-09 
.30E-09 
.08E-09* 

1.22E-09 
1.22E-09 
1.22E-09 
1.22E-09 
1.22E-09 
1.22E-09 
1.22E-09 
1.21E-09 
1.21E-09 
1.21E-09 
1.20E-09 
1.20E-09 
1.20E-09 
1.19E-09 
1.16E-09 
l.UE-09 
1.06E-09 
9.04E-10-

9.78E-10 
9.78E-10 
9.78E-10 
9.78E-10 
9.78E-10 
9.78E-10 
9.78E-10 
9.78E-10 
9.79E-I0 
9.80E-10 
9.81E-10 
9.81E-10 
9.80E-10 
9.73E-I0 
9.43E-10 
8.98E-10 
8.60E-10' 
7.54E-10* 

60000. 

8.15E-10 
8.15E-10 
6.15E-10 
8.15E-10 
8.15E-I0 
8.15E-10 
8.15E-10 
8.15E-10 
8.15E-10 
8 16E-10 
8.17E-10 
8.17E-10 

13E-10 
92E-10 
53E-10' 
1SE-10* 
90E-10" 
26E-I0* 

70000. 

6.98E-I0 
6.9BE-10 
6.98E-10 

97E-10 
9'E-10 
97E-I0 
97E-10 
96E-10 
96E-10 
9SE-10 
90E-10 
74E-10 
58E-10 
18E-10* 
81E-10* 
59E-10* 
47B-19* 

S.18E-10" 

Accuracy: * - Possible Error Greater Than 10% 
t - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

^ n 1.0E+00 eV, "max 2.OE+04 eV 

H* 
Energy 
(•V/aau) A0 Al A2 A3 A4 A5 A6 

J0000. -39. .6987 -.197802 -.134319 -.0723203 -.0304433 -.00974030 -.00251684 
20000. -40. .2569 -.138429 -.0956246 -.0581643 -.0310565 -.0136696 -.00449523 
30000. -40. .7J30 -.0951522 -.0755129 -.0512811 -.0288118 -.0130297 -.00477600 
40000. -41. .1570 -.0957055 -.0666225 -.0426726 -.0245045 -.0119141 -.00390059 
$0000. -41. .5800 -.0821883 -.0654040 -.0420679 -.0203976 -.00620683 2 .458S1C-06 
60000. -41. .9647 -.0972904 -.0701222 -.0364437 -.0102495 .00215119 .00335803 
70000. -42. .3333 -.139674 -.0746309 -.0176390 .00996598 .0106575 -6 .599&1E-05 

See appendix for Chebyahev fit details. 



C-29 

H + He - > HCLymarO 
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Excitation Cross Sections for 
H • He -> B(2s,2p) 

H(2S) H(2p) 
Energy Cross Section Energy Cross Secti 
(eV/aw) (cm1) (eV/amu) (Cm1) 

6.0E+01 1.43E-18 ?.0E+01 1.87E-18 
7.0B+01 1.81E-18 4.0E+01 2.36F-17 
1.0E+02 3.04E-18 7.0E+01 4.33E-17 
2.0E+O2 6.70E-18 1.0E+02 5.22E-17 
4.0E+02 1.10B-17 2.0E+02 6.08B-17 
7.0E+02 1.29E-17 4.0E+02 6.30B-17 
8.6E+02 1.31E-17 7.0E+02 6.UB-17 
1.0E+03 I.30B-17 1.0E+O3 5.81E-1/ 
2.0E+03 1.10E-17 2.0B+03 5.16E-17 
4.0E+03 8.41E-18 4.0E+03 3.73E-17 
7.0E+03 6.54E-18 7.0E+03 2.58E-17 
1.0E+04 5.51E-18 1.0E>04 1.95B-17 
2.0E+04 4.15E-18 2.0E+04 1.01E-17 
4.0E+04 3.64E-18 4.0E+04 5.16E-18 
7.0E+04 2.67E-18 7.0E+04 4.52E-18 
1.0E+05 2.04E-18 1.0B+05 4.41E-18 
1.4E+05 1.59E-18 

References; 46, 639, 640, 641, 642, 643, 644, 645, 646, 648, 650 
Accuracy: 50% 
Motest (1) Excitation of an excited state is found by Measuring the 
emission from that state and correcting for cascades into that state. (2) 
The 2s state cross sections are found from the electric-field-induced 
transition (2s -> 2p -> Is). (3) If cascading is neglected the Lyman-a 
emission cross sections are equal to the 2p excitation cross sections. 

Chebvshev Fitting Parameters for Cross Sections 

H(2s) 
H(2p) 5"in ^ n 

6.0E+01 ev/amu, 
2.0E+01 ev/amu, -dX 1.4E+05 ev/amu 

1.0E+05 ev/amu 

A0 Al A2 A3 A4 A5 A6 
H(2») -80.0462 -.212384 -.933176 .333291 -.0922211 -.0813910 .00473762 
H(2p) -77.4567 -.447338 -1.40980 .577607 -.164863 .291318 -.0758830 

The fit represents the K(2s) cross section with an rms deviation <f 2.2%. 
The maximum deviation is 4.3% at 1.0E+05 ev/amu. 
The fit represents the H(2p) cross section with an rms deviation of 3.8%. 
The maxima- delation is 6.9% at 4.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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Excitation Cross Sections for 
H + He -> H(3s,3p,3d) 

-> H(3p+3d) 

H(3s) H(3p) H(3d) H(3pfr3d) 
Energy o Energy o Energy o Energy o 
(ev/amu) (OS 2) (ev/amu) (cm2) (ev/anu) (cm2) (ev/anpi) (cm2) 

1.5E+02 1.00E-18 5.0B+03 2.41E-18 1.0E+04 1.20E-18 1.SE+02 2.54E-1U 
2.0E+02 1.84E-18 5.5E+03 2.33E-18 1.3E+04 1.05E-18 2.0E+O2 3.28E-18 
4.0E+02 4.18E-18 6.0E+03 2.25E-18 1.5E+04 8.64E-I9 3.0E+02 4.24E-18 
6.CE+02 4.64E-18 7.0E+03 2.08E-18 ?.0E+04 5.96E-19 4.0E+02 4.41E-18 
7.0E+02 4.57E-18 8.0E+03 1.94E-1B 2.5E+04 4.88E-19 5.0E+02 4.33E-18 
1.0E+03 3.99B-18 9.0E+03 1.82E-18 3.0E+04 4.48E-19 6.0E+02 4.26E-18 
2.0E+03 2.74E-18 1.5E+04 1.38E-18 3.5E^04 4.41E-19 7.0E+02 4.17E-18 
4.0E+03 1.90S-18 2.0E+04 1.15B-18 8.0E+02 4.08E-18 
7.0E+03 1.46E-18 I 5E+04 1.02E-18 9.0E+02 4.02E-18 
1.0E+04 1.26E-18 3.0E+04 9.31E-19 1.0E+03 3.95B-18 
2.0E+04 9.39E-19 3.5E+04 8.75E-19 1.5E+03 3.70E-18 
3.5E+04 7.98E-19 4.0E+04 8.40E-19 2.0E+03 

2.5E+03 
3.50E-18 
3.36E-18 

References; 500, 601, 645 
Accuracy. See notes 
Botes; (1) The excitation cross section is found by Measuring the emission 
cross section from that state and correcting for cascade from measurements or 
using known transition probabilities. (2) Excitation cross sections are often 
inaccurate due to problems with the absolute calibration of the photon 
detector. 

ChffoyBhfY—Fitting Parameters for CroBS Sections 

H(3s) 
H(3p) 
H(3d) 
H(3p+3d) 

1.5E+C2 ev/amu, 
5.0E+03 eV/arau, 
1.0E+04 eV/amu, 
1.5E+02 ev/amu, 

3.5B+04 ev/a 
4.0E+04 ev/amu 
3.5E+04 ev/arj 
2.5E+03 eV/amu 

A0 Al A2 A3 A4 A5 A6 

H(3s) -81.8143 -.503310 -.548175 .379377 -.131005 .0123345 .0265299 
H(3p) -82.1981 -.551194 .00275721 .0217903 .00543228 .00224727 -.00356334 
H(3d) -83.6281 -.558730 .0544644 .0648205 -.0102011 -.00660745 .00511818 
H(3p+3d) -80.3437 .0712330 -.1983C0 .0790347 -.0161614 -.00946588 .0121131 

The fit represents the H(3s) cross section with an rms deviation of 0.5%. 
The maximum deviat'on is 1.1% at 1.0E+03 ev/amu. 
The fit represents the H(3p) cioss section with an rme deviation of 0.2%. 
The maximum deviation is 0.5% at 2.0E+04 ev/amu. 
The fit repieoents the H(3d; cross section with an rms deviation of 0.0%. 
The maximum deviation Is 0.j% at 2.0E+04 ev/amu. 
The fit represents the H(3p+3d) cross taction with «r, rms iteviation of 0.3%. 
ThP maximum deviation is 0.7% at 5.0E+02 ev/amu. 

See appendix for Chebyshev fit details. 
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H + he - > H(3s,3d,3p) 
H + He -> H(3p+3d) 
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C-34 

Spectral Line Emission Cross Sections for 
H + He -> H(Balmer-<i,Balmer-0) 

B(Balser-a) H(Balmer-e) 

Energy Cross Section Energy Cross Secti 
<e"/amu) (OS 2) (ev/amu) (tan2) 
3.0E+01 5.35E-20 4.0E+01 2.19E-20 
4.0E+01 2.73E-19 7.0E+01 8.&8E-20 
7.0E+01 9.03E-19 1.0E+02 1.51E-19 
1.0E+02 1.36E-18 1.5E+02 4.00E-19 
1-5E+02 3.47E-18 2.015+02 7.19E-19 
2.0E+02 5.11E-18 4.0E+02 1.88E-18 
4.0E+O2 8.99E-18 7.0E+02 2.28E-18 
5.0E+02 9.14E-18 l.OE+03 2.17E-18 
7.0E+02 8.77E-18 2.0E+03 1.73B-18 
l.OE+03 7.86E-18 2.5E+03 1.60E-18 
2.0E+03 6.22E-id 
4.0E+03 4.55E-18 
7.0E+O3 3.35E-18 
l,0E+O4 2.72E-18 
2.0E+04 1.64E-18 
3.0E+C4 1.39E-18 
3.5E+04 1.35E-18 

References: 500, 601 
Accuracy: 50% 

(1) The Balmer-o wavelength is 656.3nm and the Balmer-s wavelength is 
486.inn. (2) These cross sections are for the total line emission including 
cascade contributions and branching corrections. Balmer-a cross sactions are the 
SUM of 0(38) • 0.118 o(3p) + 0(4D> where the factor 0.118 Is the fraction of the 
3p state decaying by Balmer-a radiation. Balmer-s emission cross sections are 
for the n-4->2 transitions with the branching ratio of the 4s to 3p transition 
being 0.584. 

Chebvshev Fitting Parameters for Cross Sections 

H<Balmer-a) E ^ -
H(Ralmer-#) EĴ ,, « 

3.0E+01 ev/amu, E ^ ^ • 
4.0E+01 ev/amu, E ^ ^ -

3.5E+04 eV/amu 
2.5B+03 eV/amu 

AO Al 
H(Balmer-a) -81.8706 .929497 
H(Balmer-S) -84.3982 2.15229 

A2 
-1.66225 
-.976804 

A3 
.554407 
-.0709114 

A4 
-.0518605 
.119448 

A5 
.00374127 
.0571307 

A6 
-.0418064 
-.0675516 

The fit represents the H(Balmer-a) cross section with an rms deviation of 13.9%. 
The Maximum deviation is 35.9% at 1.0E+02 eV/amu. 
The fit represents the H(Balmer-B) cross section with an rms deviation of 3.6%. 
The maximum deviation is 8.7% at 1.0E+02 ev/amu. 

8*»e appendix for Chebyshev fit details. 
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H + He - > H„, H* a' ft 
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C-36 

Excitation Cross Sections for 
H • Be -> H(4s,4p+4d) 

H(4s) 
Energy Cross Secti 
(ev/ara) (Cm*) 

1.5E+02 1.30E-19 
2.0E+O2 2.60E-19 
3.0E+O2 4.77E-19 
4.0E+O2 6.75E-19 
5.0E+O2 8.10E-19 
6.0E+O2 8.78E-19 
6.4E+02 8.79E-19 
7.0B+O2 8.72E-19 
8.0E+02 8.40E-19 
9.0B+O2 7.99E-19 
1.0B+03 7.56E-19 
1.5E+03 6.06E-19 
2.0B+O3 S.21E-19 
2.5E+03 4.62E-19 

H(4p+4d) 
Energy Cross Section 

(ev/asu) (cm2) 
3.07E-19 
5.35E-19 
1.06E-18 
1.30E-18 
1.37E-18 
1.38E-18 
1.37E-18 
1.35E-18 
1.33E-18 
1.31E-1B 
1.23E-18 
1.19E-18 
1.16E-18 

1.5E+02 
2.0E+02 
3.OE+02 
4.0E+02 
5.0E+02 
6.0E+02 
7.06*02 
8.0E+02 
9.0E+02 
l.OE+03 
1.5E+03 
2.0E+03 
2.5E+03 

toft**"?*-- 6 0 i 

*rWTW- *>% 
Botes: (1) As far as we are aware only one measurement has been made of the 
n - 4 excited state formation. Thus, the stated accuracy only includes 
accountable errors. (2) These data have ignored any cascade contributions. 

Chebvs&ev Pitting Parameters for Cross Sections 

H(4s> 
H(4p+4d) 3sin 

^min 
1.5E+02 eV/aMu, 
1.5E+02 ev/amu, 

2.5E+03 ev/awu 
2.SE+03 sV/amu 

AO Al A2 
B(4s) -84.5175 .519837 -.602123 
H(4p+4d) -83.0777 .537485 -.440970 

A3 A4 A5 A6 
.107056 .0399676 .004711^4 -.0330016 
•1S9743 -.00409905 -.0305454 .0217549 

The fit represents the H(4s) cross section w;*h an rms deviation of 0.7%. 
The maximum deviation is 1.3% at 2.0E+03 eV/amu. 
The fit represents the H(4p+4d) cross section with an rms deviation of 0.6%. 
The maximum deviation is 1.1% at 1.5E+03 ev/a 

See appendix for Chebyshev fit details. 
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H + He - > K4s,4p+4d) 
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Cross Section vs. Energy 
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C-38 

H»(3lP) 

Excitation Cross Sections for 
H • He -> Be(3*P,3,P,3,D) 

He(3»P) Be(3*D) 

Energy o Energy o Energy o 
(eV/amu) <cma) (eV/scii) ( « l ) (ev/asu) (as1) 
1.0E+04 5.60E-20 1.0E+04 9.67E-19 1.0E+04 1.60C-19 
1.3E+04 1.16E-19 1.3E+04 1.16E-18 1.3E+04 2.19E-19 
1.5B+04 1.79E-19 1.5E+04 1.18E-18 1.4E+04 2.37E-19 
1.8E+04 2.19E-19 1.8E+04 1.04E-18 1.5B+04 2.32E-19 
2.0E+04 2.53E-19 2.0E+04 8.64E-19 1.8E+04 1.95B-19 
2.3E+04 2.83E-19 2.3E+04 7.19E-19 2.0E+04 1.62E-19 
2.5B+04 3.14E-19 2.5E-HM 5.?3E-19 2.3E+04 1.37E-19 
2.8E+04 3.46E-19 2.8E+04 4.92E-19 2.5E+04 1.17B-19 
3.0E+04 3.75E-19 3.0E*04 4.07E-19 2.8E+04 1.00B-19 
3.3E+04 4.01E-19 3.3E+04 3.33E-19 3.0E+04 8.62E-20 
3.5E+04 4.29E-19 3.5E+04 2.72E-19 3.3E+04 

3.5E+04 
7.57E-20 
6.86E-20 

References; 166, 678, 683, 684 
Accuracy; Unknown 
Botes; (1) Only one absolute measurement of cross sections for excitation of 
these states has been made. See; van Ecfc et al. (Ref. 678). These data have 
been corrected in the review papers of de Reer (Ref. 166) and Thomas (Ref. 
684). The corrected values are probably too low by a factor of 2-3. 

Chebvshev Fitting Parameters for Cross Sections 

He(3'P) E^,, - 1.0E+04 eV/amu, 
He(3*P) E # l n » 1.0E+04 eV/amu, 
He(3'D) E^,, - 1.0E+04 eV/amu, 

E,,^ - 3.5E+04 ev/a 
E,,^ - 3.5E+04 ev/asHi 
Z^x - 3.5E+04 ev/asu 

AO Al 
He(3'P) -86.1894 .957980 
Be(3*P) -83.6070 -.65416''. 
He(3*D) -66.8654 -.503446 

A2 A3 
-.222479 .0796768 
-.317139 .0375222 
-.290764 .103755 

A4 
-.00575983 
-3.81314B-04 
-.00276954 

A5 
-.0194864 
-.0176396 
-.0224516 

A6 
.0121076 

.00667369 
.0247251 

The fit represents the He(3*P) cross section with an rms deviation of C.3%. 
The maximum deviation is 0.6% at 1.8E+04 ev/amu. 
The fit represents the He(3'P) cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.3% at 2.0E+04 ev/a 
The fit represents the He(3*D) cross section with an rms deviation of 0.4%. 
The maximum deviation is 0.8% at 1.8Z+04 eV/amu. 

See appendix for Chebyshev fit detail*. 
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H + He - > He(3'P,33P,33D) 
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V = H(3'D) 
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C-40 

He(4*S) 

Excitation Cross Sections for 
H + He -> He(4lS,4,P»41D) 

HeM'P) He(4ID) 
Energy c Energy o Energy o 
(ev/amu) (cm*) (ev/amu) (as2) (ev/aam) [cm3) 

1.0E+04 2.87E-19 1.0E+04 6.19E-20 1.0E+04 5.34E-20 
1.5E+04 3.64E-19 1.3E+04 1.30E-19 1.5E+04 8.41B-20 
2.08+04 4.09*-19 1.5B+04 1.92E-19 2.0E+04 9.12E-20 
2.56+04 4.34E-19 2.0E+04 3.03E-19 2.5E+04 8.01E-20 
3.OE+04 4.34E-19 2.5B+04 3.80E-19 3.0E+04 7.68E-20 
3.5E+04 4.27E-19 3.0E+O4 4.48E-19 3.0E+04 7.728-20 
4.08+04 4.08E-19 3.5E+04 5.138-19 3.7E+04 8.87E-20 
4.58+04 3.888-19 4.0E+04 8.79E-20 
5.08+04 3.688-19 4.5E+04 8.51B-20 
5.58+04 3.S1E-19 5.0B+04 8.48E-20 
6.08+04 3.33E-19 5.5E+04 8.24E-20 
6.58+04 3.108-19 6.0E+04 7.83E-20 
7.08+04 2.81E-19 6.5E+04 7.27E-20 
7.58+04 2.48E-19 7.08*04 6.66E-20 
8.08+04 2.20E-19 7.5B+04 6.28E-20 
8.58+04 1.97E-19 8.0E+04 6.00E-20 
9.08+04 1.80E-19 8.5E+04 5.81E-20 
9.58+04 1.698-19 9.0E+04 5.62E-20 
1.08+05 1.61E-19 9.56+04 

1.0E+05 
5.47B-20 
5.34E-20 

References: 166, 677, 678, 679, 684 

4wmanr.: E > 2x10' eV/asu - 40% 
E < 2x10' eV/ami - Unknown 

(1) The data have been obtained by Measuring the line emissions for the 
following transitions: (a) 4*8 -> 22P, 504.7nm, (b) 4*D -> 2*P. 492.2ms, (c) 
4*P -•• 2*8, 396.5nm. (2) The cross section data have been corrected for cascades 
using known transition probabilities. (3) The corrected data of Van Eck et al. 
(Ref. 678) - (see corrections of de Heer Ref. 166 and Thomas Ref. 684) have 
been normalized to the data of Blair et al. (Ref. 677) at 2x10' ev/anu for the 
4*8 and 4*D states. 

Chebvshev pittino Parameters for Cross Sections 

He(4'S) t m l n * 1.0E+04 ev/asw, Z^^ 
He(4'P) t m i n - 1.0E+04 ev/aau, t^^ 
He(4*D) E m i n - 1.0E+04 eV/asM, E ^ ^ 

1.0E+05 eV/asM 
3.5E+04 eV/asiu 
1.0E+05 eV/amu 

AO Al A2 A3 A4 A5 A6 
He(4'8) -85.2953 -.236370 -.375570 -.0526312 1.43777E-04 -.00898368 .0314058 
He(4'P) -85.8813 .991657 -.212955 .0558510 -.00900116 .00987058 -.00878102 
He(4'D) -88.1942 -.0703862 -.233023 .0274405 -.0616908 .0587687 .0287005 

The fit represents the He(4'S) cross section with an rms deviation of 1.7%. 
The maximum deviation is 2.7% at S.OE+04 eV/amu. 
The fit represents the He(4lP) cross section with an rms deviation of 0.1%. 
The maximum deviation is 5.0% at 1.2E+04 ev/amu. 
The fit represents the He(4,0) cross section with an rms deviation 
The maximum deviation is 5.3% at 2.9E+04 ev/amu. 

of 3.1%. 

See appendix for Chebyshsv fit details. 
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C-42 

Excitation Cross Sections for 
H t He -> He(4,S,4,P,43D) 

He(4 *S) 
Energy 0 

(eV/amu) (cm2) 
1.0E+04 3.69E-19 
1.5E+04 8.38E-19 
2.0E+O4 1.00E-18 
3.0E+04 8.70E-19 
4.0E+04 5.43E-19 
5.0E+04 3.56E-19 
6.0B+04 2.48E-19 
7.0E+04 1.79E-19 
8.0E+04 1.25E-19 
9.0E+04 9.92E-20 
1.0B+05 8.50R-20 

He(43P) He(43D) 
Energy o 
(eV/amu) (CIB1) 

1.0E+04 8.78E-19 
1.2E+04 1.08E-18 
1.4E+04 1.15B-18 
1.5E+04 1.15E-18 
2.06+04 8.82E-19 
2.5B+04 6.05E-19 
3.0E+O4 4.1JE-19 
3.5E+04 3.00E-19 

Energy a 
(ev/amu) (cm*) 
1.0E+04 1.59E-19 
1.5E+04 2.06E-19 
2.0E+04 1.71E-19 
2.5E+04 1.33E-19 
3.UE+C4 9.92B-20 
3.5E+04 8.03E-20 
4.0E+04 6.71F.-20 
5.0E+04 5.21B-20 
6.0E+04 4.36B-20 
7.0EM)4 3.80E-20 
8.0E+04 3.38E-20 
9.0B+04 3.05E-20 
l.OE+05 2.BOB-20 

References; 166, 677, 678, 684 
Accuracy; E > 2x10' ev/anni - 40% 

E < 2yl0' eV/anu - Unknown 

(1) The data have been obtained by measuring the line emissions for 
Ute following transitions: (a) 43S -> 2'P, 471.3nm, (b) 4JP -:• 2*S, 318.3nm, 
(c) 4'D -> 23?, 447.Inm. (2) The cross section data have been corrected 
for cascading using known transition probabilities. (3) The corrected data 
of Van Eck e', al. (Ref. 678) - (see corrections of de Heer Ref. 166 a.id 
Thomas, Ref. 684) have been normalized to the data of BJair et al. (Ref. 
677) at 2x10* ev/amu for the 4'S and 4:D states. 

Chebvshev Fitting Parameters for Cross Sections 

He(4'8) 
He(4*P) 
He(4'D) B ^ 

fmin 
"min 

1.0E+04 eV/am»i, 
1.0E+04 ev/amu, 
1.0E+04 eV/*mu, 

Bmax * l.OE+05 eV/arau 
Emax = 3 - 5 E + ° 4 ev/amu 
Zmax - l.OE+05 eV/amu 

A0 
•84.9236 
-83.6191 

He(4»S) 
He(4'P) 
Ke(4'D) -87.8723 -1.03617 

Al 
-.910048 
.587215 

A2 
.757778 
.319615 
.177049 

A3 A4 A5 
.164455 .0260068 -7.50878E-04 
.0516334 .0108396 -.00143124 
.184100 -.0530501 -.0167810 

A6 
.00468518 
.00476885 
.0122418 

The fit represents the Ho(4*S) cross section with an rms deviation of 2.2%. 
The maximum deviation is 2.6% at 8.0E+04 ev/amu. 
The fit represents the He(4'p> cross section wit.h an rms deviation of 0.2%. 
The maximum deviation is 0.5% at 1.4E+04 ev/amu. 
The fit repiesents the He(4'D) cross section with an rms deviation of 0.6%. 
The maximum deviation LB 1.1% at ">.0Ft04 ev/amu. 

See appendix for Chebynhev fit detaije. 
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C-44 

Excitation Cross Sections for 
H* + H -> H* + H(2s,2pj 

H(2s) 

»^f?F e n c?8 ; H(2B) - 12, 14 
H(2p) - 14, 17, 712 

H(2p) 
Energy Cross Section Energy Cross Section 
(ev/aau) (c-2) (eV/aau) (c*1) 

5.0E+03 5.42E-18 5.0E+02 2.43E-18 
6.0E+03 5.38E-18 6.0E+02 8.90E-18 
7.0E+03 5.36E-18 7.0E+02 1.64E-17 
8.0E+03 5.40E-18 8.0E+02 2.03E-17 
9.0E+03 5.43E-18 9.0E+02 2.25E-17 
1.0E+04 5.54E-18 1.0E+03 2.41E-17 
1.2E+04 S.87E-18 1.5E+03 2.73E-17 
1.5E+04 8.62E-18 2.0E+03 2.80E-17 
2.0E+04 1.04E-17 3.0E+03 2.91E-17 
2.5E+04 1.06E-17 4.0E+03 2.97B-17 

5.0E+03 3.02B-17 
6.0E+03 3.06E-17 
7.0B+03 2.98E-17 
8.0E+03 2.78E-17 
9.0E+03 2.56E-I7 
1.0E+04 2.40E-17 
1.1E+04 2.35B-17 
1.5E+04 2.81B-17 
2.0E+04 3.65E-17 
3.0B+04 5.50B-17 

Accuracy; B(2s) - Unknown 
H(2p) - 40% 

Motes; (1) Since the cascading into the 2p state is less than 5%, the 
cross section for excitation of the 2p state is essentially the sane as 
Lyaan-a Mission cross section. The 2p data has not been corrected for 
cascading. (2) The two sets of data for the 2s state differ by a factor 
of 2 to 3. 

Chebvshev Fitting Parameters for Cross Sections 

H(2s) 
H(2p) Emin 

Siin 
5.0E+03 eV/arau, 
5.0E+02 eV/a hoax 

emax 
2.5E+04 ev/amu 
3.0E+04 eV/amu 

A0 Al A2 A3 A4 AS A6 
H(2s) -78.9900 .401365 .09*0849 -.0759638 -.0649979 .00791412 .0468211 
H(2p) -76.6674 .854989 -.357230 .529756 -.161903 .168930 ~,136550 

The fit represents the H(2s) cross section with an rms deviation of 2.3%. 
The maximum deviation is 4.8% at 1.2E+04 ev/amu. 
The fit represents the H(2p) cross section with an rms deviation of 3.7%. 
The maximum deviation is 6.3% at 1.1E+04 eV/amu. 

See appendix for Chebyshev fit details. 
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C-46 

Excitation Pate Coefficients for 
H* • H -> H* • H(2p) 

Maxwellian - Maxwellian Rate Coefficients (cm3/a) 

(*») 
Bqcal 

500. 750. 1000. 
B T»up. ( • » ) 
1250. 5 1 0 0 . 10000. 2*000. 

5.0E*02 1.16E-09 1.16E-09 1.39E-09 1.S8E-09 1.7SE-09 3.33E-09 4.11B-09* 3.43E-09I 
7.51*02 1.S8E-09 1.39E-09 1.588-09 1.75E-09 1.90E-09 3.41E-09 4.11B-09* 3.41E-09I 
1.0E«03 1.90K-09 1.588-09 1.75E-09 1.90E-09 2.03E-09 348E-09 4.118-09* 3.39E-09I 
1.3E»03 2.16E-09 1.75E-09 1.90E-O9 2.03E-09 2.168-09 3.55E-09 4.118-09* 3.36E-09I 
1.5E*03 2-38E-09 1.908-09 2.03E-09 2.16E-09 2.27B-09 3.61B-09* 4.11E-09* 3.34E-09I 
l.SE*03 2.59K-09 2.03E-O9 2.161-09 2.27E-09 2.36E-09 3.57E-09* 4.108-09* 3.31E-03I 
2.GE*03 2.80B-09 2.168-09 2.27E-09 2.38E-09 2.49E-09 3.73E-09* 4.108-09* 3.29E-09I 
3.0EO3 3.48S-09 2.59S-09 2.70E-09 2.80E-09 2.89E-09 3.91B-09* 4.06E-09* 3.20E-09* 
4.0B*03 3.91E-09* 2.998-09 3.06E-09 3.17B-09 3.25E-09 4-038-09* 4.008-09* 3.UE-098 
S.0EO3 4.09B-09* 3.338-09 3.41E-09 3.48B-09 3.55E-09 4.098-09* 3.93E-09I 3.02E-09I 
6.0K»03 4.10E-09' 3.61B-09* 3.678-09* 3.73B-09* 3.78E-09* 4.118-09* 3.85E-09I 2.941-09* 
7.0B*03 4.008-09* 3.63E-09' 3.07E-09* 3.91E-09* 3.94E-09* 4.10E-09' 3.76E-09I 2.85E-09I 
•.01*03 3.85E-094 3.988-09* 4.00E-09* 4.03E-09* 4.05E-09* 4.06E-09* 3.67E-09* 2.77E-098 
9.01*03 3.67E-09I 4.07E-09* 4.08E-09* 4.09E-09* 4.10E-09* 4.00E-09* S.58E-09I 2.70E-C9* 
1.0K*04 3.48E-098 4.I1E-09* 4.US-09* 4.11E-09* 4.11E-09* 3.93E-09I 1.48E-09I 2.62E-094 
1.2K*04 3.11E-09* 4.088-09' 4.07E-09* 4.06E-09* 4.05E-09* 3.76E-09I 3.29«-09f 2.4BE-09* 
1.5E»04 2.62E-09I 3.69E-098 3-87E-09* 3.85B-09I 3.83E-09I 3.46E-09I 3.02E-09I 2.29E-09I 
2.0E*04 2.02E-09I 3.43E-09* 3.41E-09* 3.39E-09I 3.36E-09I 3.02E-09* 2.62E-09I 2.02E-094 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvenev Fitt ing Paraweters for Cross Sections 

^ n 5.0E+02 ev. Emax 2.0E+04 ev 

Taap. 
(•V) A0 Al A2 A3 A4 A5 A6 

800. -39.7100 .631450 -.153568 -.0909606 -.0319929 2.01116E-04 .00981582 
750, -19.5923 .543848 -.1282*3 -.0971754 -.0299354 .00227565 .00859152 
1000. •39.4997 .476362 -.113723 -.0995434 -.0281721 .00377301 .00746751 
1250. -39.4237 .421755 -.105511 -.0997654 -.0264000 .00472594 .00647274 
5000. -38.9001 .0101105 -.108649 -.0609619 -.0111639 .00213821 .00141014 
10000. -38.8452 -.187122 -.105864 -.0371107 -.00676512 2.66271B-04 5.36963E-04 
20000. -39.3124 -.240533 -.0956162 -.0251663 -.00414691 -1.62169E-04 1.567S3E-04 
Equal Taap. -39.7457 .353158 -.421145 -.103566 -3.86751E-04 .272166 -.00215367 

See appendix for Chebyshev f i t de ta i l s . 
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H* + H - > H* + H(2p) 
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Excitation Cro6s Sections for 
H* • B -> H* • H(n~2,3,4i 

H(n=2) H{n=3» H(n=4) 
Energy o Energy o Energy o 
(ev/aau) tern2) (ev/amu) (cm*) jeV/amu) (OB*) 

1.5E+04 3.43E-17 1.5E+04 1.09E-17 2.5E+04 7.69E-18 
2.0E+04 5.22E-17 2.0E+04 1.29E-17 3.0B+04 S.68E-18 
2.5E+04 6.645-17 2.5E+04 I.53E-17 4.0E+04 1.02E-17 
3.06*04 7.89B-17 3.OE+04 1.80E-17 5.0E+04 1.12E-17 
4.0E+04 9.59E-17 4.0E+04 2.33B-17 6.0B+04 1.18E-17 
5.0E+04 1.05E-16 5.0E+C4 2.54E-17 7.0E+04 1.19E-17 
5.5E+04 1.07E-16 6.0E+04 2.51E-17 8.0E+04 1.18E-17 
6.0E+04 1.07E-16 7.0E+04 2.42E-17 9.0E+04 1.14E-17 
7.0E+04 1.03E-16 8.0E+04 2.32E-17 1.0E+05 1.10B-17 
8.0E+04 9.72E-17 9.0E»04 2.21E-17 l.SB+05 9.06E-18 
9.0E+04 9.28E-17 1.0E+05 2.14E-17 2.06+0- 7.69E-18 
1.0E+05 B.90E-17 1.5E*05 1.70E-17 
1.5E+05 7.48E- 17 2.0E*05 1.36E-17 
2.0E+05 6.53E-17 

References; 70S, 710, 711 
Accuracy: 40% 
Botes; (1) These cross sections were determined by Measuring the energy loss 
of the incident proton beam after passing through an H target. The energy 
resolution was not sufficient to separate the nl levels. (2) To obtain absolute 
cross sections the results were normalized to the Born approximation of Bates 
and Griffing (Ref. 711) at 200 keV. 

Chebvahev Fitting Parameters for Cross Sections 

« "-2 fmin " 
H< n' 3> fmin " 

1.5E+04 eV/amu, 
1.5E+04 ev/amu, 
2.5E+04 eV/amu, 

2.OE+05 eV/t 
2.0E+05 ev/aau 
2.0E+05 ev/amu 

A0 Al A2 A3 A4 A5 A6 
H(n-2) -74,4276 .262934 -.306115 .0616937 .0293129 -.00255599 -.0190829 
H(n-3> -77.2728 .149236 -.351549 -.0157777 .0571627 -.0247442 -.0161701 
H(n-*) -78.4118 -.00702352 -.213691 .00801652 .0182541 -8,70179E-04 -.00538651 

The fit represents the H(n-2) cross section with an rms deviation of 0.5%. 
The maximum deviation is 0.9% at 8.0E+04 ev/amu. 
The fit represents the H(n-3) cross section with an rme deviation of 1.2%. 
The maximum davlation is 1.5% at 7.0E+04 ev/amu. 
The fit represents the H(n-4) cross section with an rms deviation 
The maximum deviation is 0.2% at 5.0E+04 ev/amu. 

of 0.2%. 

SJ« appendix for Chebyshev fit details. 
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H* + H - > rkn=2,3,4) Target 
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Dissociative Excitation Cross Sections for 
H* • H 2 -> B* • H(2'",2p) • H 

H(2s) H(2p) 
Energy Cross Section 
(ev/asu) (cm1) 
5.0E+03 1.32E-18 
7.0E+03 3.59E-18 
1.0E+04 4.70E-18 
l.SE+04 5.73E-18 
2.0E+04 6.38E-18 
4.0E+04 7.69E-18 
7.0E+04 8.00E-18 
1.06*05 7.88E-18 
1.5E+05 7.04E-'8 
2.0E+05 6.23E-18 
4.0C+05 4.18E-18 
7.0E+05 2.75E-18 
1.0E+06 2.00E-18 

Energy 
(eV/amu) 
4.0E+03 
7.0E+03 
1.0E+04 
1.5E+04 
2.0E+04 
4.0E+04 
7.0E+04 
1.0E+05 
1.5E+05 
2.0E+05 
4.0E+05 
7.GE+05 
1.0E+06 

Cross Section 
(cm*) 

6.36E-18 
1.84E-17 
2.76E-17 
3.12E-17 
2.96E-17 
2.14B-17 
1.48E-17 
1.21E-17 
9.23E-18 
7.42E-1B 
4.34E-18 
2.81E-18 
2.14E-18 

References; 122, 124, 129, 649 
Accuracy: 50% 
Botes; (1) The 2s cross section has been Measured by field-induced 
eaission of Lyman-a radiation (2s -> 2p -> Is). If cascade is neglected, 
this is equal to the cross section for H(2s) formation. I1\ The 2p cross 
section was determined by Measuring the Lyman-a emission. If cascade is 
neglected, this IK equal to the cross section for H(2p) formation. 

Chebvsnev Fitting Parameters for Cross Sections 

H(2s) 
H(2p) Rin 

nin 
5.0E+03 eV/amu, 
4.0E+03 eV/i 

1.0Et06 ev/a 
1.0E+06 eV/amu 

A0 Al A2 A3 A4 Ab A6 

H(2S) -80.1116 -.0216909 -.735933 .117161 -.0952706 .0960395 -.0678792 
H(2p) -78.5492 -.910686 -.758592 .347330 -.131263 .0249389 .0249642 

Th* fit represents the H(2s) cross section with an rms deviation of 3.1%. 
The maximum deviation is 5.9% at l.OE+04 eV/amu. 
The fit represents the H(2p) cross section with an rms deviation of 1.6%. 
The maximum deviation 19 2.5% at 7.0E+O3 ev/amu. 

See appendix for Chebyshev fit details. 
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H* + H. - > H+ + H(2s,2p) 
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Dissociative Excitation Cross Sections for 
H* • Hj -> B* * H(3p) • H 

Energy V e l o c i t y Cross S e c t i o n 
fev/aau} ( c s / s ) Co» s) 

1.5C+04 1.70E+O8 1.99E-18 
1.6C*04 1.76E+08 2 .14B-18 
1.7E+C4 1.81E+08 2 .25E-18 
1.8B+04 1.86E+08 2 .34B-18 
1.9E+04 1.91E+0B 2.38E-18 
2.08+04 1.96r?3« 2 .39B-18 
2.1E+04 2.01E+O8 2.36E-18 
2.2E+04 2.Q6E+08 2 .31E-18 
2.3B+04 2.11E+08 2 .24E-18 
2.4E+04 2.15E+08 2 .16E-18 
2.5E+04 2.20E+O8 2.07E-1B 
2.6E+04 2.24E+OS 1 .956-18 
2.7E+04 2.28E+08 1.81E-18 
2.88+04 2.32E+08 1.65E-18 
2.9E+04 2.378+08 1.45C-18 
3.0B+04 2.41E+OB 1 .206-18 

MmJKT' 30% 
SQtfSf The cross sections for H(3p) fonaation deduce<i frost estiaaion 
seasuxesents on the (unsubstantiated) assumption that cascade say be 
neglected. 

Chebvahev Pitt ing Paraaeters for Cross Sections 

E^,, « I . S B + 0 4 ev/aau, E | M H - 3.0E+04 ev/aaai 

AO Al A2 A3 A4 A 5 A6 

-81.5)59 -.198605 -.205491 -.0404366 -.0225806 -.0130785 -.00450361 

The f i t represents the above cross section with an m s deviation of 0.2%. 
The Muoiimm deviation i s 0.4% at 2.7E+04 eV/aau. 

See appendix for Chebyshev f i t de ta i l s . 
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H* + H, - > H(3p) Target 
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Spectral Line Eaiesion ?ross Sections for 
H* + B 2 -> H(I>yaan-a) 

Energy velocity Cross Section 
ev/asu) icm/s) (c«*) 

5.08+02 3.11E+07 6.56E-18 
7.06+02 3.68E+07 9.30E-18 
1.08+03 4.39E+07 1.31B-17 
1.58*03 5.388+07 1.86E-17 
2.0B+03 6.21E+07 2.358-17 
4.0E+03 8.79E+07 3.74E-17 
7.0E+03 1.168+08 4.988-17 
1.0E+04 1.39E+08 5.688-17 
1.58+04 1.70E+08 6.178-17 
2.0E*O4 1.96E+08 5.50E-17 
4.08+04 2.78E+08 2.788-17 
7.08+04 3.68E+08 1.77E-17 
1.08+05 4.39E+08 1.40E-17 
1.48+05 5.2OE+08 1.20E-17 

References; 188, 194, 195, 676 
Accuracy; 50% 
Bote: Cross sections correspond to 121.57nm esdssion resulting froa 
dissociative excitation of Bj by proton iapact. 

Chebvshev fitting Parameters for Cross Sections 

t m i n - 5.0E+02 ev/aau, B,,,̂  •* 1.4E+05 eV/aaw 

AO Al A2 A3 A4 A5 A6 
-76.9471 .268573 -.911806 -.0361054 .132508 .0699171 -.00698679 

The fit represents the above cross section with an ras deviation of 4.5%. 
The MxiMiM deviation is 10.4% at 4.0E+04 ev/anu. 

See appendix for Chebyshev fit details. 
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H* + H 2 - > Lya Torget 
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Spectral Line Emission Cross Sections for 
H* + H 2 -> H(Balmer-a,Balmer-fi,Balmer-T) 

He *r 
Energy o Energy a Energy o 
(ev/amu) (cm2) (ev/amu) (cm2) (ev/amu) (cm2) 
1.5B+03 2.09E-19 5.0E+03 1.75E-19 1.0E+04 1.00E-19 
2.0E+03 2.70E-19 6.0E+03 2.37E-19 1.4E+04 1.09E-19 
4.0E+03 5-80E-19 7.0E+03 2.98E-19 1.5E+04 1.08C-19 
7.0E+03 1.51E-18 8.0E+03 3.53E-19 2.0*5+04 9.91E-20 
1.0E+04 2.24E-18 9.0E+03 3.95E-19 3.0E+04 7.64E-20 
1.5B+04 2.62E-18 1.0E+04 4.28E-19 4.0E+04 6.00E-20 
2.0E+04 2.44E-18 1.5E+04 4.70B-19 5.0E+04 4.93E-20 
4.0E+04 1.55E-18 2.0E+04 4.22E-19 6.0E+04 4.21E-20 
7.02+04 9.06E-19 3.0E+04 3.00E-19 7.0E+04 3.59E-20 
1.0E+05 6.50E-19 4.0E+04 2.29E-19 8.0E+04 3.29E-20 
1.5E+05 4.57E-19 5.0E+04 1.88E-19 9.0E+04 2.96E-20 
2.0E+C5 3.57E-19 6.0E+04 1.59E-19 1.OE+05 2.70E-20 
4.0E+05 1.966-19 7.0E+04 1.37E-19 1.5E+05 1.87E-20 
7.0E+05 1.20E-19 8.0E.04 1.21E-19 2.OE+05 1.46E-20 
1.0E+06 8.90E-20 9.0E+04 1.08E-19 3.OE+05 1.02E-20 

I.OE+05 9.78E-20 4.0E+05 7.97E-21 
1.5E+05 6.72E-20 5.OE+05 6.52E-21 
2.0E+05 5.18E-20 6.0E+05 5.57E-21 
3.0B+05 3.60E-20 7.OE+05 4.88E-21 
4.OE+05 2.75E-20 8.OE+05 4.38E-21 
5.CE+05 2.25E-20 9.0E+05 3.98E-21 
6.OE+05 
7.OE+05 
8.OE+05 
9.OE+05 
I.OE+06 

1.90E-20 
1.66E-20 
1.46E-20 
1.32E-20 
1.19E-20 

1.0E+06 3.65E-21 

References: 133, 139, 655 
Accuracy: 50% 
Botes: (1) The data correspond to Balmer-series emission resulting frrm 
dissociative excitation of H 2, and have been normalized in the high energy 
region to data of Edwards and Thomas (Ref. 655). (2) Differences in 
magnitudes of the reported cross sections for each transition are due to 
differences in calibration between the experimental systems. (3) The 
wavelengths are as follows: H„ 656.28nm; He»486.13nm; HT"434.05nm. 

Chebvshev Fitting Parameters for Cross Sections 

A0 

^ n 
Emin 
Emin 

Al 

1.5B+03 eV/amu, 
6.0E+03 eV/amu, 
1.0E+04 ev/amu, 

A2 A3 

"max 
?max 
"max 

1.0B+06 eV/amu 
1.0B+06 ev/amu 
1.0E+06 ev/amu 

A4 A5 A6 
1.28581 .366073 .150564 -.204615 .0536705 
-.434179 .278457 -.129747 .0301375 .0113784 
.168084 .119053 -.0545231 .0225899 -.00228634 

H„ -84.6647 -.627902 
H B -87.6626 -1.78903 
Hy -90.3588 -1.79519 

The fit represents the H a cross section with an rms deviation of 5.4%. 
The maximum deviation is 12.3% at 4.0E+03 ev/amu. 
The fit represents the HA cross section with an rms deviation of 1.4%. 
The maximum deviation is 3.1% at 4.0E+04 ev/amu. 
The fit represents the H T cross section with an rms deviation of 0.4%. 
The maximum deviation is 0.8% at 5.0E+04 ev/amu. 
See appendix for Chebyshev fit details. 
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Spectral Band Emission Cross Sections for 

H* • H2 -> H* • H2* 

160. .6nm Band 
Energy Cross Section 
(ev/amu) (OB 1) 

7.0E+03 2.17E-18 
8.0E+03 2.31E-18 
9.0E+03 2.44E-18 
l.OE+04 2.56E-18 
J.5E+04 3.00E-18 
2.0E+04 3.30E-18 
3.0E+04 3.69E-18 
4.0E+04 3.84E-18 
5.0E+04 3.87E-18 
6.0E+O4 3.83E-18 
7.0E+04 3.76E-18 
8.0E+04 3.67E-18 
9.0E+04 3.55E-18 
1.0E+05 3.42E-18 
1.3B+05 3.01E-18 

418.Onm Band 
Energy Cross Section 

(eV/amu) (OS*) 

1.5E*05 8.06E-21 
2.0E+05 6.25E-21 
2.5E+05 5.06E-21 
3.0E+05 4.21E-21 
3.5E+05 3.62E-21 
4.0E+05 3.17E-21 
5.0B+O5 2.S4E-21 
6.0E+05 2.11E-21 
7.0E+05 1.81E-21 
8.0E+05 1.59E-21 
9.0E+05 1.39E-21 

References; 194, 654 

Accuracy: 50% 

» o ^ The 160.6m Band i s the Lyman band of H2 (B ' V -> * "r^*, (4 ,11) , (S,12) 
and (6,13)]. 
(1,0)|. 

The 418.Onm Band of H 2 is for the transitions (3d -> 2P 1 V 

Chebvshev Fitting Parameters for Cross Sections 

160.6 nm 
418.0 nm 5«iin 

Siin 
7.0E+03 ev/amu, 
1.5E+05 ev/amu. Emax 

Siax 
1.3E+05 ev/amu 
9.0E+05 eV/amu 

A0 

160.6 am -60.6464 
•18.0 mi -94.2526 

Al A2 A3 A4 A5 A6 

.194014 -.161339 -.0301739 -.00212964 3.13808E-04 -.00210886 
-.861302 -.0131335 .0037161} -.00433338 -6.45602E-04 -.00196489 

The fit represents the 160.6nm emission cross section with an rms deviation 
ot 0.2%. 
The maximum deviation is 0.3% at 2.0E+04 ev/amu. 
The fit represents the 418.Onm emission cross section with an rms deviation 
of 0.2%. 
The maximum deviation is 0.3% at 7.0E+05 eV/amu. 

See appendix for Chebyshev fit details. 
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C-60 

Excitation Cross Sections for 
H* + He -> H* + He*(2lS,2xP) 

H* • He*(2*S • 2*P) 

He(2'S) lte(2lP) He(2's + 2'P) 

Energy o Energy o Energy o 
(ev /a«u) (car1) (ev/aani) ( c 1 ) (eV/aau) ( C M 2 ) 

2.5E+04 3.79E-18 2.3E+04 2.00E-18 2.3E+04 5.38E-18 
3.0E+04 4.52E-18 2.5E+04 2.44E-18 3.0E+04 7.52E-18 
3.5E+04 5.28E-18 3.0E+04 3.44E-18 4.0E+04 1.12E-17 
4.0E+04 6.05B-18 3.5E+04 4.61E-18 5.0E+04 1.47E-17 
4.5E+04 6 .68E-18 4.0E+04 5.76E-18 6.0E+04 1.50E-17 
5.0E+04 6.87E-18 4.5E+04 6.91E-18 7.0E+04 1.48E-17 
5.5E+04 6.59E-18 5.0E+04 7.65E-18 8.0E+04 1.55E-17 
6.0E+04 6.22E-18 5.5E+04 7.96E-18 9.0E+04 1.71E-17 
7.0E+04 5.33E-18 6.0E+O4 8 .395-18 1.0E+05 1.79B-17 
8.0E+04 4 .94E-18 7.0E+04 9.39E-18 1.3E+05 1.62E-17 
9.0B+04 S.16E-18 8.0E+04 1.08E-17 
1.0E+05 5.43E-18 9.0E+04 

1.0E+05 
1.2E+05 
1.5E*05 
2.0E+05 
2.5E+05 
3.0E+0b 
3.5E+05 
4.0E+05 
5.0E+05 
6.0E+05 
7.0E+05 
8.0E+05 
9.0E+05 
1.0E+06 

1.23E-17 
1.36E-17 
1.43E-17 
1.35E-17 
1.21E-17 
1.10E-17 
1.01E-I7 
9.32E-18 
8.71E-18 
7.80E-18 
6.91E-18 
6.31E-18 
5.88E-18 
5.52E-18 
5.23B-18 

References: 665. 680, 681 , 682 

Accuracv: E < 1. ,5x10 s eV/amu - 50% 
E > 1. .5x10 s ev/amu - 30% 

Motet For angular distributions 
(Ref. 665). 

see Park et al. (Ref. 681), and Kvale et 

Chebvshev Fitting Parameters for Cross Sections 

U ' 1 2 1 1 
H«'(2*P) 

•(2'» 

He*(2*8) 
He*(2'P) 
He'(2'S 2lP) 

2'P» 

A0 

-79.6082 
-79.1761 
-77.9705 

Emin ' 
^ i n * 

Emin " 

2.5E+04 
2.3E+04 
2.3E*04 

eV/amu, 
eV/amu, 
eV/amu, 

^ a x 
Emax " 
Emax " 

1.0E+05 
1.0E+06 
1.3E+05 

eV/amu 
ev/amu 
ev/amu 

Al A2 A3 A4 AS A6 

.117211 

.318296 
598490 

- . 1 7 9 7 2 0 
- . 694295 
- . 1 9 0 0 5 6 

.0616470 

.161212 
.0136746 

.0764221 

.0240081 

.00624072 

.00195915 
- . 0 0 3 9 5 4 0 3 
- . 0619807 

- . 0 2 7 3 9 4 4 
- . 0 2 6 5 4 1 1 
- . 0 4 4 0 0 1 5 

The fit represents the He*(2'S) cross section with an rnts deviation of 0.5%. 
The maximum deviation is 0.7% at 8.0E+04 ev/amu. 
The fit represents the He*(2'p) cross section with an rms deviation of 3.7%. 
The maximum deviation is 8.4% at 7.0E+04 eV/ainu. 
The fit represents the He*(2'S + 2'P) cross section with an rms deviation of 1 
The maximum deviation is 2.0% at. 7.0R+O4 ev/amu. 
See appendix for Chebyshev fit detailR. 
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Excitation Rate Coefficients for 
He • H* -> H f • He»(2 lS) 

Beast - Maxwellian Rate Coefficients (cnVs) 

**•»• C P Energy (eV/aac) 
(•») 30000. 40000. SOOOO. 60000. 70000. •0000. KIOvJ. 

l-0l»0O 1.09E-09 1.68E-09 2.13E-09 2.11E-09 1.96E-09 1.94E-09 1.19E-09* 
2.0B*0O 1.09E-09 1.66E-09 2.13E-09 2.11E-09 1.96E-09 1.95E-09 1.16E-098 
4.0B»00 1.09E-09 1.68E-09 2.13B-09 2.11S-09 1.96E-09 1.95E-09 I.ICE-09* 
7.0*>OO 1.09E-09 1.68E-09 2.12E-09 2.1IE-09 1.96E-09 1.95E-09 1. IK-091 
l.OttOl 1.09E-09 1.66E-09 2.12E-09 2.11E-09 1.96E-09 1.95E-09 1.17E-09I 
2.0K«01 1.09E-O9 1.68E-09 2.12E-09 2.1IE-09 1.97E-09 1.96E-09 1.16E-09I 
4.0K»01 1.09E-09 1.68E-09 2.11E-09 2.11E-09 1.97E-09 1.96E-09 1.1SE-09* 
7.0*>01 1.09S-09 l.ME-09 2.10E-09 2.10E-09 1.97E-09 1.97B-0* 1.14E-09* 
1.01*02 1.09E-09 1-66E-09 2.09E-09 2.10E-09 1.98E-09 1.98E-09 l.l3E-09f 
2.ort02 1.07K-09 1.682-09 2.08E-09 2.09E-09 1.99E-09 2.00E-09 1.11E-09* 
4.0E*02 1.04E-09 I.66E-09 2.04E-09 2.07E-09 2.00E-09 2.COE-09 1.07E-09* 
7.0B»02 1.04E-09* 1.67E-04 2.00E-09 2.06E-09 2.01E-09 1.95E-09 I.04E-09I 
1.0E«03 1.05E-09* 1.66E-09 1.97E-09 2.04E-09 2.00E-09 l.*9B-09« 1.02E-09* 
2.0E*O3 1.10K-09* 1.61E-09 1.89E-09 1.97E-09 1.9IE-09 I.7IE-0*' 9.77E-I0I 
4.91*03 1.17E-09* 1.55E-09 1.75E-09 1.79E-09* 1.69E-09* 1.48E-09' 9.29E-10I 
7.0B»03 1.23E-09* 1.47E-09 1.57E-09* 1.56E-09* 1.45E-09* 1.28E-09* 8.75E-10* 
1.0C»04 1.2JE-09* 1.3SE-09* 1.43E-09* 1.39E-09* 1.29E-09* 1.15E-09* 9.27E-10I 
2.0E*04 1.151-09* 1.15E-09* 1.12B-09* 1.06E-09* 9.93E-10* 8.92E-10I 7.02E-I0* 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

E „ | l n = l.OetOO eV, Bmay « 2.0E+04 eV 

(«»/lM) AO Al A2 A3 A4 A5 A6 

30000. -41.2314 .0438795 .0159901 .0113183 -.01631772 -.029*761 -.0164179 
40000. -40.547* -.126080 -.0918*86 -.OS10702 -.0226261 -.007304*9 -.00342970 
90000. -40.2209 -.240437 -.14*1*7 -.07191*5 -.0281797 -.00*9*769 -•.657011-04 
60000. -40.231' -.246*64 -.171734 -.0935161 -.0372433 -.006*7560 .00516462 
70000. -40.3601 -.241292 -.1*9416 -.108326 -.0372244 .00170975 .0115491 
•0000. -40.44*5 -.303064 -.213746 -.0974470 -.0150*43 .0124774 .00596267 
100000. -41.39*9 -.220781 -.0969677 -.0320396 -.01361** -.00921149 -.00545964 

See appendix for Chebyshev fit details. 
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He + H* - > H * + HeG'S) 
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Excitation Rate Coefficients for 
He • H* -> H* • He«(2'P) 

Beaa - Haxwellian Rate Coefficients (c*Vs) 

TMp. B* Energy («V/«i) 
(*»» 30000. 40000. 60000. 80000. 100000. 200000. 40000O. 

I.0E*0O 8.26E-10 1.60E-09 2.66E-09 4.24E-09 5.97E-09 7.52E-09 7.6SE-09 
2 OE'OO 8.26E-10 1.60E-09 2.86E-09 4.24E-09 5.96E-09 7.52E-09 7.65E-09 
4.0E*00 8.29E-10 1.60E-09 2.66E-09 4.24E-09 S.96E-09 7.51E-09 7.65E-09 
7.0E«00 8-29K-10 1.60E-09 2.B6E-09 4.25E-09 5.96E-09 7.51E-09 7.65E-09 
1.01*01 6.30E-10 1.6OE-09 2.66E-09 4.2SE-09 5.95E-09 7.51B-09 7.65E-09 
2.0E*01 8.32B-10 1.60E-09 2.86E-09 4.25E-09 5.94E-09 7.51E-09 7.65E-09 
4.0E*01 8.36B-10 1.61E-09 2.86E-09 4.25E-09 5.91E-09 7.51E-09 7.6SE-09 
7.01*01 8.41E-10 1.61E-09 2.87E-09 4.26E-09 5.92B-09 7.51E-09 7.65E-09 
1.0E*02 B.47E-10 1.6IE-09 2.87E-09 4.27E-09 S.91E-09 7.51B-09 7.656-09 
2.0E*02 0.60B-10 1.63E-09 2.89E-09 4.28E-09 3.89E-09 7.51E-09 7.65E-09 
4.01*02 8.60E-10 1.6SE-09 2.92E-09 4.32E-09 5.87E-09 7.50E-09 7.65E-09 
7.0E*02 9.I4E-10 1.671-09 2.96E-09 4.36E-09 5.84E-09 7.51E-09 7.SSE-09 
1.0E«03 9.UE-10 1.69E-09 2.99E-09 4.41E-09 5.82E-09 7.50E-09 7.65E-09 
2.0K*03 1.07E-09 1.78E-09 3.12E-09 4.S1E-09 S.77E-09 7.50B-09 7.65E-09 
4.01*03 1.J0E-09 1.97E-09 3.33E-09 4.63E-09 5.73E-C9 7.48E-09 7.65E-09 
7.0E*03 1.63E-09 2.2U-09 3.58E-09 4.75E-09 5.70E-09 7.45E-09 7.64E-09 
1.01*04 1.93E-09 2.57E-09 3.78E-09 4.8SE-09 5.69E-09 7.41B-09 7.63E-09 
2.01*04 2.79E-09 3.32E-09 4.29E-09 5.09E-09 5.74E-09 7.27E-09 7.60E-09 

Accuracy: * - Possible error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvshew fitting Parameters for Rate Coefficients 

Emin » 1.0E+00 ev, E^^J - 2.0E+04 ev 

Energy 
(•V/aau) A0 Al A2 A3 A4 AS A6 

30000. -41.2504 .486127 .299576 .128300 .0302620 -.00574350 -.00993627 
40000. -40.1898 .273759 .161714 .0905572 .0322161 .00429196 -.00603203 
60000. -39.1S61 .162678 .0999502 .0424631 .00981070 -.001419)8 -.00247916 
•0000. -38.4598 .0783748 .0416546 .0129969 .00102165 -5.190121-04 6.S6679E-04 
100000. -17.9111 -.0245928 -.00529146 .00275039 .00343274 .00202306 8.64I46E-04 
200000. -17.4242 -.0102727 -.0073811) -.00462593 -.00285436 -.00141545 -4.701S7E-04 
400000. -37.3788 •.00189S68 -.00156122 • .00125546 -8.18S2IE-04 -4.46724E-04 •1.48377E-04 

See appendix for Chebyshev fit details. 
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ae*(3*S) 

Excitation Cross Sections for 
H* • He -> H* • Be'O'S.J'P.a'O) 

Be*(3'p) He*(3*D) 

Energy c Energy o Energy o 
(ev/asu) tc*> (ev/aau) |c J) (eV/asu) (OB*) 

5.06*03 6.S16-20 2.06*03 7.416-21 3.56*03 4.516-20 
6.06*03 1.086-19 4.06*03 4.386-20 4.06*03 6.188-20 
7.06*03 1.656-19 7.06*03 1.906-19 7.06*03 3.116-19 
8.06*03 2.266 19 1.06*04 5.046-19 1.06*04 3.906-19 
9.06*03 2.966-19 1.56*04 1.046-18 1.56*04 4.306-19 
1.06*04 3.656-19 2.06*04 1.256-18 2.06*04 3.746-19 
1.56*04 6.836-19 2.76*04 1.216-18 2.86*04 2.S36-19 
2.06*04 9.536-19 4.06*04 1.566-18 4.06*04 3.576-19 
3.06*04 1.306-18 7.06*04 2.506-18 5.56*04 3.826-19 
4.06*04 1.436-18 1.06*05 3.056-18 7.06*04 3.476-19 
5.06*04 1.396-18 1.36*05 3.276-18 1.06*05 2.686-19 
6.06*04 1.296-18 2.06*05 3.136-18 1.56*05 2.026-19 
7.06*04 1.216-18 4.06*05 2.356-18 
8.06*04 1.12E-18 7.06*05 1.676-18 
9.0E+04 1.03E-18 1.06*06 1.306-18 
1.06*05 9.636-19 
1.56*05 6.926-19 
2.06*05 5.076-19 
2.58*05 3.916-19 

References; 680, 685. 686, 687, 688, 689, 690 
Accuracy: 40% 
•otest Bone 

Cheovshev Fitting Parameters for Cross Sections 

He*(3lS) 
He*<3'P) 
Be'O'D) 

Eftin 
^in 
^min 

5.06*03 
2.06*03 
1.56*03 

eV/a 
eY/amu, 
ev/a 

t^gx - 2.56*05 eV/asM 
B,,^ - l.oe*06 eV/a 
B^j, - 1.5S*05 eV/« 

AO Al A2 A3 A4 A5 A6 
He*(3*S) -84.4433 .775561 -1.05948 .110960 .0219972 -.00305073 -.00996704 
H*«(3'P) -84.5124 2.50529 -1.63211 .103219 -.0277337 -.0862483 .168352 
He*(3*D) -85.9726 .503209 -.748814 .283442 -.187874 -.0352298 .123942 

The fit represents the He*(3'S) cross section with an row deviation of 1.6%. 
The maximum deviation is 3.9% at 6.06*03 ev/amu. 
The fit represents the He«(3'P) cross section with an rms deviation of 9.8%. 
The maxinun deviation is 18.7% at 2.7E+04 eV/arou. 
The fit represents the He*(3'D) cross section with an rms deviation of 6.2%. 
The maximum deviation is 13.9% at 2.8E+04 eV/amu. 

See appendix for Chebyshev fit cjetails. 
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Be*(41S) 

Excitation Cross Sections for 
B* • He -> H* * He*(4,S,4,P,4*D> 

He*(41P) He*(4*0) 

Energy 0 Energy o Energy a 
<ev/a-u) (Cm*) (eV/amu) (cm*) (eV/amu) (cm*) 

1.0E+03 2.09E-22 1.0E+04 1.19E-19 2.0E+03 2.21E-21 
2.0B+O3 1.64E-21 1.5E+04 2.63E-19 4.0E+03 7.14E-21 
3.05*03 2.98E-21 2.08+04 3.19E-19 7.0C+03 7.63E-20 
4.0E+O3 2.02E-21 3.0E+04 3.61E-19 1.0E+O4 1.52E-19 
4.5E+03 1.70E-21 4.0E+04 4.49E-19 1.3E+04 1.79E-19 
7.0E+03 3.94E-20 5.0E+04 5.72E-19 2.0E+04 1.18E-19 
1.0E+04 8.88E-20 6.0B+04 6.92E-19 2.6E+04 1.0SE-19 
1.5E+04 1.34E-19 7.0E+04 7.73E-19 't.OE+04 1.30E-19 
2.0E+04 2.15E-19 8.0E+04 8.43E-19 5.0B+O4 1.38E-19 
4.0E+04 4.94B-19 9.0E+04 9.14E-19 7.0E+04 1.31E-19 
4.4B+04 5.15E-19 l.OE+05 9.72E-19 l.OE+05 1.07E-19 
7.0E+04 4.01E-19 1.3E+05 1.06E-18 1.5B+05 7.17E-20 
l.OE+05 2.87E-19 1.5E+05 1.05E-18 2.0E+O5 5.12E-20 
1.5E+05 1.93E-19 2.0E+05 1.00E-18 4.0E+05 2.42E-20 
2.0E+0S 1.41E-19 3.0E+05 8.79E-19 4.0E+05 2.42E-20 
4.0E+O5 6.74E-20 4.08+05 7.84E-19 7.0B+05 1.34E-20 
7.0E+05 3.94E-20 5.0E+05 6.81E-1S l.OE+06 9.O0E-21 
l.OE+06 2.69E-20 6.06+05 

7.0E+05 
8.0E+05 
9.0E+OS 
1.0E+06 

6.07E-19 
5.46E-19 
5.00E-19 
4.50E-19 
4.00E-19 

References: 680, 685, 6S6, 687, 688, 689, 690 

•one 

Chetovsnev Pitting Parameters for Cross Sections 

He* (4*8) B^,, - 1.0E+03 eV/amu, 6,^ 
H e * ( 4 , p ) ^lin " 1«OE*04 eV/amu, E^^, 
He*(4*D) Zmin - 2.0E+03 eV/amu, B ^ 

l.OE+06 eV/a 
1.0B+06 eV/amu 
l.OE+06 eV/amu 

A0 Al A2 A3 A4 A5 A6 
He*(4>8) -90.7744 2.47036 -2.37315 -.112038 .549272 -.0385738 -.264616 
He*(4lP) -84.4673 .568)66 -.658688 -.0606377 .0615161 .0857392 -.0897306 
He«(4'D) -90.3972 .468672 -1.92730 .452357 7.32888E-04 -.125659 .290353 

The fit represents the He»(4lS) cross section with an rms deviation of 60.6%. 
The Maximum deviation is 217.9% at 4.5E+03 eV/amu. 
The fit represents the He*(4'P) cross section with an rms deviation of 2.4%. 
The maximum deviation is 4.9% at 3.06*04 eV/amu. 
The fit represents the He*(4'D) cross section with an rms deviation of 25.2%. 
The maximum deviation is 50.7% at 2.6E+04 eV/amu. 

See appendix for Chebyahev fit details. 



C-69 

H+ + He - > H + + HeC4'S,4 P,4'D) 
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Total Vacuum Ultraviolet Emission Cross Sections for 
H* + He -> v.u.v. (x = 20-140nm) 

Energy 
(eV/amu) 

Velocity 
(cm/s) 

Cross Section 
(cm2) 

4.2E+03 
5.0E+03 
6.0E+03 
7.0E+03 
8.0E+03 
9.0E+03 
.OE+04 
.5B+04 
.OE+04 
.OE+04 
.OE+04 

5.OE+04 
6.OE+04 
7.OE+04 
8.OE+04 
9.OE+04 
1.0E+05 
1.5E+05 

00E+07 
82E+07 
08E+08 
16E+08 
24Et08 
32E+08 
39E+G3 
70E+08 
96E+08 
41E+08 
78E+08 
11E+08 
40E+08 
68E+08 
93E+08 
17E+08 
39E+08 
38E+08 

.05E-18 

.25E-16 

.49E-18 

.70E-18 

.89E-18 

.05E-18 
2.20E-18 
2.73E-18 
3.00E-18 
.21E-18 
.30E-18 
.33E-18 
34E-18 
.32E-18 
.31E-18 
.28E-18 
.25E-18 
•14E-18 

Reference: 654 
Accuracy; 40% 
Mote; Values shown in the graph correspond to values of measured cross sections 
for v.u.v. emission which have ucen corrected for the photoelectric yield 
integrated over the wavelength range of sensitivity of the detector (approx. 
20-140nm). 

Chebvshev Fitting Parameters for Cross Sections 

Bmin 4.2E+03 eV/amu, 'max 1.5E+05 ev/amu 

A0 Al A2 A3 A4 A5 Ao 
-81.1574 .502834 -.275390 .0508166 .00293296 -.00661360 .00122541 

The fit represents the above cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.5% at 3.OE+04 ev/amu. 

See appendix for Ch&byshev fit details. 
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H* + He - > v.u.v. (20-140 nm) 
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C-72 

Excitation Cross Sections 
He* + H -> H{n=2) 

for 

Energy 
(eV/anu) 

3.8E+03 
4. OE+03 
5.OE+03 
.OE+03 
.OE+03 

8.OE+03 
9.CE+03 
.0B+O4 
.5E+04 
.OE+04 
.OE+04 
.OE+04 

5.OE+04 
5.2B+04 

6. 
7. 

1. 
1. 
2. 
3. 
4. 

velocity 
(cm/s) 

8.56E+07 
8.79E+07 
9.82E+07 

Cross Section 
(cm2) 

.OBE+08 

.16E+08 

. 24E+08 

.32E+08 

.39E+08 
,70E+08 
.96E+08 
.41E+08 
.78B+08 
.11E+08 
.17E+08 

98E-17 
01E-17 
07E-17 
13E-17 
I6E-17 
19E-17 
18E-17 

6.17E-17 
6.17E-17 
6.27E-17 
6.59B-17 
7.52E-17 
8.96E-17 
9.30B-17 

Reference; 716 
Accuracy: 50% 
Botei These data were obtained by measuring the energy loss of the He* ion 
after collision. The resolution of the energy-loss spectrometer was not 
sufficient to resolve the 2s and 2p states. 

Chebvshev Fitting Parameters for Cross Sections 

E^,, - 3.8E+03 ov/amu, E,,^ - 5.2E+04 ev/amu 

A0 Al A2 A3 A4 A5 A6 
-74.4909 .160714 .0943278 .0580551 .0178172 .00276895 -4.72682E-04 

The fit represents the above cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.5% at 3.0B+04 eV/amu. 

See appendix for Chebyshev fit details. 
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He" + H - > He* + H(n=2) 
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C-74 

Excitation 
He* + H 

Cross Sections for 
-> He' • H(2s,2p) 

H(2s) H(2p) 
Energy Cross Section Energy Cross Secti 
ev/anu) (OB 2) (eV/anu) [cm2) 

1.5B+03 1.04E-17 1.3E+02 9.03E-18 
2.0E+03 6.59E-1B 1.5E+02 1.36E-17 
2.8E+03 4.60E-18 2.0E*02 2.18E-17 
3.0E+03 4.61E-18 3.0E+02 2.95E-17 
4.0E+03 7.95E-18 4.0E+02 3.22E-17 
4.7E+03 1.12E-17 5.0B+02 3.39E-17 
5.0E+03 1.11E-17 6.0E+02 3.51E-17 
6.0E+03 5.82E-18 7.0E+02 3.60E-17 
6.6E+03 4.51E-18 8.0E+02 3.66E-17 

9.0E+02 3.72E-17 
1.0E+03 3.75B-17 
1.5B+03 3.85E-17 
2.0E+03 3.90E-17 
3.0E+O3 3.96E-17 
4.0E+03 3.98E-17 
5.0E+03 4.02E-17 
6.0E+03 4.04E-17 
7.0E+03 4.07E-17 
8.OE+03 4.07E-17 
9.OE+03 4.08E-17 
9.6E+03 4.08E-17 

References: 701, 712, 715 
Accuracy; 30% 
Bote: The data for the excitation of the 2p state are (within the 
experimental error) the sane as the Lyman-a emission cross section. 

Chebvshev Fitting Parameters for Cross Sections 

H(2s) E_ i n « 1.5E+03 ev/amu, E-.,. - 6.6E+03 ev/arcu 
H(2p) ZTin « 1.3E+02 ev/amu, E^l « 9.6E+03 ev/amu 

A0 Al A2 A3 A4 A5 A6 
H(2s) -78.9847 -.124567 .114965 -.358545 -.199857 
H(2p) -76.1170 .522520 -.318078 .179576 -.0921414 .0455819 -.0220305 

The fit represents the H(2s) cross section with an rms deviation of 10.1%. 
The maximum deviation is 25.2% at 6.0E+03 eV/amu. 
The fit representB the H(2p) cross section with an rms deviation of 0.5%. 
The maximum deviation is 0.8% at 1.5E+03 eV/amu. 

See appendix for Chebyshev fit details. 
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He* + H - > He+ + H(2s,2p) 

-.-16 
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Cross Section vs. Energy 
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C-76 

Excitation Rate Coefficients for 

He* + H -> He* • H(2p) 

HaxMellian - Maxwellian Rate Coefficients (ca*/s) 

Taap. Equal B Taap. i«V) 
( * r j tump. 100. 2 0 0 . 5 0 0 . 1000. 5000 . 10000. 20000 . 

l.OEMK J . 2 7 1 - 1 0 - 3 .2T»-10* 6 .34E-10 1 .24E-09 l . M E - 0 9 2 . 5 2 E - 0 9 * 1 .57S-096 7 .49E-10I 
2.0B>02 6 .98E-10 4 . 1 2 E - I 0 6 .98E-10 1.2SE-09 I .90E-09 2 . 5 2 E - 0 9 - l . S 6 E - 0 9 f 7 .48E-108 
3.0K*02 9 .74E-10 4 .91E-10 7 .S9E-10 1.31E-09 1.93E-09 2 . 5 1 E - 0 9 * 1 .56E-09* 7 .47B-10I 
«.OE>OJ 1 .20E-09 5 .65E-10 6 .17E-10 1.35E-09 I .96E-09 2 .51E-09* 1.SSE-09I 7 .46E-108 
5.0C*02 1 .391 -09 6 .34E-10 S .72E-10 1.39E-09 1.98E-09 2.50E-O9* 1.55E-098 7 .45E-10I 
6.0C*02 1 .56E-09 6 .98E-10 9 .24E-10 I . 42E-09 2.01E-O9 2 .50E-09* 1 .55E-09t 7 . 4 < ^ - 1 0 l 
7.0B>02 1 . 7 1 1 - 0 9 7 . 5 9 E - 1 0 9 . 7 4 E - I 0 1 .46E-09 2.03E-O9 2 . 4 9 E - 0 9 * 1 .54E-09f 7 .43E-10I 
8 .0**02 1 .85E-09 8 .17E-10 1 .02E-09 1.49E-09 2.0SE-O9 2 . 4 9 E - 0 9 * 1 .54E-09I 7 .42E- 10* 
9 . 0 O 0 2 1.90E-0? • - 7 2 1 - 1 0 1.07E-O9 1.S3E-09 2 .08E-09 2 .46E-09» 1 .54E-09* 7 . 4 I E - 1 0 4 
1.0C*03 2.10E-O9 9 .24E-10 1 .11E-09 1.56E-09 2 .10E-09 2 . 4 7 E - 0 9 - 1 .53E-09* 7 .40E-10I 
2.0E«03 2 . 7 M - 0 9 * 1 .35E-09 1 .49E-09 1 85E-09 2 .31B-09 2 . 4 2 B - 0 9 * l .SOC-09* 7 .29E- 10* 
4 . 0 O 0 3 2 .53E-0** 1 .96E-09 2.05E-O9 2 .31E-09 2 .61E-09 2 .31B-09# 1.44E-098 7 .06E-106 
6.0E>03 1 .99E-09I 2 .36E-09 2 .45E-09 2.6XE-09 2.76E-09* 2-20E-098 1.3SE-09I 6 .88E-X0I 
8 . 0 E O 3 1 .57E-09I 2 .65E-09 2 .68E-09 2 . 7 6 E - 0 9 ' 2 .SIE-09* 2 . 0 9 B - 0 9 t 1 .3B-09I 6 .69E-10* 
1.0B>04 1 .27E-09I 2 .76E-09* 2 .79E-09* 2 .61E-09* 2 .79B-09* 1 .99E-09t 1 .27E-09I 6 . 5 1 E - 1 0 I 
1.2K*04 1.04E-098 2 .62E-09* 2 .61E-09* 2 .79E-09* 2.73E-09* I . 9 0 B - 0 9 f I . 2 2 E - 0 9 f 6 .34E-104 
1.5E*04 6 .10E-108 2 .75E-09* 2 .74E-09* 2 .68E-09* 2.56E-09* I . 7 6 B - 0 9 t 1 .15E-098 6 . 0 9 E - 1 0 I 
2.0B>04 5 . 7 1 1 - 1 0 * 2 .S1E-09* 2 .49E-09* 2 .42E-09* 2 . 3 l E - 0 9 f I .S7E-094 1.04E-094 5 .71E-X0t 

Accuracy: * - Possible Error Greater Than 10* 
t - Possible Error Greater Than 100% 

Chebvshev f i t t i n g Parawe-ers for Rate Coefficients 

E, ,^ - 1.0E+02 eV, t m a x « 2.0E+04 eV 

(•V) A0 Al A2 A3 A4 A5 A6 

100. - 4 1 . 3 6 7 6 1.16527 - . 1 0 3 9 2 2 - . 1 3 2 1 6 3 - . 0 3 4 8 4 2 2 - . 0 1 6 7 9 6 1 - . 0 0 1 0 6 6 7 3 
200. - 4 0 . 8 7 7 0 .821004 - . 0 1 0 9 3 4 0 - . 1 2 7 3 7 6 - . 0 4 8 5 6 0 4 - . 0 1 2 0 0 5 6 7 .630S8E-04 
500. - 4 0 . 2 7 3 8 . 442909 .00923768 - . 0979147 - . 0 5 1 9 4 4 1 - . 0 1 1 2 2 7 6 .00362652 
1000 . - 3 9 . 8 4 9 5 .187131 - . 0 2 8 7 9 0 7 - . 0 7 6 6 3 0 4 - . 0 3 9 9 7 4 6 - . 0 0 6 5 1 3 9 0 .00286700 
5000 . - 3 9 . 8 3 8 7 - . 1 9 5 0 4 1 - . 1 0 4 1 4 8 - . 0 4 0 4 5 3 1 - . 0 1 1 5 7 5 0 - . 0 0 2 2 0 7 2 1 - 2 . 4 0 I 9 6 E - 0 6 
10000. - 4 0 . 7 6 6 1 - . 1 7 0 2 0 3 - . 0 8 6 5 9 4 3 - . 0 3 1 3 2 2 0 - . 0 0 8 2 4 3 3 0 - . 0 0 1 4 8 2 0 3 -7 .6657IE-OS 
20000 . - 4 2 . 1 6 6 7 - . 1 1 3 1 2 1 - . 0 5 7 9 4 1 1 - . 0 2 1 3 0 7 3 - . 00583215 - . 0 0 1 1 6 2 4 6 - 1 . 3 6 0 8 5 1 - 0 4 
Equal Taa to. - 4 1 . 3 9 0 2 .353784 - .C66154 - . 1 2 3 2 1 5 .00687536 .0519228 - . 0 0 5 5 8 6 7 6 

See appendix for Chebyehev f i t deta i l s 
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He* + H - > He* + H(2p) 

Moxweliian — Maxwellian 
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B = 10000. 
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C-78 

Spectral Line Emission Cross Sections for 
Be* • H 2 -> H (Lyman-a, Lyman-0) 

B(Lyman-a) H(Lyman-fi) 
Energy Cross Section Energy Cross Section 
(ev/amu) (cm1) (ev/aau) (cm*) 
7.7B+00 4.33E-18 1.2E+01 1.06E-18 
8.0E+00 5.16E-18 1.5E+01 2.15E-18 
1.0E+01 1.05E-17 2.0E+01 3.68E-18 
2.0E+01 3.39E-17 3.0E+01 5.82E-18 
4.0E+01 5.51E-17 4.0E+01 7.07E-18 
7.0E+01 6.19E-17 5.0E+01 7.81E-18 
1.0E+02 6.01E-17 6.0E+01 8.21E-18 
2.0E+02 4.57E-17 7.0E+01 8.57E-18 
4.0E+O2 3.56E-17 o.OE+01 8.64E-18 
7.0E+02 3.20E-17 9.0E+01 8.56E-18 
1.0E+03 3.13E-17 1.0E+02 8.46E-18 
2.0E+03 3.35E-17 1.5E+02 7.67E-18 
4.0E+03 4.45E-17 2.0E+02 6.78E-18 
5.0E+03 4.61E-17 
7.0E+03 4.53E-17 
7.4E+03 4.48E-17 

References: 188, 195, 199, 700 
Accuracy; 40% 
Botes; (1) The Lyman-a transition is at 121.57nm and the Lyman-0 transition is 
at 102.57m. (2) Data on polarization of emissions may be found in Isler and 
Hathan (Ref. 199) and Young et al. (Ref. 700). 

Chebvshev Pitting Parameters for Cross Sections 

H(Lyman-o) E,,̂ ,, - 7.7E+00 eV/amu, E,,,̂  » 7.4E+03 ev/amu 
H(Lyman-0) Emin « 1.2E+01 ev/amu, E p | a x - 2.0E+02 eV/amu 

A0 Al A2 A3 A4 A5 A6 
H(Lyman-a) -76.0522 .584543 -.527735 .587085 -.202654 -.0240480 -.0420581 
H(Lyman-0) -79.7592 .790251 -.524833 .114100 -.0482761 .0226572 -.00698738 

The fit represents the K(Lyman-o) cross section with an rms deviation of 2.5%. 
The maximum deviation is 3.5% at 7.7E+00 ev/amu. 
The fit represents the H(Lyman-0) cross section with an rns deviation of 0.5%. 
The maximum deviaticn is 1.0% at 6.0E+01 eV/amu. 

See appendix for Chebyshev fit details. 
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He* + H a -> H(Lymon-a, Lyman-/S) 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 

KJ 10' itf 10" 
Energy (eV/amu) 

10* 



C-80 

Spectral Line Emission Cross Sections for 
Be* • H 2 -> H(Bal*er-o,Balaer-e) 

H(Bali •sr-o) H(Balmer-a) 

Energy Cross Sect ion Energy Cross S e c t i o n 
(ev/amu) (cm*) (ev/amu) (car 1) 

1.06*01 8.S1E-19 1.56*01 2 .006-19 
2.0E+01 4.79E-18 2.0E*01 5 .606-19 
4 .06*01 7.18E-18 4.06*01 1 .336-18 
7.06*01 6.36E-18 5.06*01 1 .416-18 
1.06*02 5.16E-16 7.06*01 1 .346-18 
2.06*02 3.09E-18 1.06*02 1 .106-18 
4 .06*02 2.26E-18 2.06*02 5 .506-19 
7 .06*02 1.996-18 4.06+02 3 .476-19 
1.06*03 1.936-18 7.06*02 2 .986-19 
2.06*03 2.126-18 1.06*03 3 .126-19 
4 .06*03 3.00E-18 2.06*03 3 .916-19 
?.06*03 3.39E-18 4.06*03 5. 566-19 
1.06*04 3 .296-18 5.06*03 5 .786-19 

7.06*03 5 .286-19 
8.06*03 4.83E-19 

References; 166, 199, 461, 464, 693, 694, 695 
Accuracy; Unknown 
Botes: (1) The Balmer-a emission is frost the n»3->2 transition (656.28ns)). (2) 
The Balmer-s emission is from the n=4->2 transition (4B6.I3raa). (3) Data on 
polarisation of emissions may be found in Isler and Nathan (Refs. 199 and 694). 

Chebvshev Fitting Parameters for Cross Sections 

B(Balmer-a) E,^,, - 1.06*01 eV/amu, 6,^ 
H(Balmer-») 6 ^ » 1.5e*01 ev/amu, Z^^ 

1.0E+04 eV/a 
8.06*03 eV/amu 

A0 Al A2 Ai A4 A5 A6 

H(Balmer-a) -80.7189 .0329782 -.173449 .608331 -.365301 .0179138 -.0168644 
H(Balmer-S) -84.1448 -.135846 -.0820835 .566238 -.436982 -.00523445 -.0131479 

The fit represents the H(Balmer-u) cross section with an rms deviation of 2.2%. 
The maximum deviation is 4.5% at 2.06*02 ev/amu. 
The fit represents the K(Balmer-i) cross section with an rms deviation of 2.9%. 
The maximum deviation is 4.9% at 4.06*01 eV/aeu. 

See append'- . for Chebyshev fit details. 
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He* + ^ - > HGBalmer-a, Balmer-0) 
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Cross Section vs. Energy 
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C-82 

Dissociative Excitation Cross Sections for 
Be' • H.. -> He* + H(2s,2p) • H(E) 

H(2S) H(2p) 
Energy Cross Sec t ion Energy Cross S e c t i o n 

(ev/amu) ( a s ' ) (eV/aMU) ( O S * ) 

1.4E+03 4.92E-18 1.3E+01 2.11E-17 
1.5E+03 4.93E-18 2.0E+01 3 . ME-17 
1.7E+03 4.93E-18 4.0E+01 5.59E-17 
2.0E+03 4.92E-18 6.0E+01 5.81E-17 
2.5E+03 4.93E-18 7.0E+01 5.80E-17 
3.0E+03 4.91E-18 1.0E+02 5.61E-17 
3.5E+03 4.93E-18 2.0E+02 4.75E-17 
4.0E+03 . .91E-18 4.0E+02 3.75B-17 
4.5E+03 4.91E-18 7.0E+Q2 3.31E-17 
S.0E*03 4.91E-18 1.0E+03 3.24E-17 
5.56*03 4.91E-18 2.0E+03 3.32E-17 
6.0E+03 4.91E-18 4.0E+03 3.73E-17 
6.4E+03 4.92E-18 5.0E+03 3.81E-17 

7.0E+03 3.75E-17 
7.4E+03 3.72E-17 

References; 183. 195, 700, 701 
Accuracy: within a factor of 2 
Botes; (1) The excitation cross sections for H(2s) and H(2p) are 
determined by the field-indtced eaission of Lyman-a (2s -> 2p -> Is), and 
by Lyman-a emission (2p -> Is), respectively. If cascade can be neglected, 
these are equal to the cross sections for the fonaation of the H(2s) and 
H(2p) states. (2) The notation H(t) designates all possible states for the 
other fragment (unspecified). 

H(2s) 
H(2p) 5»in * 

Siin * 
1.4E+03 ev/amu, 
1.3E+01 ev/amu. 

E ^ • 6.4E+03 eV/amu 
B ^ - 7.4E+03 eV/amu 

A0 Al A2 A3 A4 AS A6 

H<2»> 
•(2p) 

- 7 9 . 7 0 6 6 
- 7 S . 6 2 2 5 

- . 00160282 
.0096202% 

1.58249B-05 7.60977E-
- . 1 7 8 3 5 4 .293814 

04 2 .44965E-04 6 .18338E-04 
- . 1 1 5 8 9 5 - . 0 2 0 6 1 3 0 - . 0 0 9 8 3 9 7 3 

The fit represents the H(2s) cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.2% at 3.OE+03 ev/amu. 
The fit represents the H(2p) cross section with an rms deviation of 0.8%. 
The maximum deviation is 0.9% at 7.0E+01 ev/amu. 

See appendix for Chebyshev fit details. 
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He* + H, - > He* + H(2s,2p) + H(I) 
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Dissociative Excitation Cross Sections for 
He* + H 2 -> He* + H(3s,3p) + H(r) 

H(3s) H(3p) 
Energy Cross Section Enerov Cro66 Section 
(eV/amu) (cm2) (eV/aniu) (on2) 

2.5E+03 2.16E-19 2.5E+03 2.36E-18 
3.0E+03 2.28E-19 3.0E+03 2.29E-18 
3.5E+03 2.34E-19 3.5E+03 2.32E-18 
4.0E+03 2.37E-19 4.0E+03 2.41E-18 
4.5E+03 2.37E-1? 4.5E+03 2.55E-18 
5.0E+03 2.35E-19 5.0E+03 2.70E-18 
5.5E+03 2.33E-19 5.5E+03 2.77E-18 
6.0E+03 2.28E-19 6.0E+03 2.76E-18 
7.0E+03 2.19E-19 7.0E+03 2.S6E-18 

7.6E+03 2.29E-18 

References; 183, 702 
Accuracy; 50% 
jtoteB; (1) The H(3s) and H(3p) cross sections are deduced from spectral-
line emission measurements on the (unsubstantiated) assumption that 
cascade can be neglected. (2) The notation H(z) designates all possible 
states for the other fragment (unspecified). 

Chebvshev Fitting Parameters for Cross Sections 

H(3s) 
H(3p) 

A0 

5min 
San 
Al 

2.5E+03 eV/amu, 
2.5E+03 eV/amu, 

A2 A3 

"max 

A4 

« 7.0E+03 ev/amu 
= 7.6E+03 eV/amu 

A5 A6 

B(3.) 
H(3p> 

-65.8579 
-81.0946 

.00631068 -.0437007 -2.23538E-05 

.0512586 -.0390305 -.0692130 
•1.27246E-04 
-.0155312 

5.58521E-04 6.28175E-04 
.00341300 -5.63677E-04 

The fit represents the H(3s) cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.2% at 5.0E+03 eV/amu. 
The fit represents the »l(3p) cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.5% at 6.0E+03 eV/amu. 

See appendix for Chebyshev fit details. 
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He+ + H 2 - > He* + H(3s,3p) + H(D 

»-•? 
Cross Section vs. Energy 

a = H(3p) 
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C-86 

Projectile Excitation Cross Sections for 
He* + H 2 -> He*(2s) + H 2 

Energy Velocity Cross Section 
(ev/amu) (cm/s) (cm1) 
2.5E+03 6.95E+07 1.38E-20 
3.0E+03 7.61E+07 2.18E-20 
3.5B+03 8.22E+0.' 3.25E-20 
4.0E+03 8.79E*07 4.58E-20 
4.5E+03 9.32E+07 6.18E-20 
5.0E+03 9.82E+07 8.10E-20 
5.5E+03 1.03E+08 1.04E-19 
6.0E+03 1.08E+08 1.30E-19 
7.0E*03 1.16E+08 1.92E-19 
7.6E+03 1.21E+08 2.31E-19 

Reference: 706 
Accuracy; Factor of 2 
Motes; Rone 

Chebvshev Fitting Parameters for Cross Sections 

Bmin * 2.&E+03 ev/amu, E m a x = 7.6E+03 eV/amu 

A0 Al A2 A3 A4 AS A6 
-88.6255 1.42095 -.00467445 -.00728965 -.00322271 -.00472755 -3.43794E-05 

The fit represents the above cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.1% at 6.0E+03 eV/amu. 

See appendix for Chebyshev fit details. 



C-87 

He* + H2 - > He*(2s) + H2 

^-ia 
Cross Section vs. Energy 

o 
c o 

'•*-* 

o 

(o 
in 
o 
u 

A = He*(2s) 

Recommended 
Doto 

Chebyshev Fit 

Energy (eV/amu) 



C-88 

Excitation Cross Sections for 
He* + He -> He* • HeM2*S,2*P) 

He*(21S) He*(2'P) 

Energy 
(eV/amu) 
7.0E+03 
8.0E+03 
9.0E+03 
1.0E+04 
1.5E+04 
2.0E+04 
2.5E+04 
3.0B+04 

Cross Section 
(cm2) 
98E-18 
4IE-18 
03E-18 
76E-18 
09E-18 
39E-19 
09E-18 
41E-18 

Eitergy Cross Section 
(eV/amu) (cma) 
6.0E+03 9.41E-18 
7.0E+03 7.31E-18 
1.0E+04 4.60E-18 
1.5E+04 2.90E-18 
2.0E+04 2.52E-18 
4.0E+04 4.97E-18 
7.0E+04 9.22E-18 
l.OE+05 1.08E-17 
1.5E+05 1.13E-17 
2.5E+05 1.07E-17 

References: 203, 684, 697, 699, 704, 705, 707, 717 
Accuracy; 40% 
Motes: (1) Por relative cross sections see Refs. 697, 705, and 707. (2) For 
cross sections He* (Is) + He(ls2)'S -> He* (Is) + He(ls2p)',,P see Bordenave-
Montesquieu et al. (Ref. 704). (3) See Thomas (Ref. 684) for more details. 

Chebvshev Fitting Parameters for Cross Sections 

He*(2'S) 
He*(2,P) 

&min 
Bmin 

7.0E+03 eV/amn, 
6.0E+03 eV/amu, "max 3.0E+04 eV/amu 

2.5E+05 eV/amu 

A0 
He*(2xS) -82.0676 
He*(2,P) -79.0520 

Al 
.438515 
.385720 

A2 A3 A4 A5 A6 
,304992 .0789808 .0643720 -.0146204 -.00639777 
.388654 -.432765 -.00474225 .126047 -.0106668 

The fit represents the He*(2'S) cross section with an rms deviation of 0.0%. 
The maximum deviation is 0.0% at 1.0E+04 eV/amu. 
The fit represents the He*(2'P) cross section with an rms deviation of 3.4%. 
The maximum deviation is 5.8% at 2.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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C-90 

Excitation Cross Sections for 
He* • He -> He* • He*(2'S,2JP) 

Be*(2'S) 

Energy 
(eV/amu) 
6.4E+03 
7.OE+03 
8.0E+03 
9.0E+03 
1.0E+04 
1.5E+04 
2.0E+04 
2.SE+04 
3.0E+04 

Cross Section 
(en1) 

2.82E-18 
3.22E-18 
3.92S-iS 
4.57E-18 
5.07E-18 
5.81E-18 
4.77E-18 
3.38E-18 
2.20E-18 

He« (2'P) 

Energy Cross Sect ion 
(eV/amu) (CM*) 

6.5E+03 4.49E-18 
7.0E-03 5.91E-18 

-»»55*03 8.72E-18 
8.4E+0J 9.11E-18 
9.0E+03 8.19E-18 
1.0E+04 5.45E-18 
1.5E+04 3.23E-18 
2.0E+04 2.53E-18 
2.5E+04 2.01E-18 
3.0E+04 1.18E-18 
3.2E+04 1 .00e-18 

References; 617, 684, 697, 699, 704, 708, 717 
Accuracy; E < 7.5x10' ev/amu - 75% 

E > 7.5x10s eV/aaM - 40% 

Motes; (1) ror relative cross sections at lower energies see Bordenave-
Hontesquieu et al. (Ref. 704) and Dworetsky et al. (708). (2) For cross 
sections; He'(le) • He*(Is) -> He*(Is) + He(ls2p)',,P see Ref. 704. (3) For More 
details see Thomas (Ref. 684). 

Chebvshev Fitting Parameters for Cross Sections 

He»(2'S) E^,, = 6.4E+03 eV/amu, 
He»(2JP) E^,, - 6.5E+03 eV/amu, 

Emax 3.0E+04 ev/anu 
3.2E*04 eV/« 

A0 Al A2 Al A4 AS A6 

H « » ( 2 ' 8 ) - 8 0 . 2 1 6 6 - . 0 8 6 7 6 0 0 - . 4 3 0 1 5 8 - . 0 1 2 3 6 0 1 .0026680% - . 0 0 4 8 3 1 5 3 .00172788 
B»»(2 'P) - 8 0 . 5 6 3 9 - . 8 9 7 2 7 5 - . 2 2 6 8 5 1 .0814789 - . 228846 .0840160 .0168192 

The fit represents the He*(2,S) cross section with an rms deviation of 0.*%. 
The Maximum deviation is 0.2% at 1.0E+04 eV/amu. 
The fit represents the He*(2'P) cross section with an rms deviation of 6.8%. 
The maximum deviation is 14.1% at 1.0E+04 eV/amu. 

See appendix for Chebyshev fit details. 
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C-92 

He*(3*S) 

Excitation Cross Sections for 
He* • He -> He* • He*(3,S,3lP,3,D) 

He*(3,P) He*(3,D) 

Energy o Energy o Energy o 
(ev/amu) (cm1} (eV/amu) (on2) (ev/aHu) (OB*) 

3.0E+03 2.96E-19 1.8E+03 4.84E-19 2.5E+03 3.98E-19 
3.SE+03 2.78E-19 2.0E+03 5.24E-19 3.0E+03 5.16E-19 
3.7E+03 2.75E-19 3.5E+03 6.61E-19 4.0E+03 8.25E-19 
4.0E+03 2.93E-19 4.0E+03 6.50E-19 5.0E+03 1.02E-18 
4.5E+03 3.33E-19 5.0E+03 6.28E-19 6.OE+03 1.04E-18 
5.0E+03 3.64E-19 7.0E+03 8.19E-19 7.0E+03 1.03E-18 
5.5E+03 3.83E-19 9.0E+03 9.18E-19 7.6E+03 1.02E-18 
6.0E+03 3.98E-19 1.0E+04 9.04E-19 
7.0E+O3 4.03E-19 1.5E+04 6.73E-19 
8.0E+03 4.02E-19 2.0E+04 

4.0E+04 
7.0E+04 
1.0E+05 
1.5E+05 
2.0E+05 
3.0E+05 

5.62E-19 
1.49E-18 
2.34E-18 
2.81E-18 
3.07E-18 
3.14E-18 
2.90E-18 

References: 204, 696, 697, 698, 705, 708 
Accuracy; 30% 
Hotes: (1) For relative cross sections at lower energies see Refs. 697, 70%, 
and 708. (2) for more details see Ref. 684. (3) Acceptable polynomial fits were 
not possible for the He*(3*P) data. 

Chebvshev Fitting Parameters for Cross Sections 

He*(3'S) E m l n - 3.OE+03 ev/amu, 
He*(3*D) E,,,̂  = 2.5E+03 «v/amu, "max 

Emax 
8.0E+03 eV/amu 
7.6E+03 eV/amu 

A0 Al A2 
He*(3'S) -85.0346 .210040 -.00809700 
He*(3*D) -83.4873 .491131 -.174973 

A3 
-.0618979 
-.07 70949 

A4 A5 
.0267187 .00449587 
.0308684 .00651934 

A6 
-. 1121214 
-.0>951236 

The fit represents the He*(3'S) cross section with an rms deviation of 0.6%. 
The maximum deviation is 1.2% at 3.7E+03 eV/amu. 
No fit to He*(3'P) data. 

The fit represents the He*(3'D) cross section with an rms deviation of 0.0%. 
The maximum deviation is 0.0% at O.OE+00 eV/antu. 

See appendix for Chebyshev fit details. 
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HeMS'S) 

Excitation Cross Sections for 
He* • He -> He* • He'U'S.J'p.l'D) 

He*(3JP) He*(3JD) 

Energy o Energy a Energy o 
(eV/amu) (CM*) (eV/amu) (cm2) (ev/amu) (cm1) 
2.5E+03 6.21E-19 2.5E+02 2.05E-19 2.5E*02 1.49E-18 
3.0E+03 5.84E-19 3.2E+02 1.89E-19 3.7E+02 1.23E-18 
3.5E+03 5.93E-19 4.0E+02 2.19E-19 4.0E+02 1.24E-18 
4.0E+03 6.58E-19 7.0E+02 3.28E-19 6.0E+02 1.44E-18 
4.5E+03 7.44E-19 7.4E+02 3.30E-19 7.0E+02 1.35E-18 
5.0E+33 8.49E-19 1.0E+03 1.93E-19 1.0E+03 9.74E-19 
5.5E+03 9.21E-19 1.1E*03 1.78E-19 1.5E+03 7.92E-19 
6.OE+03 9.87E-19 1.5E+03 3.17E-19 2.0E+03 9.07E-19 
7.0E+03 1.05E-18 2.0E+03 4.30E-19 3.0E+O3 7.59E-19 
7.7E+03 1.08E-18 3.7E+03 5.78E-19 4.0E+03 9.50E-19 

4.0E+03 5.65E-19 6.0E+03 1.47E-18 
5.0E+03 5.12B-19 ?.0EH>3 1.30E-18 
7.0E+03 6.98E-19 1.0E+04 3.73E-19 
1.0E+04 9.85E-19 2.0E+04 3.36E-19 
1.2E+04 
2.0E+04 
4.0E+C4 

1.07E-18 
8.19E-19 
4.05E-19 

4.0E+04 1.35E-19 

References; 204, 696, 697, 705, 707, 708 
Accuracy; Unknown 
Botes; (1) Relative cross sections may be found In Refs. 697, 705, 707, and 
708. (2) Accuracies reported in Refs. 204 and 696 are: systematic error < 10%; 
randan error < 5% on each; however, results differ by a factor of 2 at some 
energies common to both experiments. (3) Acceptable polynomial fits to the 
He»(3'P) and He*(39D) data were not possible. 

Chebvshev Fitting Parameters for Cross Sections 

He»(3*S) E m i n - 2.5E+03 eV/anu, E,,,̂  * 7.7E+03 eV/amu 

A0 Al A2 A3 A4 AS A6 
He*(3'S) -8J.4063 .336147 .0620301 -.0763959 -.00323136 ,0169475 -.00192645 

The fit represents the He*(3JS) cross section with an rms deviation of 0.3%. 
The Maximum deviation is 0.5% at 4.5E+03 eV/amu. 
Ho fit to He*(3'P) data. 

No fit to He*(3'D) data. 

See appendix for Chebyshev fit details. 
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C-96 

Excitation Cross Sections for 
Re* • He -•» He* • He*(4,S,4*P,4,D) 

He* '(4*S) He*(4' [P) He* (4 lD) 

Energy 0 Enerqy o Energy o 
teV/aw) (OH 1) (ev/ami) (cm1) (ev/amu) (cm*) 

b.oe+o: 7.34E-21 3.0E+03 2.03E-19 2.W")2 8.39E-20 
5.8E*02 6.87E-21 3.5E+03 2.63E-19 3.0E> J2 9.35E-20 
7.P2+02 8.28E-21 4.0E+03 2.93E-19 3.5E+02 9.18E-20 
1.0E+03 1.49E-20 4.5E+03 3.07E-19 4.0E+02 8.22E-20 
1.2E+03 1.81E-20 5.0E+O3 2.95E-19 5.0E+02 6.48E-20 
1.5E+03 1.72E-20 5.5E+03 2.70E-19 6.0E+02 5.93E-20 
2.0E+03 3.22E-20 6.0E+03 2.44E-19 7.0E+02 5.92E-20 
2.7E+03 4.40E-20 6.6E+03 2.35E-19 1.0E+03 6.79E-20 
3.5E+03 4.21E-20 7.0E+O3 2.43E-19 1.5E+03 6.27E-20 
4.0E+03 4.27E-20 8.0E+03 2.82E-19 2.0E+03 7.15E-20 
5.0E*03 4.92E-20 9.0E+03 3.12E-19 3.0E+03 1.03E-19 
6.0E+03 6.04E-20 1.0E+04 3.19E-19 4.0E+03 1.55E-19 
7.0E+O3 6.585-20 1.5E+04 2.60E-19 7.0E+03 4.10E-19 
1.0E+04 9.65E-20 2.0E+04 2.11E-19 8.5E+03 4.92E-19 
1.3E+04 1.17E-19 1.0E+04 4.31E-19 
2.0E+04 9.49E-20 1.5E+04 2.02E-19 
4.0E+04 2.37E-19 2.0E+04 1.21E-19 
7.0E+04 2.99E-19 2.3E+04 1.16E-19 
1.0E+05 2.82E-19 3.0E+04 1.36E-19 
2.0E+05 1.95E-19 4.0E+04 1.74E-19 
3.0E+05 1.41E-19 5.5E+04 

7.0E+04 
1.0E+05 
1.5E+05 
2.0E+05 
3.OE+05 

1.90E-19 
1.82E-19 
1.51E-19 
1.10E-19 
8.42E-20 
5.94E-20 

References; 204, 696, 698, 703, 705 
Accuracy; Unknown 
Motes: (1) Relative cross sections nay be found in Ref. 705. (2) Accuracies 
reported in Refs. 204 and 696 are: systematic error < 10%; random error < 5% 
on each; however, results differ by a factor of 2 at some energies common to 
both experiments. (3) Acceptable polynomial fits to the He*(4'D) data were net 
possible. 

Chebvehev Pitting Parameters for Cross Sections 

He*(4*S) E,,,̂  - 5.0E+02 eV/amu, 
He*(4'P) E M l n - 3.0E+03 eV/amu, "max 

Emax 
3.0B+05 eV/amu 
2.0E+04 eV/amu 

A0 Al A2 A3 A4 AS A6 
He*(4*S) -88.4744 1.72074 -.628284 -.185014 -.137545 -.0287794 .0855418 
H«*(4,P) -85.6466 -.0488093 -.204458 -.0516457 -.0853529 .120960 .0910818 
The fit represents the He*(4lS) cross section with an rms deviation of 13.5%. 
The maximum deviation is 38.5% at 2.0E+04 eV/amu. 
The fit represents the He*(4lP) cross section with an rms deviation of 3.0%. 
The maximum deviation is 5.1% at 1.0E+04 eV/amu. 
Bo fit to He*(4'D) data. 

See appendix for Chebyshev fit details. 
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C-98 

Excitation Cross Sections for 

He* + He -> He* + He*(43S,4'P,4'P) 

He* (4 SS) 

Energy o 
(ev/amu) JOB 2) 

1.2E+03 2.24E-20 
1.8E+0? 4.12E-20 
2.OE+03 3.93E-20 
2.4E+03 3.38E-20 
3.6E+03 7.03E-2O 
4.0E+03 6.50E-20 
5.2E+03 4.84E-20 
7.OE+03 6.B7E-20 
1.0E+04 1.28E-19 
1.5E+04 1.96E-19 
2.0E+04 2.54E-19 
2.6E+04 2.25E-19 

He* (4 5P) He* (4 3D) 

Energy c Energy o 
(ev/amu) (cnt2) (eV/amu) (CMJ) 

2.5E+02 2.15E-20 2.5E+02 2.91E-19 
3.3E+02 2.30E-2O 3.6E+02 3.48E-19 
4.0E+02 2.13E-20 4.0E+02 3.37E-19 
4.7E+02 1.96E-20 6.0E+02 1.96E-19 
7.0E+02 2.97E-">0 7.0E+02 1.82E-19 
1.OE+03 2.06E-20 9.5E+02 2.06E-19 
1.5E+03 2.63E-20 1.OE+03 2.0SE-19 
2 OE+03 3.87E-20 1.5E+03 1.59E-19 
4.OE+03 1.15E-19 2.OE+03 1.36E-19 
4.5E+03 1-17E-19 2.2E+03 1.33E-19 
5.5E+03 1.13E-1-* 3.0E+03 1.53E-19 
7.OE+03 1.24E-1'. 3.7E+03 1.50E-19 
1.0E+04 1.84B-1* 4.OE+03 1.54E-19 
1.5E+04 2.60E-19 7.OE+03 3.55E-19 
2.0E+04 2.06E-19 8.OE+03 3.73E-19 
2.7E+04 1.41E-19 1.0E+04 3.40E-19 
3.2E+04 1.70E-19 2.0E+04 1.57E-19 
3.7E+04 1.41E-19 3.5E+04 6.48E-20 

References: 204, 696, 703, 705, 708 

Accuracy: Unknown 

Motes: (1) Relative cross sections may be found in Refs. 70S and 708. (2} 
Accuracies reported in Refs. 204 and 696 are: systematic error < 10%; random 
error < 5% on each; however, results differ by a factor of 2 at some energies 
cannon to both experiments. (3) Acceptable polynomial fits to these data were 
not possible. 

Chebyshev Fitting Parameters for Cross Sections 

No fits to the cross sections. 

See appendix for Chebyshev fit details. 
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C-loo 

Projectile Excitation Cross Sections for 
He* + He -> He*(n=2) *• He 

Energy Velocity Cross Section 
(eV/aau) (cw/s) (cm2) 
1.0E+03 4.39E+07 3.84E-18 
1.7E+03 5.73E+07 8.16E-18 
2.0E+03 6.21E+07 7.62E-18 
3.0E+03 7.61E+07 5.30E-18 
4.0E+03 8.79E+07 4.35E-18 
5.0E+03 9.82E+07 3.80E-18 
6.0E+03 1.08E*08 3.43E-18 
7.0E+03 1.16E+08 3.16E-18 
8.0"J+O3 1.24E+08 2.96E-18 
9.0E+03 1.32E+08 2.80E-18 
1.0E+04 1.39E+08 2.68E-18 
2.0E+04 1.96E+08 2.30E-18 
2.5E+04 2.20E+08 2.11E-18 
3.0E+04 2.41E+08 1.91E-18 
4.0E+04 2.78E+08 1.55E-18 

References: 699, 704, 705, 713, 714 
Accuracy: E < 70% 
Botes: (1) See Ref. 705 for relative cross sections for excitation of He' 
2*P. (2) For combined excitation of target and projectile see Ref. 714. 

Chebvshev Fitting Parameters for Cross Sections 

Emin " l«°E+03 eV/amu, f^^ - 4.0E+04 eV/aniu 

A0 Al A2 A3 A4 A5 A6 
-80 4224 -.698320 -.116751 .174729 -.194669 .0663496 -.0346561 

The fit represents the above cross section with an rms deviation of 1.4%. 
The maximum deviation is 2.7% at 3.0E+03 eV/amu. 

See appendix for Chebyshev fit details. 
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C-102 

Projectile Excitation Cross Sections for 
He* + He -> He*(n=3) + He 

Energy Velocity Cross Section 
(ev/amu) (cm/s) (cm2) 

7.4E+03 1.19E+08 2.93E-19 
8.0E+03 1.24E+08 4.13E-19 
9.0E+03 1.32E+08 6.76E-19 
1.0E+04 1.39E+08 8.88E-19 
1.5E+04 1.70E+08 1.66E-18 
2.0E+04 1.96E+08 2.43E-18 
2.5E+04 2.20E+08 3.54E-18 

References; 705, 713 
Accuracy; Unknown 
Bote: Ref. 705 gives relative cross sections for excitation of 32P level. 

Chebvshev Fitting Parameters for Cross Sections 

Bndn = 7.4E+03 eV/amu, E,,^ - 2.5E+04 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-82.4466 1.12862 -.190981 .124483 -.0202534 

The fit represents the above cross sectio-.i with an rms deviation of 1.4%. 
The maximum deviation is 2.9% at 8.0E*G.» eV/amu. 

See appendix for Chebyshev fit details. 



C-103 

He* + He - > He\n=3) + He 

Cross Section vs. Energy 
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C-104 

Spectral Line Emission Cross Sections for 
He • H : -> H(Balner-a,Balner-6) 

H(Balmer-a) 

Energy Cross Sect ion 
(eV/amu) {cm1) 

l .SE+02 6.77E-19 
2.0E+02 7.82E-19 
3.0E+02 9.61E-19 
4.0E+02 1.08E-18 
5.0E+02 1.18E-18 
«.0£+02 1.26E-18 
7.06+02 1.34E-18 
8.0E+02 1.40E-18 
9.0E+02 1.45E-18 
1.0E+03 1.51E-18 
2.0E+03 1.80E-18 
3.0E+03 1.89E-18 
4.0E+03 1.89E-18 
5.0E+03 1.84E-18 
6.0E+03 1.76E-18 
7.0E+03 1.65E-18 
7.6E+03 1.58b-18 

H(Balmer-fl) 
Energy Cross S e c t i o n 

(ev/anu) (cm 1) 

1.2E+02 6.93E-20 
1.5E+02 1.34E-19 
2.0E+02 2.18E-19 
3.0E+02 3.34E-19 
4.0E+02 4.11E-19 
5.0E+02 4.56E-19 
6.0E+02 4.85E-19 
7.0E+02 5.07E-19 
8.0E+02 5.2SE-19 
9.0E+02 5.35E-19 
1.0E+03 5.44E-19 
1.3E+03 5.52E-19 
2.0E+03 5.47E-19 
3.0Et03 5.24E-19 
4.0E+03 4.97E-19 
5.0E+03 4.75E-19 
C.0E+03 4.54E-19 
7.0E+03 •..36E-19 
8.0E+03 4.20E-19 

Reference: 461 
Accuracy: unknown 
Botes: (1) The hydrogen Balmer line emission results from dissociative 
excitation of H 2. (2) The Balmer-a emission is the n»3->2 transition (656.i8nm). 
(3) The Balner-0 emission is the n»4->2 transition (486.13nm). 

CheDvshev Fitting Parameters for Cross Sections 

H(Balmer-ci) E m i n - 1.5E+02 eV/amu, 
H(Balmer-A) E m i n - 1.2B+02 ev/amu. 

Emax = 

Emax = 

7.6E+03 
8.0E+03 

eV/amu 
eV/amu 

AO Al A2 A3 A4 AS A6 

IHl*lmmi-a) - 8 2 . 3 9 6 0 .472324 - . 1 9 7 3 1 5 - . 0 4 3 8 4 1 3 - . 0 1 1 6 3 6 6 - . 00308248 5.34J5OE-05 
H(B«lip«r-8) - 8 5 . 1 2 6 4 .676941 - . 5 6 1 8 6 3 .162560 - . 0716643 .0321037 - . 0 1 5 8 5 7 3 

The fit represents the H(Balmer-a) cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.5% at 2.0E+02 eV/amu. 
The fit represents the H(8almer-6) cross section with an rms deviation of 0.9%. 
The maximum deviation is 1.4% at 2.0E+02 ev/amu. 

Tee appendix for Chebyshev fit details. 
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He + H 2 - > H(Bolmer-a, Bolmer-0) 
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C-106 

Excitation Cross Sections for 
He + He -> He(2lS,2'P) 

He(2'S) He(2lP) 

Energy 
(ev/amu) 

.6E+01 

.OE+01 

.5E+01 

.OE+01 

.5E+01 

.OE+01 

.5E+01 

.OE+01 
5.5E+01 
6.OE+01 
7.OE+01 
7.4E+01 

Cross Section 
(c»2) 

00E-19 
25E-19 
17E-18 
52E-18 
73E-18 
90E-18 
07E-18 
20E-18 
33E-18 
44E-18 
65E-18 
72E-18 

Energy Cross Section 
(eV/amu) (cm2) 

1.3E+01 4.83E-18 
1.5E+01 7.85E-18 
2.OE+01 1.52E-17 
2.5E+01 2.39E-17 
3.OE+01 3.03E-17 
3.5E+01 3.59E-17 
4.OE+01 4.05E-17 
5.OE+01 4.70E-17 
6.0Ev01 5.25E-17 
7.OE+01 5.62E-17 
8.OE+01 5.95E-17 
9.OE+01 6.19E-17 
l.OE+02 6.39E-17 
1.5E+02 7.24E-17 

References: 719, 721, 722 
Accuracy; Unknown 
Botes; (1) The data for 2*S state are theoretical data of Olson et al. 
(Ref. 721). The 2'P state data are the experimental data of Kempter et al. 
(Ref. 719) and are approximately a factor of 2 greater than those of Olson 
et al. (2) The experimental data were determined by measuring emission 
line intensities and correcting for branching ratios using known 
transition probabilities. with He, cascading contributions should be less 
than 3%. 

Chebyshev Fitting Parameters for Cross Sections 

He(2'S) 
He/2'P) "mm 

Emin 
1.6E+01 ev/amu, 
1.3E+01 eV/amu, max 

Emax 
7.4E+01 ev/amu 
1.5E+02 ev/amu 

AO Al 
He(2lS) -82.7427 1.30331 
He(2*P) -76.1505 1.23531 

A2 
-.579333 
.420131 

A3 A4 
.299739 -.133372 
.116081 -.0158137 

A5 
.0473667 

-.00167796 

A6 
-.0142447 
-.0033629 

The fit represents the He(2'S) cross section with an mis deviation of 0.5%. 
The maximum deviation is 0.9% at 2.5E+01 eV/amu. 
The fit represents the He(2'P) cross section with an rms deviation of 1.2%. 
The maximum deviation Is 3.0% at 2.0E*01 eV/anw. 

See appendix for Chebyshf>v fit details. 



C-107 

He + He - > He(2 S,2 P) 
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C-108 

Excitation Cross Section for 
He • He -> HeiS'P.S'D^'P.a'D) 

He(3*P) He(3'D) He(3JP| He(3*D) 
Energy o Energy o Energy o Energy a 

(ev/anu) <cm*> (eV/amu) (CM 1 ) (ev/awu) (cm 2) (ev/amu) (cm 1 ) 

2.5E*02 2.27E-18 2.5E+01 1.12E-19 2.5E+01 1.49E-19 2.5E+01 1.67E-19 
3.0E+02 2.12E-18 3.0E+01 2.23E-19 4.0E+01 9.97E-19 3.0E+01 4 .68E-19 
4.0E+02 1.93E-18 4.0E+01 5.21E-19 7.0E+O1 2.45E-18 4.0E+01 1.09E-18 
5.0E+02 1.83E-18 S.OE+01 9.01E-19 1.0E+02 2.68E-18 5.0E+01 1.55E-18 
6.0E+02 1.77E-18 6.0E+01 1.33E-18 2.0E+02 2.20E-18 6.0E+01 1.98E-18 
7.0E+02 1.76E-18 7.0E+01 1.71E-18 4.0E+02 1.58E-18 7.0E+01 2.39E-18 
8.0E+02 1.76E-18 8.0E+01 1.92E-18 7.0E+02 1.35E-18 8.0E+01 2.68E-18 
9.0E+02 1.76E-18 9.0E+01 1.81E-18 1.0E+03 1.47E-18 9.0E+01 2.80E-18 
l.OE+03 1.77E-18 1.0E+02 1.74E-18 1.2E+03 1.64E-18 1.0E+02 2.77E-18 
1.2E+03 1.80E-18 1.1E+02 

1.5E+02 
1.74E-18 
2.31E-18 

1.5E+02 2.44E-18 

References: 718, 719, 723 
Accuracy: Unknown 
Bote: The recommended data for 3*P state have been interpolated between the 
data of Klaura et al. (Ref. 718) (E > 2.5x10* ev/amu) and the low-energy data 
of Kenpter et al. (Ref. 719). This extrapolation is uncertain due to different 
energy dependencies. 

Chebvshev Fitting Parameters for Cross Sections 

He(3'P) E^p = 2.5E+02 eV/amu, 
He(3'D) E^,, - 2.5E+01 eV/amu, 
He(3'P) E,,^ - 2.5E+01 eV/amu, 
He(3'D) E,,̂ ,, - 2.5E+01 eV/amu, 

Emax " 
Emax * 
zmax " 
Emax " 

1.2E+03 ev/amu 
1.5E+02 ev/amu 
1.2E+03 eV/amu 
1.5E+02 ev/amu 

R«()1D) 
Ml)'?) 
H«(3*D) 

AO Al A2 A3 AS A6 

- 8 1 . 5 9 6 5 - . 1 1 6 9 1 1 .0573167 8.08164E-04 - . 0 0 3 6 4 0 4 7 6 .1 I76JB-05 .0018702A 
- • 3 . 4 1 0 2 1.37998 - . 5 0 6 7 7 4 .0626383 .0986308 .0721865 3 .46628E-04 
- 8 2 . 5 4 3 1 .625566 - . 7 8 2 0 7 0 .545218 - . 1 0 0 3 4 6 .0310014 .00459533 
- 8 2 . 5 2 4 2 1.15604 - . 6 0 2 6 5 1 .117602 - . 0 5 3 8 0 5 6 .067312*5 .0230997 

The fit represents the He(3'P) cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.3% at 6.0E+O2 eV/amu. 
The fit represents the He(3'D) croso section with an rms deviation of 1.9%. 
The maximum deviation is 2.8% at 9.0E+OI eV/amu. 
The fit represents the He(3'P> cross section with an rms deviation of 0.7%. 
The maximum deviation is 1.1% at 1.0E+02 ev/amu. 
The fit represents the He(3JD) cross section with an rma deviation of 0.1%. 
The maximum deviation is 0.3% at 9.0E+01 ev/aniu. 

See appendix for Chebyshev fir details. 



C-109 

V-. - iV \ -^3r, ~>3r He + He - > He(3'P,3'D,3JP,3JD) 
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C-110 

Excitation Crocs Sections 
He *• He -> He(4*S,4'P) 

for 

He(4,S) He(41S) cont. He(41P) 

Energy a Energy o Energy o 
ieV/aau) (cm*) (ev/amu) (cm2) (ev/amu) (cm2) 

1.7E+01 2.OOE-20 5.0E+03 2.96E-19 5.0E+03 3.65E-19 
2.0E+01 2.98E-20 6.0E+03 3.37E-19 5.5E+03 3.88E-19 
3.06*01 9.53E-20 7.0E+03 3.78E-19 6.0E+03 4.06E-19 
4.0E+01 2.37E-19 8.0E+03 4.11E-19 7.0E+03 4.23E-19 
5.06+01 4.71E-19 9.0E+03 4.40E-19 8.0E+03 4.06E-19 
6.0E+01 7.06E-19 1.0E+04 4.61E-19 9.0E+03 3.85E-19 
7.0E+01 8.91E-19 1.5E+04 5.11E-19 1.0E+04 3.60E-19 
7.9E+01 1.05E-1B 2.0E+04 4.72E-19 1.5E+04 2.61E-19 
9.0E+01 1.19E-18 2.5E+04 4.22E-19 2.0E+04 1.88E-19 
1.0E+02 1.33E-18 2.4E+04 1.50E-19 
1.5B+02 1.90E-18 
1.8E+02 2.15E-18 

References; 703, 719, 723 
Accuracy; Unknown 
Bote; The 4*S data in the low and high energy ranges are plotted 
individually to indicate the problems involved in comparing and 
interpolating between low and high energy dati. use these data with 
caution. 

Chebvshev Fitting Parameters for Cross Sections 

He(41S) E^,, - 1.7E+01 ev/amu, 
He(4'S) E,„in = 5.0E+03 eV/amu, 
He(4*P) Ejnj,, - 5.0E+03 eV/amu, 

max 
Bmax 
"max 

1.8E+02 ev/amu 
2.5E+04 ev/amu 
2.4E+04 ev/amu 

AO Al 
He(4lS) -85.2188 2.41501 
He(4lS) -84.6731 .196616 
He(4'D) -85.4091 -.479796 

A? A3 A4 A5 A6 
487597 -.0727179 .111514 -.00381501 -.0352846 
160691 -.0239012 .00732614 .00447306 .00338388 
.191704 .0341683 -.0126641 .00116120 .00977808 

The fit represents the He(4'S) cross section with an rms deviation of 1.2%. 
The maximum deviation is 2.3% at 4.0E+01 ev/amu. 
The fit represents the He(4'S) cross section with an rms deviation 
The maximum deviation is 0.4% at 7.1E+03 ev/amu. 

of 0.2%. 

The fit represents the He(4'p) cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.6% at 8.0E+03 ev/amu. 

See appendix for Chebyshev fit details. 
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C-112 

Excitation Cross Sections 
He + He -> He(4JS,45P) 

for 

He(43S) He(43S) cont. He(4JP) 

Energy o Energy o Energy r 
(eV/amu) (cmJ) (eV/amu) (cm2) (ev/amu) (cm2) 

2.4E+01 2.53E-:»0 5.0E+03 4.37E-19 2.5E+02 2.78E-18 
2.5E+01 2.90E-20 5.5E+03 4.47E-19 4.0E+2 1.38E-18 
3.0E+01 5.97E-20 6.0E+03 4.66E-19 7.0E+02 8.79E-19 
3.5E+01 1.07E-19 7.0E+03 4.90E-19 1.0E+03 8.23E-19 
4.0E+01 1.59E-19 8.0E+03 5.29E-19 2.0E+03 7.68E-19 
4.5E+01 2.08E-19 9.0E+03 5.47E-19 4.0E+03 7.14E-19 
5.0E+01 2.62E-19 1.0E+04 5.14E-19 7.0E+03 7.07E-19 
5.5E+01 3.15E-19 1.1E+04 4.88E-19 1.0E+04 5.6? -19 
t.OE+01 3.65E-19 1.5E+04 5.30E-19 1.5E+04 3.11E-19 
7.0E+01 4.61E-19 2.0E+04 6.12E-19 2.0E+04 1.95E-19 
8.0E+01 5.43E-19 2.5E+04 6.77E-19 
8.8E+01 5.95E-19 

References; 703, 718, 719, 720, 723 
Accuracy: Unknown 
Hote; No atteir . has been made to interpolate between the low and high 
energy data fo, the 4's state, use these data with caution. 

Chebysnev Fitting Parameters for Cross Sections 

He(4»S) 
He(43S) 
HC(4'P) 

^min 
Emin 
Emin 

2.4E+01 ev/amu, Emax 

5.0E+03 ev/amu, E , ^ 
2.5E+02 eV/amu, E„ "max 

8.8E+01 eV/amu 
2.5E+04 ev/amu 
2.0E+04 eV/amu 

AO Al 
He(4JS) -86.5334 1.37661 
He(4'S) -84.1641 .186801 
H»(4*P) -83.4554 -.954640 

A2 
.301332 
.0274621 
.0267074 

A3 
.0231287 
.0565092 
-.366176 

A4 
.0147011 

-.00857002 
-.0251284 

A5 A6 
-.0218801 .0103488 
-.0283410 .0102453 
-.0183797 .0210686 

The fit represents the He;4'S) cross section with an rms deviation of 0.4%. 
The maximum deviation is 1.0% at 4.5E+01 ev/amu. 
The fit represents the He(43S) cross section with an rms deviation of 2.1%. 
Tht may«mum deviation is 3.6% at l.lE-»04 ev/amu. 
The fit represents the He(4*P) cross section with an rms deviation of 3.5%. 
The maximum deviation is 6.2% at 4.0E>03 ev/amu. 

See appendix for Chebyshev fit details. 
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C-114 

Excitation and Ion-Pair Production Cross Sections for 
He + He -> Autoionizing States 

<p 2r2p 

Energy 
(eV/a*o) 

2.5E*03 
3.0E»03 
4.0E»03 

-0E»03 
.0E .03 
.OE»03 
.OE«03 
-OE»03 
.OE»04 
•4E»04 
.5B»04 
.OE»04 
.OE»04 

3.5E*04 

6.B3E-20 
8 .84E-20 
1.32E-19 
1.80E-19 
2.28E-19 
2 .82E-19 
3 .37E-19 
3.90E-19 
4 .33E-I9 
5 .20E-19 
5 .19E-19 
4 .54E-19 
3 .31E-19 
2.86E-19 

Energy 
( • v / a a u ) 

2.5E«03 
3.0E»03 
4.0E*03 
5.0E»03 
j.CE»03 
7.0E«03 
8.0E»03 
i.OE»03 

.0E»O4 
1.5E*04 
2.0E»C4 
2.0E*04 
3.5E»04 

(c ) 
Energy 

(aV/aaul 

72E-20 
04E-20 
70E-20 
37E-20 
01E .'0 
74E-20 
42E-20 
16E-20 

6 .96E-20 
1 .30E-19 
2 . 5 1 E - 1 9 
4 . 2 8 E - I 9 
4 .92E-19 

5E»03 
OE»03 
0E»O3 
0 f 0 3 
0E*03 
0E«03 

e .0E»03 
9 .0E-03 

0E»04 
2E«04 
5£»04 
OE»04 
0E»04 

3 .5E '04 

2 .01E-I9 
2 .55E-19 
3 .57E-19 
4 .42E-19 
5 .18E-19 
5 .74E-19 
6 .16E-19 

.49E-19 
-72E-19 
.89E-5.9 
-58E-19 
.42E-19 

I .57E-19 
1.22E-19 

Energy 
ItV/SUU! 

2.5E*G3 
3.0E»C3 
4.0E»03 
5.0E«03 
6.0E»03 
7.0E»03 
8.0E»03 
9.0E»03 
1.0E»04 
1.3E»04 
I .5E»04 
2.0E»C4 
3.0E»04 
3.5E*C4 

1.11E-19 
1.52E-19 

27E-19 
91E-19 
48E-19 
05E-19 
53E-19 
05E-19 
49E-19 
18E-39 

5 .92E-19 
4 .82E-19 
3 . 3 8 E - t 9 
2 .89E-19 

Energy 
( e V / u n i ) 

3.7E<03 
4.OE»03 
5.0E»03 
6.0E»03 
7.0E»03 
7.7E»03 
8.0E»03 
9.0E*03 
I .0£»04 
1.5E»04 
2.0E»0--
3.0E«04 
3.5E»04 

a 

2 . 4 5 E - 1 9 
2 . S 0 E - I 9 
3 . 0 5 E - I 9 
3 .43E-19 
3 .76E-19 
3.A3E-19 
3 . 8 0 E - I 9 
3 .41E-19 
2 . 8 0 E - 1 9 
8 .38E-20 
3 . 7 6 E - 2 0 
2 . 2 2 E - 2 0 
1 .99E-20 

References. 724, 725, 726 

Accuracy; Unknown 

Bote; The l s2s 2 2S s t a t e i s the autodetaching s t a t e of He". 

Chebvshev F i t t i ng Parameters for Cross Sections 

2s' lS 
2s2p JP 
2p' *D 
2s2p lP 
He"(ls2s z; \'s 

Emin 
^ i n 

Eniin 
Emin 

Emin 

2.5E+03 eV/amu, 
2.5E+03 eV/amu, 
2.5E+03 eV/ajmi, 
2.5E+03 eV/aniu, 
3.7E+03 eV/aniu, 

"max 

"max 
Emax 

3.5E+04 
3.5E+04 
3.5E+04 
3.5E+04 
3.5E+04 

eV/amu 
eV/amu 
eV/amu 
eV/amu 
ev/anui 

AO Al A2 A3 A4 A5 At 

2»' 'S 
2«2p 3P 
2p 2 »D 
2l2p *P 
He"(l»2»2)JS 

-85.8524 799247 -.526341 -.114359 
-87.8698 1.74012 .165859 -.0382066 
-85.2799 -.217724 -.729656 -.0810841 
-85.2994 .497649 -.530222 -.0630468 
-81.4403 -1.52170 .498463 .350749 

.0439092 .0371210 -.00499344 
-.0794670 -.0352277 .0132924 
.0662609 .0581753 .00536077 
.0249202 .0444313 -5.43766E-04 
.157944 -.0929551 -.0455722 

The fit represents the 2e' 'S cross section with an rms deviation of 1.1%. 
The maximum deviation is 2.2% at 2.0E+04 ev/amu. 
The fit represents the 2o2p JP cross section with an rms deviation of 2.4%. 
The maximum deviation is 5.2% at 1.5E+04 &v7amu. 
The fit represents tne 2p2 'D cross section with an rms deviation of 2.0%. 
The maximum deviation is 3.6% at 2.0E+04 ev/amu. 
The fit represents th« 
The max i mum dev i at i on 

^s2p *P cross section with an rms deviation of 1.8%. 
is 3.7% at 2.0E+04 eV/anui. 

The fit represents the He'( ls2sJ) 'S cross section with an rms deviation of 1.9%. 
The maximum deviation is ).4% at 1.5E+04 r-V/amu. 

See appendix for ChebyRh*"/ fit detail?;. 



C-115 

He + He - > He(2s2p2P, 2s2p ,P. 2s 2 ,S, 2p2,D) 
He +- He - > He~(1s2s52S) 
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T 1 1 1 I I I T 1—T 

J I, I I I I 1 I I J I I I ] I I I 

A = He(2s2p*P) 

x = HeQs2p'P) 
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* = HeTls2sMS) 

Recommended 
•Data 

Chebyshev Fit 
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C-116 

Excitation Cross Sections for 

He' • H -> H(2s,2p) 

H(2B) H(2p) 
Energy Cross Section 
(ev/amu) {cm2) 

2.5E+04 1.41E-16 
3.0E+04 1.16E-16 
4.0E+04 8.70E-17 
5.0E+04 6.97E-17 
6.0E+04 5.77E-17 
7.0E+04 4.98E-17 
8.0E404 4.37E-17 
9.0E+04 3.86E-17 
1.0E+05 3.50E-17 
1.5E+05 2.35E-17 
2.0E+05 1.79E-17 
3.0E+05 1.22E-17 
4.0E+05 9.42B-18 
5.0E+05 7.75E-18 
5.6E+05 7.06E-18 

Energy Cross Section 
(eV/amu) (OB 2) 

2.5E+04 1.68E-16 
3.0E+04 1.75E-16 
4.0E+04 '.84E-16 
5.0E+04 1.92E-16 
6.0E+04 1.97E-16 
7.0E+04 2.01E-16 
8.0E+04 2.05E-16 
9.0E+04 2.06E-16 
1.0E+05 2.08E-16 
1.5E+05 2.07E-16 
2.0E+05 1.97E-16 
3.0E+05 1.69E-16 
4.0E+05 1.45E-16 
5.0E+05 1.31E-16 
5.4E+05 1.29E-16 

Reference; 174 
Accuracy; Unknown 
Mote; The curves are results of theoretical calculations for the excitation of 
H(ls) by He inpact. Ref. 174 compares the results of calculations using 
alternative basis sets together with a full explanation of the estimated 
accuracy at different He2* energies. 

Chebvshev Fitting Parameters for Cross Sections 

H(2s) 
H(2p) Snin 

Emin 
2.5E+04 
2.5E+04 

ev/amu, 
eV/amu, pmax 

Siax 
5.6E+05 
5.4E+05 

ev/amu 
ev/amu 

AO Al A2 A3 A4 A5 A6 
iu2*) -76.0595 -1.50152 
H(2p) -72.5902 -.122617 

.0300296 .00522842 .00296312 -4.05387E 04.00159517 

.180664 -.0249549 .0157733 .0139456 .00499314 

The fit represents H(2s) cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.5% at 6.0E+04 ev/amu. 
The fit represents K(2p) cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.3% at 4.OE+04 ev/amu. 

See appendix for Chebyshev fit details. 
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2 * He' + H - > H(2s,2p) 
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C-118 

Projectile Excitation Cross Sections for 
He(2'S) • He(llS) -> He(3*P) • He 

Energy Velocity Cross Section 
(eV/amu) (cm/s) (c*2) 
5.0E+01 9.82E+06 3.44E-18 
6.0E+01 1.08E+07 4.55E-18 
7.0E+01 1.16E+07 5.27E-18 
8.0E+01 1.24E+07 5.66E-18 
9.0B+01 1.32E+07 5.84E-18 
1.0E+02 1.39E+07 5.93E-18 
1.5E+02 1.70E+07 4.63E-18 
2.0E+02 1.96E+07 3.94E-18 
2.5E*02 2.20E+07 4.44E-18 
3.0E+02 2.41E+07 5.57E-18 
4.0E+02 2.78E+07 6.82E-18 
5.0E+02 3.11B+07 6.97E-18 
6.0E+02 3.40E*07 6.76E-18 
7.0E+02 3.68E+07 6.35E-18 
8.0E+02 3.93E+07 S.88E-1B 
9.0E+O2 4.17E+07 5.35E-18 
1.0E+03 4.39E+07 4.80E-18 
1.2E+03 4.81E+07 3.50E-18 

References: 728, 729 
Accuracy; Unknown 
Hotes: (1) Results from Ref. 728 correspond to projectile emission 
measurements and no corrections were made for contamination of metastable 
atomic beam with ground state atoms. Results have been normalized by the 
authors to previous results on excitation. (2) Experimental details of 
Ref. 729 are unknown. 

Chebvshev Fitting Parameters for Cross Sections 

E,,,^ - 5.0E+01 eV/amu, E,,,^ - 1.2E+03 eV/amu 

AO Al A2 A3 A4 A5 A6 
79,7131 .0521928 -.176441 -.0874202 -.203462 .0710365 .0424143 

The fit represents the above cross section with an rms deviation of 4.9%. 
The maximum deviation is 10.5% at 2.0E+02 eV/amu. 

See appendix for Chebyshev fit details. 
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Hei23S) + He(l'S) - > HeC3'P) + He 
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A = He(3'P) 
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C-120 

Projectile Excitation Cross Sections for 
He(2JS) + Hell'S) -> He(3*P) • He 

Energy Velocity Cross Section 
(ev/anu) (cm/s) (cm1) 

3.5E+01 8.22E+06 3.51E-17 
4.0E+01 8.79E+06 4.07E-17 
5.0E+01 9.82E+06 5.05E-17 
6.0E+01 1.08E+07 5.96E-17 
7.0E+01 1.16E+07 6.67E-17 
8.oe+oi 1.24E+07 7.23E-17 
9.0E«>1 1.32E+07 7.70E-17 
1.0E+02 1.39E+07 8.11E-17 
1.5E+02 1.70E+07 9.36E-17 
2.0E+O2 1.96E+07 9.94E-17 
2.5E+02 2.2OE+07 1.02E-16 
3.0E+O2 2.41E+07 1.03E-16 
4.0E+02 2.78E+07 1.02E-16 
5.0E+02 3.11E+07 1.00E-16 
6.0E+02 3.40F*07 9.93E-17 
7.0E+02 3.68E+07 9.82E-17 
8.0E+02 3.93E+07 9.68E-17 
9.0E+02 4.17E+07 9.49E-17 
1.0E+03 4.39E+07 9.35E-17 
1.3E+03 5.01E+07 8.48E-17 

References; 728, 729 
Accuracy; Unknown 
Wotes; (1) Results from Ref. 728 correspond to projectile emission 
measurements and no corrections were made for contamination of metast.tble 
atomic beam with ground state atoms. (2) Results have been normalized by 
the authors to previous results on excitation. (3) Experimental details 
of Ref. 729 are unknown. 

Chebyshev Fitting Parameters for Cross Sections 

Emin * 3-5E+01 eV/amu, E m a x « 1.3E+03 eV/amu 

AO Al A2 A3 A4 A5 A6 
-74.2632 .399374 -.300481 .0525981 -.0111543 -.00859422 -.00474980 

The fit represents the above cross section with an rms deviation of 0.4%. 
The maximum deviation is 0.8% at 5.0E+01 -V/amu. 

See appendix for Chebyshev fit details. 



C-121 

HeU3S) +- Hevi'S) - > He(33P) + He 

Cross Section vs. Energy 
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A = He(3JP) 
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C-122 

Projectile Excitation Cross Sections for 
He(2 3S) + He(l'S) -> He(4 ,S,4 30) + He 

He(4 JS) He(4 3D) 

Energy Cross S e c t i o n Energy Cross Sec t ion 
(eV/amu) (cm 2) (ev/amu) (cm 2) 

7.0E+01 1.17E-18 6.0E+01 6.96E-18 
8.0E+01 9.49E-19 7.0E+01 7.98E-18 
9.0E+01 8.39E-19 8.0E+01 9.02E-18 
1.0E+02 7.81E-19 9.0E+01 9.94E-18 
1.5E+02 1.22E-18 1.0E+02 1.07E-17 
2.0E+02 1.62E-18 1.5E+02 1.36E-17 
3.0E+02 1.99E-18 2.0E+02 1.49E-17 
1.0E+04 2.70B-18 2.5E+02 1.52E-17 
1.5E+04 2.16E-18 3.0E+02 1.42E-17 
2.0E+04 1.76E-18 4.0E+02 1.16E-17 
2.5E+04 1.49E-18 5.0E+02 1.05E-17 
2.7E+04 1.39E-18 6.0E+02 1.09E-17 

7.OE+02 1.16E-17 
8.0E+02 1.21E-17 
9.0E+02 1.26E-17 
1.0E+03 1.29E-17 
1.5E+03 I.39E-17 
2.0E+03 1.39E-17 
3.0E+03 1.33E-17 
4.0E+03 1.22E-17 
5.0E+03 1.11E-17 
6.0E+03 1.00E-17 
7.0E+03 9.02E-18 
8.0E+03 8.13E-18 
9.0E+03 7.36E-18 
1.0E+04 6.61E-18 
1.5E+04 3.87E-18 
2.0E+04 2.28E-18 
2.5E+04 1.41E-18 

References; 727, 728, 729, 730 
Accuracy: Unknown 
Motes; (1) Results from Ref. 728 correspond to projectile emission cross 
sections and no correction was made for contamination of metastable atomic 
beam with ground state atoms. (2) Results have been normalized by the 
authors to previous results on excitation. (3) Experimental details of 
Ref. 729 are unknown. (4, Dotted curve for 4'S excitation between .3 and 
10 keV/amu represents ai. interpolation between the data of Ref. 727 and 
Ref. 729, and has a large uncertainty. 

He(4'S) 
He(4'D) 

AO 

H«<«'D) 

Chebvshev Fitting Parameters for Cross Sections 

''min 
Emin 

Al 

7.0E+01 
6.0E+01 
A2 

eV/amu, 
ev/amu, 

Al 

E, max 
Emax 

A4 

- 8 1 . 7 0 9 1 .309933 - . 4 7 3 2 4 4 - . 0741860 .0174929 
- 7 8 . 8 4 0 0 - . 6 3 7 1 6 7 - . 7 1 9 6 6 8 - .186552 - . 198706 

- 2 .7E+04 eV/amu 
- 2. 5E+04 ev/amu 

A5 A6 A7 A8 

.112721 .0812889 - . 0 4 1 6 8 1 1 .0437011 
0689624 .0116222 - . 0 6 1 8 0 0 8 .0358345 

The fit represents the He(4 1S) cross section with an rms deviation of 2.6%. 
The maximum deviation is 7.0% at 1.0E+02 ev/anui. 
The fit represents the He(4'D) cross section with an rms deviation of 3.7%. 
The maximum deviation is 9.8% at S.0E-»02 fj/amu. 

See appendix for Chebyshev fit details. 



C-123 

HeG3S) + He - > He(43S,43D) + He 

Cross Section vs. Energy 
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C-124 

Target Excitation Crosse Sections for 
He(2'S) + He(l*S) -> He • He(4JS,4JD) 

He(43S) He(4'D) 
Energy Cros«* Section 
(ev/aau) (as*) 
5.0B+0J 6.41E-18 
6.0E+03 7.20E-18 
7.0B+03 7.72E-18 
8.0E+03 7.92E-18 
9.0E+03 8.01E-18 
i.oe+04 7.89E-18 
1.5B+04 5.87E-18 
2.0E+04 3.35E-18 
2.5E+04 1.50E-18 

Energy Cross Section 
(eV/ami) (cm2) 
5.0E+O3 1.17E-17 
6.0E+03 1.39E-17 
7.0E+03 1.48E-17 
7.5E+03 1.49E-17 
8.0E+03 1.47E-17 
9.0E+O3 1.38E-17 
I.OE+04 1.22E-17 
1.2E+04 6.16E-18 
1.5E+04 3.51E-18 
2.0E+04 1.74E-18 
2.3E+04 1.28E-18 

References; 727, 730 
Accuracy; 40% 
Bote; Data are for excitation of the ground state He target atom by 
netastable Her2 S) projectile atom. 

Chebvshev Fitting Parameters for Cross Sections 

He • He(4JS) E,,̂ ,, * 5.0E+03 ev/amu, E ^ ^ * 2.5E+04 eV/amu 
He • He(4*D) E,^,, - 5.0E+03 ev/amu, E J B a x - 2.3B+04 ev/awu 

A0 Al A! A3 A4 A5 A6 

B« • H»(4*S) -79.6926 -.631297 -.••1191 -.091038* -.0216050 -.00467890 .00182959 
B» • H«(« 5D) -79.4099 -1.23537 -.423173 .177825 .0609486 -.0537149 -.0270941 

The fit represents He + He(4*S) cross section with an rms deviation of 0. 
The maximum deviation is 0.4% at 8.0E+03 eV/amu. 
The fit represents He + He(4'D) croBS section with an rms deviation of 4. 
The maxim»t» deviation is 10.7% at 1.2E+04 eV/amu. 

See appendix for Chebyshev fit details. 



C-125 

He(23S; + He(l'S) - > He(43S,43D) + He 
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-126 

Excitation and Spectral Line Emission Cross Sett ions for 
H* + Li(2s) -> H* • Li(2p) 

-> H* • Li(670.8nm) 

Li(2p) Li(670.8nM) 
Energy Cross Section Energy Cross Secti 
(ev/amu) (am2) (ev/amu) (cm*) 

5.0E+Q2 9.56E-16 2.OE+03 2.97E-15 
7.0B+02 1-20E-15 2.5E+03 3.352-15 
1.0E+03 1.50E-15 3.0E+03 3.69E-15 
1.5B+03 1.91E-15 4.0E+03 4.04E-15 
2.0E+03 2.25E-15 5.0E+03 4.27E-15 
4.0E+03 3.06E-15 6.0E+03 4.43E-15 
7.0E+03 3.6iE-15 7.0E+03 4.53E-15 
1.06+04 3.96E-15 8.0E+03 4.60E-15 
1.3E+04 3.99E-15 9.DE+03 4.65E-15 
2.0E+04 3.88E-15 1.0E+04 4.69E-1S 
4.0E+04 2.38E-15 1.5E+04 4.73E-15 
7.0E+04 1.42E-15 2.0E+04 4.55E-15 
1.0E+05 1.03E-15 
1.3E+05 8.17E-16 

References; Li(2p); 257, 285 
Li(670.8nm) emission; 258, 732, 734 

Accuracy; Unknown 
Botes: (1) The ground state of Li is the 2s state. (2) The resonance line of 
Li is the 2p -> 2s transition at a wavelength of 670.8nm. (3) Hyers et al. 
(Kef. 734) have also measured emission cross sections for this reaction in the 
energy region 100-1500 eV/amu. Their result a are more than an order of 
magnitude lower than the recommended data in the energy overlap region. 

Chebv8hev Pitting Parameters for Cross Sections 

Li(2p) 
Li(670.8 ain 

•in 
5.0E+02 ev/arnu, £ _ - . 
2.0E+03 eV/amu, EJJ££ 

1.3E+05 ev/amu 
2 . 0 E T 0 4 ev/amu 

AO Al A2 A3 A4 AS A6 

IMlp) -67.9417 -.00941077 -.745522 -.112088 .0*53106 
11{670.8 naj -66.2671 .20*208 -.0976211 .00780915 -.00712239 

.0512591 .0155081 
-.00227550 .00106925 

The fit represents Ll(2p) cross section with an rms deviation of 1.9%. 
The maximum deviation is 3.6% at 4.0E+04 eV/amu. 
The fit represents Li(670.8 nm) cross section with an rms deviation of 0.)%. 
The maximum deviation 1B 0.4* at 2.5E+03 ev/anw. 

See appendix for Chebysfcev fit details. 
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H+ + U2s) - > Li(2p, 670.8 nm emission) 

Cross Section vs. Energy 

A = LK670.8 nm) 

x = UC2*>) 
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Chebyshev Fit 
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C-128 

Total Spectral Line Emission Cross Sections for 
He* • Li(2s) -> He* • Li(670.8nm) 

Energy 
(ev/amu) 

5.0E+02 
6.0E+02 
7.0E*02 
8.0E+02 
9.0B+02 
1.0E+03 
1.5E+03 
2.0E+03 
•5E+03 
.0E+03 
.OE+03 
.5E+03 
.OE+03 

2. 
3. 
4. 
4. 
5. 

velocity 
(cm/s) 

3-11E+07 
3.40E+07 
3.68E+07 
3.93E+07 
4.17B+07 
4.39E+07 
5.38E+07 
6.21E+C7 
6.95EV^7 
7.61E+07 
8.79E+07 
9.32E+07 
9.82E+07 

Cross Section 
(cm7) 

5.58E-16 
6.55E-16 
7.48E-16 
8.43E-16 
9.33E-16 
1.03E-15 
1.47E-15 
1.93E-15 
2.43E-I5 
2.90E-I5 
3.39E-15 
3.51E-15 
3.52E-15 

References; 267, 732, 734 
Accuracy: Unknown 
Botes: (1) The 2p -> 2s transition at 670.8nm is the resonance transition 
of M . (2) The emission cross section includes cascading into the 2p state 
from the upper levels. (3) As far as we are aware no data for the cross 
sections for the 2p state excitation exist- (4) Myers et al. (Ref. 734) 
obtained data for the emission cross seer ions in the energy range 50-375 
eV/amu. Their measurements are an orjer of magnitude less than the 
recommended data at 400 eV/amu. 

Clebvshev fitting Parameters for Cross Sections 

E | B i n » 5.0B+02 eV/amu, t^^ = 5.0E+03 eV/amu 

A0 Al A2 A3 
-68.2494 .976730 -.0528574 -.0520709 

A4 A5 A6 
.0299645 -.00494558 .00671922 

The fit represents the above cross section with an rms deviation of 0.5%. 
The maximum deviation is 0.8% at 2.0E+03 eV/amu. 

See appendix for Chebyshev fit details. 
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He* + LK2s) - > Li(2p) (670.8 nni emission) 
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C-130 

Excitation and Spectral Line Emission Cross Sections for 
Be 1* • Li(2s) -> He 1 • I»i»2p) 

-> He1* + Li (670.8-.-) 

Li(2p) Lil2p) (cont.) Li (670. Bran) 
Energy o Energy a Energy 0 

(ev/aw) (CJ»*) (eV/amu) lem*) (eV/ajM) {cm1) 

1.4E+02 3.90E-17 3.8E+03 2.79E-15 3.7E+03 2.92E-15 
2.0E+02 6.43E-17 4.0E+03 2.94E-15 4.0E+03 3.13E-15 
3.0E+O2 1.11E-16 7.0E+03 4.93E-15 7.0E+03 5.21E-15 
4.0E+02 1.62E-16 1.0E+04 6.57E-15 1.0E+04 6.96E-15 
S.OE+02 2.18E-16 2.0E+04 7.93E-15 1.5E+04 6.4SE-15 
6.0E+O2 2.73E-16 2.6E+04 8.12E-1S 2.0E+04 9.07E-15 
7.0E+02 3.28E-16 4.05+04 7.50E-15 2.6E+04 9.21E-15 
8-0E+02 3.84E-16 7.0B+04 6.04E-15 4.0E+04 8.69E-15 
9.0E+C2 4.36E-16 1.0E+05 5.10E-15 7.0E+04 6.94E-15 
1.0E+0* 4.90E-16 2-0E+05 3.25E-1S 1.0E+05 5.81B-15 
1.5E+03 7.52E-16 4.0E+05 1.82E-1S 1.5B+05 4.70E-15 
2.0E+03 9.89E-16 7.0E+05 

1.0E+06 
2.C5+06 
2.7E+06 

1.09E-15 
7.68E-16 
3.93E-16 
2.95E-16 

References: Li(2p); 73:, 733, 735 
Li(670.8nm) eaiission; 259, 733, 735 

Accuracy: Unknown 
Motes: (1) The 2p -> 2s is the resonance transition of Li with x - 670.8nm. 
(2) Bo attempt has been made to join the low energy data of Barrett Kid 
Leventhal (Ref. 259) to the data of Kadota et al. (Ref. ?33). (3) The data of 
Kadota et al. have been extended to 2.5x10* ev/amu using the theoretical data 
of Ermolaev et al. (Ref. 731). 

Chebvshev Fitting Parameters for Cross Sections 

Li(2p) E _ l n - 1.4E+02 eV/amu, 
Li(2p) C i n - 3.8E+03 eV/amu 
Li(670.8 nm) E^"„ - 3.7E+03 eV/amu, "max 

2.0E»03 ev/amu 
2.7E+06 eV/amu 
1.5E*05 ev/a 

At Al A2 A3 A4 AS A6 

Ll(2p) -'•7.16J2 1.62490 -.0826001 
Ll(2p) -67.5165 -1.117*2 -.$67548 
LI(670.6 n») -65.6114 .210669 -.460211 

.0110092 .00206946 .00276599 -.00427450 

. 196269 -.0106016 .00116619 .0110240 

.0151576 .0JJO529 -.00674795 .00505234 

The fir. represents Li(2p) excitation cross section with an rms deviation of 
0.2%. 
The maximum deviation is 0.4% at 4.0E+02 r>v/antu. 
The fit represents Li(2p) cro3B section with an rms deviation of J.1%. 
The maximum deviation is 2.3% at 7.0B+01 eV/amu. 
The fit represents Li(670.8 nm) cross section with an rms deviation of 0.4%. 
The maximum deviation is 0.b% at. 7.0E+04 eV/amti. 
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He2* + Li(2s) - > Li(2p, 670.8 nm emission) 

Cross Section vs. Energy 

A = LK670.8 nm) 

x = U2p) 

V = U(2p) 

102 IO3 104 IO5 icr 
Energy (eV/omu) 

10 

Recommended 
•Dotn 

Chebyshev Fit 



D. Cross Sections for Ionization and Production of Charged Particles 
(* denotes rate coefficient data also) 

Page 
H + H 2 -> Total Slow Positive Ion Production • . . D-2 

-> Total Slow Electron Production D-2 
-> H + H2* + e D-4 

H * + H - > H * + H * + e D-6* 
H* + H" -> H2* + e D-12 
H* + H 2 -> Total Slow Electron Production . . . . D-14 

-> H* + H 2 + e . . D-16 
-> Total Production of H2* D-16 
-> Total Production of H* D-16 

H* + He -> Electrons and H" D-18* 
-> H* + He* + e D-24* 
-> (H + He*) or (H* + He* + e) D-24* 
-> H* + He2* + 2e D-34* 
-> (H- + He2*) or (H* + He2* + 2e) D-34* 

He(21S) + H -> He + H* + e D-42 
-> HeH* + e D-42 
-> (He + H* + e) or (HeH* - e) . . . . D-42 

He(23S) + H -> He + H* + e D-44 
-> HeH* + e . . D-44 
-> (He + H* • e) or (HeH* + e) . . . . D-44 

He(23S) •*• H 2 -> Total Ionization D-46 
-> Rearrangement Ionization D-46 

He(21S) + H 2 -> Total Ionization D-48 
-> Rearrangement Ionization D-48 

H* + He* -> (H* + He2* + e) D-50* 
-> (H* + He2* + e) or (H° - He2*) . . . . D-SO* 

He* + He* -> (He* + He2* + e) D-58* 
-> (He + He2*) or (He* + He2* + e) . . . D-58* 

He + H;> -> Total Slow Positive Ion Production . . D-64 
-> Total Slow Electron Production D-64 
-> He + H?* • e D-66 
-> Total H* Production D-66 

He + He -> Total Slow Positive Ion Production . . . D-68 
-> Total Slow Electron Production P-So 
-> He + He' • e D-70 
-> He + He2* + 2e D-70 



D. (Cont'd) 

He* + H -> He* + H* + e D-72* 
He* + H 2 -> Total Slow Positive Ion Production . . D-76 

-> Total Slow Electron Production . . . . D-76 
He* + H 2 -> (He » H2*) or (He* + H2* • e) 0-78 

-> Total H* Production D-78 
-> He* + H* + H* + 2e D-78 

He* + He -> Total Slow Positive Ion PrcJuction . . D-80* 
-> Total Slow Electron Production . . . . D-80* 
-> He* + He* + e D-90* 
-> He* + He2* + 2e D-90* 

He2* + H -> He2* + H* + e D-96* 
He2* + H 2 -> Total Slow Positive Ion Production . . D-100 

-> Total Slow Electron Production . . . . D-100 
-> Total H* Production D-102 
-> H* Production by Ionization Collisions D-102 
-> Total H2* Production D-102 
-> H2* Production by Single-Ionization . D-102 

He2* • He -> Total Slow Positive Ion Production . . D-104* 
-> Total Slow Electron Production . . . . D-104* 
-> He2* + He* + e D-114* 
-> He2* + He2* + 2e D-114* 

H* + Li -> H* + Li* + e D-122* 
He* * Li -> He* + Li* + e D-126 
He2* + Li -> He2* + Li* + e D-128* 
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Cross Sections for Slew Positive-Ion and Electron Production 
of Hydrogen Atoms with Molecular Hydrogen 

H • B- -> Total Slow Positive Ion Prod. 
H • H 2 -> Total Slow electron Prod. 

in Collisions 

Slow Positive Ion Production Electron Production 
Energy Cross Section 
(ev/amu) (cm1) 

4.0E+01 5.51B-19 
7.0E+01 1.656-18 
1.0E+02 2.51E-18 
2.0E+02 3.37E-18 
3.OE+02 3.17E-18 
4.0E+02 3.26E-18 
7.0B+02 4.73E-18 
1.0E+03 7.28E-13 
2.05+03 1.97E-17 
4.0E+03 5.06E-17 
1.0E+04 1.27E-16 
2.0E+04 1.75E-16 
4.0E+04 1.60F-16 
1.0E+05 1.15» *6 
2.0E+05 8.14E--/ 
4.0E+05 5.02E-17 

Energy Cross Section 
(eV/asu) (OS*) 

8.0E+01 2.B3E-19 
1.0E+02 5.71E-19 
2.0E+02 2.65E-18 
4.0B+02 9.67E-18 
7.0E+O2 2.38E-17 
1.0E+03 3.98E-17 
2.0E+03 9.33E-17 
3.0E+03 1.24E-16 
4.0B+03 1.29E-16 
5.0E+03 1.32E-16 
7.0E+03 1.50E-16 
1.0E+04 2.00E-16 
2.0E+04 2.90E-16 
3.0E+04 3.08E-16 
4.0E+04 2.98E-16 
7.0E+04 2.56E-16 
1.0E+05 2.26K-16 
2.0E+05 1.58E-16 
4.0E+05 1.02B-16 

References; 28, 30, 143, 287, 315, 323, 324 
Accuracy 20% 
•otes: (1) The slow positive charge formation cross section is the sun of the 
ionization cross section and the electron capture cross section, o* » a t (H2* 
+ e) • 0o-i (H~ • B 2*). The dissociative ionization cross section (H • H 2 -> H 
• H* • H • e) is only 2-5% of the H2* formation cross section in this energy 
range. (2) At low energies most of the H2* arises fro* electron capture 
collisions. (3) The electron production cross section is the sun of ionization 
and the electron loss or stripping cross section 0* * at (Hz* • e) * 001 (H* • e). 

Chebvshev Fitting Parameters for Cross Sections 

Positive Tone 
Electrons 3min 

Siln 
4.0E+01 eV/ami, 
8.0E+01 eV/amu, Jmax 

Emax 
4.0E+05 eV/asu 
4.0E+05 ev/amu 

A0 
Pos. Ions -77.2533 
Electrons -75.9790 

Al A2 A3 A4 

2.45645 -.972849 -.533057 -.0537388 
2.77048 -1.73727 .139659 -.0624901 

A5 A6 
.365771 -.154454 
.00991339 .0680936 

The fit represents the Positive Ions cross section with an rms deviation of 6.7%. 
The maximum deviation is 14.9% at 7.0E+01 ev/amu. 
The fit represents the Electrons cross section with an rms deviation of 8.5%. 
The maximum deviation is 17.8% at 7.0E+03 ev/amu. 

See appendix for Chebyshev fit details. 
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H + Hj — > Sum of Slow Positive Chorges 
H + H2 - > Sum of Electrons Produced 

Cross Section vs. Energy 

A = I o'f Electrons Prod, 

x = I of Slow Pbs. Chrg. 

10' 1(f 10? 10 4 1C? 
Energy (eV/omu) 

10° 

Recommended 
-Doto 

Chebyshev Fit 
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Ionization Cross Sections for 
H • H, -> H + H,* • e 

Energy Velocity Cross Section 
(ev/jmw) (Cm/S) (c«*) 
2.0E+02 1.96E+07 4.04E-19 
4.0E+02 2.78E+07 1.42E-18 
7.0E+02 3.68E+07 3.32E-18 
1.0B+03 4.39E+07 5.48E-18 
2.0E+03 6.21E+07 1.49E-17 
4.0E+O3 8.79B+07 3.71E-17 
7.0E+03 1.16E+08 6.72E-17 
1.0B+04 1.39E+08 9.30E-17 
2.0P+04 1.96E+08 1.45E-16 
2.8E+04 2.32E+08 1.S4E-16 
4.06+04 2.78E+08 1.46B-16 
7.0B+04 3.68E+08 1.23E-16 
l.OE+05 4.39E+08 1.08E-16 
2.0E+05 6.21E+08 8.13E-17 
4.0B+05 8.78E+08 4.99E-17 

References; 28, 30, 143, 308, 315, 323, 325 
Accuracy: 30% 
Potes: (1) The ionization cross section is determined from either of two 
relations: oi » <T - ooi or cj » o* - «o-i» where o" is the crocs section for 
formation of electrons, o0i is the loss or stripping cross section, o* is 
the cross section for slow ion formation, and o0-i is the electron capture 
cross section. (2) There is considerable scatter in the data among the 
various invest igators. 

Chebvshev Fitting Parameters for Cross Sections 

^ i n * 2.0E+02 eV/amu, E,,,̂  - 4.0E+0S eV/amu 

A0 Al A2 A3 A4 A5 A6 
-77.1205 2.47663 -1.43551 -.126243 .100447 .0662120 -.0477593 

The fit represents the above cress section with an rmb deviation of 2.7%. 
The maximum deviation is 4.1% at 7.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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H + H2 - > H + H / + e 

Cross Section vs. Energy 

Recommended 
Ooto 

Chebyshev Fit 

1Cf 10* 10* Kf ICf 
Energy (eV/amu) 
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Ionization Cross Sections for 
H* • H -> H* + H* + e 

Energy Velocity Cross Section 
(eV/anu) (C»/3) (OB 1) 

94E+03 1.35fc+08 1.62E-17 
1.0B+04 1.39E+08 1.84S-17 
1.5E+04 1.70E+08 4.21E-17 
2.0E+04 1.96E+08 7.20E-17 
3.0E+04 2.41E+08 1.21E-16 
4.0E+C4 2.76E*08 1.39E-16 
4.5E+04 2.95t>08 1.41E-16 
5.0CHM 3.11Ei08 1.40E-16 
6.0E+04 3.40E+08 1.37E-16 
7.0E+O4 3.68E+08 1.30E-16 
8.0E+04 3.?3E+08 1.23E-16 
9.0E+04 4.172+08 1.16E-16 
1.0E+05 4.39B+08 1 IOE-1.6 
1.5E+05 5.38E+08 8.72E-17 
2.0E405 6.21E+08 7.14E-17 
3.0E+05 7.61E+08 5.14E-17 
4.0ii+05 8.78E+08 4.04E-17 
7.0E+05 1.16E+09 2.54E-17 
l.CE+06 1.39E+09 1.88E-17 
1.5E+06 1.70E+09 1.34E-17 

References: 4, 261, 335, 336, 337, 338, 33?, 340, 341, 342, 383, 586 
Accuracy: E > 4x10* ev/amu - 25% 

E < 4x10* eV/amu - Unknown 
Motes: (1) Data above 4x10* ev/anu are the recommended data of Rudd, et al. 
(Ref. 335). Below this energy, the recent data of Shah et al. <Ref. 336> 
indicate a narked departure from the evaluated data of Rudd. The data plotted 
here in the low energy range are the recent results of Shah et al. (Ref. 336). 
(2) For a hydrogen atom target, the cress sections fee slow electron production 
\o~) are equal to the ionization cross sections (oi). For slow ion production 
(**) the cross sections are ths sum of the electron capture cross sections (c0i) and the ionization cross sections at high energies o" * o* - oj. 

Cnebvshev Fitting Parameters for Cross Sections 

Emin " 9.4E+03 ev/amj, E m a x - 1.56+06 ev/amu 

AO Al A2 A3 A4 A5 A6 
-75.5053 -.409785 -.996553 .355360 -.049000 -.0349984 .0437825 

The fit represents the above cross section with an rms deviation of 1.7%. 
The maximum deviation is 2.7% at 4.0E+05 ev/amu. 

See appendix for Chebyehev fit detail?. 
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H + + H - > H* + H* + e 

Cross Section vs. Energy 

§ « 

14.0 -

G.O -

"£' 10.0 
O 

o-c 
o 
o 8.0 
<u (/> 
U) 
a) 

Cr
o 6.0 Recommended 

Data 

Chebyshev Fit 

10* ICf ICf 
Energy (eV/amu) 
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Ionization Rate Coefficients for 

H* • H -> H + H* + e 

Maxwellian - Haxwellian Rate Coefficients (cmVs) 

I—p- Equal H Teap. (eV) 
(•VJ Twqp. 1000. 2000. 4000. 7000. 10000. 15000. 20000. 

1.0E*03 9.60E-UI 9.60E-JU 5.16E-10* 2.35E-09* 6.44E-09* 1.08E-08 1.74E-08 2.25E-08 
1.5E»03 5.16E-10I 2.59E-10I 8.64E-108 2.96E-09* 7.IBE-09 1.16E-08 1.79E-08 2.30E-O8 
2.0£»03 1.29E-09* 5.16B-108 1.29E-09* 3.61E-09* 7.92E-09 1.23E-08 1.85E-Q8 2.34E-08 
2.5E*03 2.35E-09* 8.64E-10I 1.79E-09* 4.29E-09' 8.66E-Q9 1.295-08 J.91E-08 2.38E-08 
3.0E»03 3.61E-09* 1.29E-09* 2.35E-09* 4.99E-09* 9.40E-09 1.36E-08 1.96E-08 2.42E-08 
3.3E*03 4.99E-09* 1.79E-09* 2.96«'-09' 5.71E-09* 1.01E-03 1.43E-08 2.01E-08 2.46E-08 
4.0E»03 6.44E-09* 2.35E-09* 3.61. 9* 6.44E-09* 1.08E-08 1.49E-08 Z.06E-08 2.S0E-0S 
4-5E»03 7.92E-09 2.96E-09* 4.29E-OJ* 7.18E-09 '.16E-08 1.56E-08 2-UE-08 2.54E-08 
5.0E»O3 9.40E-09 3.61E-09* 4.99E-09* 7.92E-09 1.23E-08 1.62E-08 2.UE-08 2.58E-08 
5-5E*03 1.08E-08 4.29E-09* 3.71E-09* 8.66E-09 1.29E-08 1.68E-08 2.212-08 2.61E-08 
6.0E+03 1.23E-08 4.99E-09* 6.44E-09* 9.40E-09 1.36E-08 1.74E-0S 2.25E-08 2.6SE-08 
8.0E»03 1.74E-08 7.92E-09 9.40E-09 1.23E-08 1.62E-08 1.96E-08 2.42E-08 2.78E-08 
l.0E»04 2.16E-08 1.08E-08 1.23E-09 1.49E-08 1.85E-08 2.16E-08 2.58E-08 2.90E-08 
1.2E»04 2.50E-08 1.36E-06 1.49E-08 1.74E-08 2.06E-08 2.34E-08 2.72E-08 3.01E-08 
1.4E»04 2.7SE-08 1.62E-08 1.74E-08 I.96E-08 2.25E-08 2.50E-08 2.84E-08 3.10E-C8 
1.6E»04 3.01E-08 1.8SE-08 1.96E-08 2.15E-08 2-42E-08 2.65E-08 2.95E-08 3.19E-08 
1.8E*04 3.19E-08 2.06E-08 2.16E-08 2.34E-08 2.58E-08 2.78E-08 3.06E-08 1.27E-08 
2.0E»04 3.35E-08 2.25E-08 2.34E-08 2.50E-08 2.72E-08 2.90E-08 3.15E-08 3.35E-08 

Accuracy: * - Possible Error Greater Than 10% 
* - Possible Error Greater Than i00% 

Chebvshev Fittino Parameters for Rate Coefficients 

Emin " l - ° * 0 3 eV. E ^ = 2.0E+04 eV 

B 
Tamp. 
(•V) AO Al A2 A3 A4 AS A6 
1000. -40.0051 2, .76605 -.344647 -.0369496 .00899170 -3. .564719E-04 4, .064999E-04 
2000. -38.7829 1 .97055 -.100798 -.0656769 .0461132 .00211656 -I. 279077E-04 
4000. -37.43S2 1 .22903 .0356592 -.0490361 -.00390032 .00203472 2, .011422E-04 
7000. -36.4087 .743427 .0691035 -.0248017 -.00589077 5 .6523S0E-O4 3, .380127E-04 
10000. -35.8193 .504234 .0663753 -.0124429 -.00494956 -1 .095647E-04 2, .357336E-04 
11000. -35.2398 .301656 .0518339 -.00363904 -.00313907 -4. .112259E-04 8, .863478E-05 
20000. -34.8966 .198907 .0391475 -5.OO933*E-04 -.00198385 -3, .8866161-04 1, .159612E-05 
Equal Taap. -38.7826 2 .81265 -.736000 .106C67 -.0206616 .007 33904 -.00185096 

See appendix for Chebyshev f i t d e t a i l s . 
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H* + H - > H* + H+ + e 

Maxweliian - Maxwellian 

- 7 
10 C 

10 
- 8 

10 K-9 

10 10 

10" 

T r T 1 1 r 

Recommended 
Data 

Chebyshev Fit 

Equal Temp. 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 
H* Temp. (eV) *103 
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Ionization T»ite Coeiiicients for 
H • H - > H + H • e 

Bead - Maxwellian Rate Coefficients (cmVs) 

H Energy (ev/ano) 
<•*> 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

l.OE'OO 2.S6E-09 1.411-08 3.86E-08 4.78E-08 4.83E-08 4.43E-08 3.30E-08 
2.0£»00 2.56E-09 1.411-08 3.86E-08 4.78E-08 4.83E-08 4.43E-08 3.30E-O8 
•.01*00 2.53E-09 1.411-08 3.8SE-08 4.78E-08 4.83E-08 4.43E-08 3.30E-08 
7.09>00 2.471-09 1.411-08 3.8SE-08 4.78E-08 4.83E-08 4.43E-08 3.30E-08 
1.0E+01 2.40E-09 1.41E-08 3.85E-08 4.78E-08 4.83E-0B 4.43E-08 3.30E-08 
2.0E*01 2.27E-09* 1.41E-08 3.8SE-08 4.77E-08 4.83E-08 4.43E-08 3.30E-O8 
4.0E«01 2.19E-09* I.41E-08 3.84E-08 4.77E-08 4.83E-08 4.43E-08 3.30E-08 
7.0t*01 2.ISE-09' 1.411-08 3.84E-08 4.77E-08 4.83E-08 4.43E-08 J.30E-08 
1.0E»02 2.22E-09* 1.421-08 3.83E-08 4-77E-08 4.83E-08 4.43E-08 3.30E-O8 
2.0E*02 2.42E-09- 1.44E-08 3.82E-08 4.77E-08 4.82E-08 4.43E-08 J.30E-08 
4.0Z*02 2 .8SE-W 1.49E-08 3.81E-08 4.76E-08 4.82E-01 4.47E-08 3.30E-08 
7.0E»02 3.58E-09* 1.S6E-08 3.79E-08 4.75E-08 4.81E-08 4-42E-08 3.30E-08 
l.OE'03 4.251-09* 1.63E-08 3.77E-08 4.73E-08 4.81E-0P 4.41E-08 3.30E-08 
2.0E*03 6.40E-09 1.811-08 3.74E-08 4.69E-08 4.79E-08 4.40E-08 3.30E-O8 
4.0E»03 1.02E-08 2.09E-08 3.71E-03 4.62E-08 4.76E-08 4.;8E-08 3.30E-08 
7.0E*03 1.49E-08 2.40E-08 J.70E-08 4.52E-08 4.70E-08 4.36E-08 3.29E-08 
1.0E*04 1.86E-08 2.64E-08 J.72E-08 4.45E-08 4.64E-08 4.33E-08 3.29E-09 
2.0E»04 2.73E-08 3.18E-08 3.82E-08 4.31E-08 4.47E-08 4.26E-C8 3.29E-08 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvshev Fitting. Parameters for Rate Coefficients 

^ i n 1.0E+00 e v . 
max 2.0E+04 eV 

H 
Energy 

(•V/aaiu) AO Al A2 A3 A4 A5 

10000. 
20000. 
40000. 
70000. 
100000. 
200000. 

-18.2968 
-35.7290 
-34.1679 
-33.7606 
-J3.7204 
-33.8801 

1.12152 
.356274 

-.0162401 
-.0400418 
-.025660S 
-.0146171 

.644681 

.2C2092 
1.246363C-04 
-.0256461 
-.0180094 
-.06902218 

.100717 

.0620743 
.00754856 

-.0120904 
-.0107132 
-.00477874 

-.100166 
.00276894 
.00728055 
.00316001 
-.0013505; 
.00229897 

-.0395957 
-.0115918 
.00420183 

2.548592P-04 
-.00208862 

-9.828762E-04 

.00265964 
-.00410154 
.00124748 

9.661075E-04 
-4.6456041-04 
-3.6589871-04 

500000. -34.4565 -7.9U823E-04 -5.710595E-04 -3.4862*J4E-0* -1-820028E-04 -8.154704E-05 -3.5I2063E-05 

See appendix for Chebyshev fit details. 
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H + H* - > H * + h* + e 

Beam — Maxweilian 

55.0 i—i i i IIIIII—i i i IIIII|—r—i—Tnn—i i i i m i | — i i i nm 

10.O -

H Energy 

(eV/amu) 

u = 10000. 

x = 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

x = 7 0 0 0 0 . 

• = 100000. 

B = 2 0 0 0 0 0 . 

O = 500000. 

Recommended 
-Data 

Chebyshev Fit 

• • • ' " " ' ' • » " • " | ' • • ' " • " | i. i ,i m i l l 

10w 10' 
H* Temp. (eV) 

10* 10s 
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Associative Detachment Cross Sections for 
H + H H 2 + e 

Energy 
(ev/amu) 

2.06-03 
4.0E-03 
T.0E-03 
l.OE-02 
2.06-02 
.0E-02 
.06-02 
.06-01 
.oe-oi 
.OE-01 

T.oe-oi 
1.06*00 
2.06*00 
4.06+00 
7.06*00 

4. 
7. 
1. 
2. 
4. 

Velocity 
<cWs) 

6.21E+04 
8.796*04 
1.166*05 
.396*05 
.966+05 
.786+05 
.686+05 
.396+05 
.216+05 

8.79E+05 
1.166+06 
1.396+06 
1.966+06 
2.786+06 
3.686+06 

Cross Section 
(on1) 

.126-14 

.236-14 

.366-14 

.086-14 

.77E-15 

.776-15 

.196-15 

.55E-15 
8.796-16 
4.966-16 
3.25E-16 
2.326-16 
1.27E-16 
5.13E-17 
2.37E-17 

References; 417, 418, 419 
Accuracy: 30% 
•otes: (1) The theoretical data of (Ref. 417) are within a few percent of 
the experlMental data of (Ref. 418). (2) Measurements of D* + D~ -> Dj* + 
e are consistently 30-50% below those for H* • H". At energies greater 
than 1 eV/amu the fluctuations in the data mask this difference. 

Chebvshev Fitting Parameters for Cross Sections 

E B i n *= 2.06-03 ev/amu, E,,^ = 7.06+00 ev/ 

A0 Al A2 A3 
-68.6095 -3.63490 .153293 -0.133084 

A4 A5 A6 
.0284174 -.0787410 .0439445 

The fit represents the above cross sercion with an rms deviation of 2.2%. 
The maximum deviation is 3.4% at 7.06-03 eV/amu-

See appendix fur Chebyshev fit details. 
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H* + H - > H / + e 

<-«3 
Cross Section vs. Energy 
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Total Slow Electron Production Cross Sections for 
H + H 2 -> t e 

Energy velocity Cross Section 
;ev/amu) icm/s) [cm1} 

5.0E+02 3.11E+07 1.44E-18 
7.0E+02 3.68E+0? 2.15E-18 
1.0E+03 4.39E+07 3.32E-18 
2.0E+O3 6.21E+0? 7.85E-18 
4.0E+03 8.79E+07 1.84E-17 
7.0E+03 1.16E+08 3.67E-17 
1.0E+04 1.39E+08 5.66E-17 
2.0E+04 1.96E+08 I.18E-16 
4.0E+04 2.78E+08 1.S6E-16 
6.5E+04 3.54B+08 2.19E-16 
7.0E+04 3.68E+08 2.19E-16 
1.0E+05 4.39E+08 1.96E-16 
2.0E+05 6.21E+08 1.33E-16 
4.0E+05 8.78E+08 7.96E-17 
7.0E+05 1.16E+09 5.08E-17 
1.0E+06 1.39E+09 3.74E-17 
2.0E+O6 1.96E+09 2.07E-17 
4.0E+06 2.77E+09 1.15E-17 
5.0E+06 3.09E+09 9.50E-18 

References; 30, 36, 42, 45, 89, 217, 315, 335, 344, 345, 346, 347, 348, 
349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 366 

Accuracy; 25% 
Botes; (1) The data are the recommended data of Rudd et al. (Ref. 335). 
See this reference for an analytical fit to the data at low and high 
energies. (2) The slow electron production cross sections are the SUM of 
four reactions: (a) H* + H 2 -> H* + H2* • e (pure ionization); (b) -> K* + 
H + H* • e (ionization with dissociation); (c) -> H' • H* • e (double 
ionization); (d) -> H • 2H* + e {electron capture with ionization). 

Chebvshev Fitting Parameters for Cross sections 

E M l n - 5.0E+02 eV/amu, i:max » 5.0E+06 eV/amu 

AO Al A2 A3 ;.4 A5 A6 
-'6.9159 .969378 -1.91735 -.0245092 .313763 -.000351145 -.0992103 

The fit represents the above cross section with an rme deviation of 3.1%. 
The maximum deviation is 6.2% at 2.0E+05 eV/amu. 

See appendix for Chebyshev fit details. 
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H + + H2 - > l e 

•v-e 
Cross Section vs. Energy 
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Cross Sections for the Formation of Positive Ions in Collisions of H* with H : 

H* • H 2 -> H* • H2* • e (Single Ionization) 
H* • H 2 -> Total Production of H2* (or Total 
H* • H 2 -> Total Production of H* 

Single Ionization 

energy Cross Section 
(eV/aau) (cm2) 

Rj Product ion 

energy Cross Section 
(ev/amu) (cmM 

Ion Format ion I 

H* Production 

Energy Cross Section 
(ev/amu) (ear*) 

5.06+O3 
7.0E+03 
1.0E+O4 
1.5E+04 
2.0E+04 
3.06*04 
4.0E*O4 
6.0E*O4 
7.0E+O4 
l.OE+OS 
i.5e*os 
2.OE*05 
4.oe+os 
7.0E+O5 
i.oe*06 
2.06+06 
3.0E+O6 
3.56+06 
3.8E*06 

References: 

1.23E-17 
1.7BE-17 
2.63E-17 
4.24E-17 

238-17 
30E-16 
83E-16 
206-16 
176-16 
04E-16 
74E-16 
44E-16 

8.71E-17 
5.54E-17 
4.07E-17 
2.24E-17 
1.57E-17 
1.37E-17 
1.23E-17 

6.06+03 
7.0E+O3 
1.06+04 
2.0E+04 
4.0E*«^ 
7.06+04 
1.06*05 
5E*05 
06*05 
06*05 
06+05 
OE+06 
56*06 
0E+C6 

3.06*06 
3.5E+06 

8.23E-16 
8.37E-16 
B-«»2E-16 
6.096-16 
4.136-16 
2.93E-16 
2.32E-16 
1.756-16 
1.43E-16 
8.696-17 
5.51E-17 
4.056-17 
2.856-17 
2.24E-17 
1.56E-17 
1.37E-17 

5.06*03 3.71E-17 
6.06*03 4.93E-17 
7.06*03 6.116-17 
8.06*03 7.25E-17 
9.06*03 8.29E-17 
1.O6+04 9.166-17 
1.56+04 1.176-16 
1.76*04 1.20E-16 
2.06+04 1.17E-16 
2.56*04 1.02E-16 
3.06+04 8.366-17 
3.56*04 7.03E-17 
4.06+04 6.036-17 
4.56+04 5.24E-17 
5.06+04 4.62E-17 

30, 36, 40, 89, 315, 346, 348, 350, 353, 354. 356, 360, 
361, 362, 363, 364, 365, 366 

Accuracy; 30% 
Botes: (1) The interaction of H' with H 2 to produce H2* ions stay follow one of 
two pathways: (a) H* • B 2 -> H* • H2* + e, single ionization; (b) H* • H 2 -> H 
• Hj*, electron capture. Five reactions are involved in the production of H* 
ions; (c) H* * H2* -> H* • H • H* • e, dissociative ionization; (d) -> H* • H* 
• H* • 2e, double ionization; (e) -> H • H + H*, electron capture with 
dissociation; (f) -> H + H* • B* • e, transfer ionization; <g) -> H" • 2H*, 
double electron capture. (2) At energies less than 150 kev/amu the total charge 
production cross sections (ot*) are dominated by electron capture. (3) within 
the experimental error the total charge production cross section is the same 
as the total cross sec ton for producing H2*. (4) Above 150 kev the single 
ionization cross s*ctlot. (reaction a) is the dominant process to form positive 
charges or H2*. (5) Cross sections are available for the double ionization 
(Ref. 36, 340, 356, 360, 365) (reaction c). However there are large 
discrepancies and tiiese data are not included here. The cross sections are at 
least an order of magnitude smaller than the single ionization cross sections. 

Cheovshev fitting Parr»eter» for Cross Sections 
Sing. Ion. 
!+ 

Prod. 
H Prod. 

Sing, ion 
Hj* Prod. 
8 Prod. 

A0 
-75.4752 
-72.9771 
-74.4647 

fmtn " 
"min * 
^in " 

Al 
-.100192 

-2.12495 
.0986066 

5.06*03 eV/asu, t m a x 

6.06+01 ev/amu, Z™ 
5.06*03 ev/amu, 6,^ 

3.8E+06 ev/amu 
J.56+06 ev/amu 
5.06+04 eV/amu 

A2 
-1.15816 
-.260502 
-.525436 

A3 
.210586 
.0542968 
.00183837 

A4 
.187780 
.0279667 
.03961)2 

A5 
-.157087 
.0221059 
.0121041 

A6 
.0102380 

-.00372930 
-.00373026 

The fit represents the Single Ion. cross section with an rme deviation of 7.1%. 
The maximum deviation is 17.3% at 2.06+04 ev/amu. 
The fit represents the H2* Prod, cross section with an rms deviation of 0.4%. 
The maximum deviation is 0.7% at 2.0E+05 ev/amu. 
The fit represents the H* Prod, cross section with *n rms deviation oi 0.6%. 
The maximum deviation is 1.2% at J.06+04 ev/amu. 
See appendix for Chebyshev fit details. 
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K) r » 

H* + H, - > H + + J-U* + e 
He" + H 2 - > Total H* FVoduction 
He" + Hj - > Total H^ Production 

Cross Section vs. Energy 
T — i i i i n n -1 I I I 111| 1 1 I I I l l l | 1 1 I I I I I I 

10 r « 
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Slow Negative Charge Production Cross Sections for 
H* * He -> electrons and H" 

Energy veloci ty Cross S e c t i 
(cm 2 (ev/aau) (cm/s) 

Cross S e c t i 
(cm 2 

4.4E+02 2.91E+07 9.65E-20 
5.0E+02 3.11B*07 1.16E-19 
7.0E+O2 3.68E+07 1.92E-19 
1.0E+03 4.39E+07 3.28E-19 
2.0E+03 6.21E+07 9.40E-19 
4.0E+O3 8.79E+07 2.73B-18 
7.0E+03 1.16E+08 6.35E-18 
1.0E+C4 1.39E+08 1.09E-17 
2.0E+04 1.96E+08 2.96E-17 
4.0E+04 2.78E+08 6.68E-17 
7.0E+04 3.68E+08 9.07E-17 
1.0E+05 1.39E+08 9.28E-17 
2.0E+05 6.21E+08 6.86E-17 
4.0E+05 8.78E+08 4.24E-17 
7.0E+05 1.16E+09 2.77E-17 
1.0E+06 1.39Bt09 2.09E-17 
1.5C+06 1.70E+09 1-53E-17 
2.0E+06 1.96E+09 1.20E-17 
4.0E+06 2.77E*09 6.79E-18 
5.0E+06 3.09EO9 5.63E-18 

References; 40, 83, 89, 315, 335, 347, 353, 354, 355, 357, 358, 359, 366, 
367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 
379, 380 

Accuracy: E > 4x10* eV/amu - 20% 
E < 4x10* eV/amu - Unknown - see note (1) 

Motes; (1) These data are the recoMnended data of Rudd et al. (Ref. 335). The 
data below 4x10* ev/anu are strongly weighted by the experimental results of 
Rudd et al. (Ref. 83) taken in 1983. Several investigators have investigated 
the low energy region, all of then reporting cress sections higher than the 
recommended data. (2) Reactions that produce alow negative charges are: (a) H* 
• He -> H* • He' • e, tingle ionization; (b) H* • He -> H* + He** • 2e, double 
ionization; (c) H* t He -> H • He* -> H* • He* • e, capture with ionization or 
transfer ionization; (d) H* • He -> H" • He2' double electron capture. 

Chebvshev fitting Parameters for Cross Sections 

E^,, • 4.4B+02 eV/amu, ^ « 5.0E+06 eV/amu 

AO Al A2 A3 A4 A5 A6 
-79.6795 2.14499 -2.18192 -.146158 .362843 .0528127 -.123316 

The fit represents the above cross section with an rms deviation of 4.4%. 
The maximum deviation is 7.3% at 2.0E*04 eV/amu. 

Soe appendix for Chebyshev fit detailo. 
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H + + He - > electrons + H" 
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Slow Negative Charge production Rate Coefficients for 
H* • He -> electrons and H~ 

Haxwellian - Maxwellian Rate Coefficients (cmVs) 

T—p. Equal Ha Taap. (•V) 
CaV» Taap. 10. 7S0. 1000. 12S0. 5000. 15000. 20000. 

1.0B»02 3.50E-13* 1.61E-13I 3.94E-12* 6.17E-I2* 8.83E-12* 1.02E-10 3.79E-10 1.39E-09 
7.5E«02 4.86E-11 3.10E-11 4.86E-11 5.54E-11 6.26E-11 2.24E-10 5.88E-10 1.74E-09 
1.0E*03 S.71E-11 S.57E-11 7.85E-11 8.71E-11 9.61E-11 2.84E-10 6.79E-10 1.87E-09 
1.3E»03 1.37E-10 8.74E-11 1.16E-10 1.26E-10 1.3"/E-10 3.50E-10 7.76E-10 2.02E-09 
l.SE«03 1.97E-10 I.26E-10 1.60S-10 1.72E-10 1.84E-10 4.23E-10 8.7S2-10 2.16E-09 
1.8E*03 2.69E-10 1.72E-10 2. HE-10 2.24E-10 2.39E-10 5.02E-10 9.87E-I0 2.31E-09 
2.0E»03 3.S0E-10 2.2SE-10 2.69E-10 2.84E-10 3.00E-10 5.88E-10 1.10E-09 2.47E-09 
3.0E»03 7.7SE-10 S.03E-10 5.66E-10 5.88E-10 6.10E-10 9.87E-10 1.60E-09 3.UE-09 
4.01*03 1.34E-C9 e.SOE-10 9.59E-10 9.B7E-10 1.01E-09 1.47E-09 2.16E-09 3.78E-09 
5.01*03 2.028-09 1.34E-09 1.44E-09 1.47E-09 1.50E-09 2.02E-09 2.78E-09 4.48E-09 
6.0E»03 2.78E-09 l.a8E-09 1.98E-09 2.02E-09 2.05B-09 2.62E-09 3.44E-09 5.20E-09 
7.01*03 3.61E-09 2.47B-09 2.58E-09 2.62E-09 2.66E-09 3.27E-09 4.13E-09 5.93E-09 
8.0E+03 4.48E-C9 3.11E-09 3.23E-09 3.27E-09 3.31E-09 3.95E-09 4.84E-09 6.66E-09 
9.0B*03 5.38E-09 3.78E-09 3.91E-09 3.95E-09 3.99E-09 4.66E-09 S.56E-0? 7.40E-09 
1.08*04 6.30E-09 4.48E-09 4.61E-P3 4.66E-09 4.70E-09 5.38E-09 6.30E-09 8.13E-09 
».2E*04 8.13E-09 5.93E-09 6.07E-09 6.UE-09 6.16E-09 6.85E-09 7.76E-09 9.57E-09 
1.5E*04 1.08E-08 8.13E-09 3.27E-09 f.J1E-09 8.36E-09 9.04E-09 9.92E-09 1.17B-08 
2.0E*04 1.48E-08 1.I7E-08 1.18E-08 1.18E-08 1.19E-08 1.25E-08 1.33E-08 1.48E-08 

Accuracy: * - Possible Error Greater Than 10% 
I - Pospible Error Greater Than 100% 

Chebvehev Fitting Parameters for Rate Coefficients 

E^n » 1.0E+02 eV, Bmay = 2.0E+04 eV 

Ha 
Taap. 
(av> A0 Al A2 A3 A4 A5 A6 

10. •46.5650 5.49971 -.475864 .0795255 -.103842 .0146906 5.701499E-04 
740. -44.8867 4.19397 .198206 -.184815 -.01.4624 -.00795734 .00438872 
:.ooo. -44.5760 3.9778C .277829 -.192799 -.0215899 -.00569587 .00394217 
1250. -44.3093 3.79620 .226679 -.193047 -.0272627 -.00347223 .00358121 
5000. •42.1265 2.50907 .515276 -.0994986 -.0616701 -.00489874 .00584793 
10000. -40.7163 1.83020 .461655 -.0331261 -.0467863 -.0183645 .00768600 
20000. -39.1385 1.18831 .377951 .0154712 -.0231939 -.0206727 .00437997 
Equal Taap. -45.6407 5.29550 -.441276 .00871718 -.0327904 .0101600 .00309937 

See appendix for Chebyshev l i t de ta i l s . 
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H* + He - > electrons 4- H" 

Maxweliian — Maxwellian 
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Slow Negative Charge Production Rate Coefficients fnr 
He + H* -> electrons and H" 

Bean - Maxwellian Rate Coefficients (cmVs) 

Tenp. He Energy ' (ev/avu) 
(eV) 10000. 20000. 40000. 70000. 100000. 150000. 200000. 

1.0E+00 1.51E-09 5.59E-09 1.84E-08 3.11E-08 4.07E-08 4.18E-08 4 .26E-08 
2.0E+00 1.51E-09 5.80E-09 1.85E-08 3.32E-08 4.07E-08 4.18E-08 4 .26E-08 
4.0E+00 I .52E-09 5.81E-09 1.8SE-08 3.33E-',«J 4.07E-O8 4.18E-08 4 .26E-08 
7.0E+00 1.52E-09 5.81E-09 1.85E-08 3.32E-08 4.07E-08 4.18E-08 4 .26E-08 
1.0E+01 1.52B-09 5.81E-09 1.85E-08 3.32E-08 4.06E-08 4.18E-08 4 .26E-08 
2.0E+01 1.S3E-09 5.81E-09 1.84E-08 3.32E-08 4.06E-08 4.18E-08 4.2!>E-08 
4.0E+01 1.54E-09 5.82E-09 1.84E-08 3.31E-08 4.05E-08 4.18E-08 4 .25E-08 
7.0E+01 1.56E-09 5.85E-09 1.84E-08 3.31E-08 4.05E-08 4.18E-08 4 .25E-08 
1.0B+02 1.58E-09 5.87E-09 1.83E-08 3.30E-08 4.04E-08 4.18E-08 4 .25E-08 
2.0E+02 1.65E-09 5.97B-09 1.83E-08 3.30E-Q8 4.02E-08 4.18E-08 4 .24E-08 
4.0E+02 1.80E-09 6.17K-09 1.84E-08 3.28E-08 4.01E-08 4.18E-08 4 .23E-08 
7.0E+02 2.03E-09 6.48E-09 1.85E-08 3.28E-08 3.99E-08 4.18E-08 4 .22E-08 
1.0E+C3 2.26E-09 6.80E-09 1.87E-08 3.27E-08 3.97E-08 4.18E-08 4 .22E-08 
2.0E+03 3.04E-09 7.83E-09 1.92E-08 3.27E-08 3.93E-08 4.18E-08 4 .20E-08 
4.0E+03 4.66E-09 9.70E-09 2.04E-08 3.26E-08 3.87E-08 4.17E-08 4 .17E-08 
7.0E+03 7.06E-09 1.21E-08 2.19E-08 3.25E-08 3.82E-08 4.13E-08 4 .14E-08 
1.0E+04 9.37E-09 1.43E-08 2.31E-08 3.25E-08 3.77E-08 4.09E-08 4 .11E-08 
2.0E+04 1.59E-08 1.98E-08 2.62E-08 3.29E-08 3.69E-08 3.98E-08 4.02E-08 

Chebyshev Fitting Parameters for Rate Coefficients 

6min l.OE+00 eV, E*ax - 2 - 0 B + 0 4 e v 

Energy 
(•V/4MMI) A0 Al A2 A3 A4 AS A6 

10000. - 3 9 . 3 8 1 6 1.02698 .576534 .188719 4 .425971E-05 - . 0 1 5 5 9 1 7 - . 0 1 9 8 2 5 3 
20000. - J 7 . 3 3 J 0 .517958 .301257 .123942 .0093^576 - . 0 1 0 0 3 7 2 - . 0 1 2 9 4 3 8 
40000. - 3 5 . 4 7 1 5 .129405 .0937130 .0477169 .0118588 - 4 . 8 8 8 2 0 1 E - 0 4 - .0O3254337E-O3 
70000. - 3 4 . 4 7 0 1 .00355792 - . 0 1 2 3 4 8 3 .0153783 - . 0 0 6 6 9 1 5 6 .00817185 - . 0 0 3 9 2 0 0 0 

100000. - 3 4 . 0 * 9 8 - . 0 4 3 6 1 2 0 - . 0 2 0 4 5 7 8 - . 0 0 6 3 1 2 6 4 -9 .902555E-04 3 .700060E-04 S .42"f20E-04 
ir .0000. - 3 3 . 9 9 5 3 - .0150052 - . 0 1 2 1 2 6 4 - . 0 0 8 3 2 7 2 0 - . 0 0 4 7 0 3 2 4 - . 0 0 1 9 8 5 4 7 - 3 . 3 6 4 4 0 8 E - 0 4 
200000. - 1 3 . 9 7 0 5 - . 0219625 - . 0 1 1 9 0 8 8 - . 0 0 5 2 8 7 4 0 - . 0 0 2 2 6 7 5 6 - . 0 0 1 0 2 0 4 1 - 4 . 5 0 1 6 2 7 E - 0 4 

See appendix for Chebyshev fit details. 
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He + H*" - > electrons + H" 

Beam — Maxwellian 

He Energy 

(eV/amu) 

A =10000 . 

x = 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

* = 7 0 0 0 0 . 

• = 100000. 

B = 150000. 

a = 2 0 0 0 0 0 . 

Recommended 
-Data 
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Ion iza t ion and Total He Production Cross S e c t i o n s foi 

H* + He -> H* + He* • e 
H* + He -> (H + He*! I or (H* + He' * e) 

I o n i z a t i o n Total He* Production 

Energy Cross Sect ion Energy Cross S e c t i o n 
(ev/amu) {cm') (eV/amu) (cm 2) 

1.0E+04 2.04E-1V 5.0E+03 3.82E-17 
1.5E+04 3.49E-17 7.0E+C3 7.64E-17 
2.0E+O4 4.94E-17 1.0E+04 1.33E-16 
3.0E+04 6.61E-17 2.0E+04 2.39E-16 
4.GE+04 7.37E-17 2.3E+04 2.43E-16 
7.0E+04 8.28E-17 4.0E+04 2.17E-16 
9.0E+04 8.42E-17 7.0E+04 1.58E-16 
1.0B+05 8.38E-17 1.0E+05 1.22E-16 
1.5E+05 7.6*6-17 2.0E+05 7.14E-17 
2.0E+05 6.69E-17 4.0E+05 4.27E-17 
4.0E+05 4.26E-17 7.0E+05 2.84E-17 
7.0E+05 2.82E-17 1.0E+06 2.18E-17 
1.0E+06 2.18E-17 1.5E+06 1.61E-17 
1.5E+06 1.61E-17 2.0E+06 1.29E-17 
2.0E+06 1.29E-17 4.0E+06 6.75E-18 
3.0E+06 8.92E-18 5.0E+06 5.31E-18 
4.0E+06 6.71E-18 
5.0E+06 5.32E-18 

References: 83, 87, 89, 315, 353, 354, 359, 368, 371, 372, 375, 
376, 381, 382, 383, 384, 385, 386, 387, 388 

Accuracy: 30% 
Motes: (1) The total cross section for slow He* ion production is the sum of 
the electron capture cross (H* • He -> H • He*) and the ionization cross section 
(H* • He -> H* + H* • e). (2) The cross section for production of He2* is two 
orders of magnitude less than that for He* and contributes a negligible amount 
tc the slow ion formation. (3) At energies less than 2 x 10s ev/amu the electron 
capture cross section is the dominant reaction in producing slow ions. Above 
this energy the cross section for He* formation is the came as the ionization 
cross section to form He*. (4) For cross sections involving the formation of 
slow He2* see the following set of data. 

ChebvBhev Fitting Parameters for Cross Sections 
Ionization 
Tot. He' Prod. pnin 

Bmin 
• 1.0B*04 eV/amu, 

5.0E+O3 eV/amu, "max 
smax 

5.0E+06 eV/amu 
5.0E+06 ev/amu 

A0 Al A2 A3 A4 A5 A6 

Ionization - 7 6 . 1 6 4 6 - . 8 7 4 4 5 1 - . 8 8 4 5 5 2 .221104 - .0292448 - . 0 2 1 4 1 6 4 - . 015*807 
T o t . H«* Prod. - 7 5 . 4 0 6 2 -1 .41115 - . 9 2 1 7 4 5 .441695 - .191224 - . 00616635 .0115740 

The fit represents the Ionization cross section with an rms deviation of 1.6%. 
The maximum deviation is 2. at 7.0E+O4 ev/amu. 
The fit represents the Tot. He' Prod, cross section with an rms deviation of 1.3%. 
The maximum levlation is 1.7% at 1.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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H + + He - > H + + He* + e 
H + + He - > (H + He+) or (H* + He* + e) 

Cross Section vs. Energy 
i i i i i n i | 1—i i i i n n 1—i i i i u i | 1—i n i i i r 

10" i i n u l l t ' » ' "nt ' i i i m i l i i I I I I I 

A = ->Totol He* Prod. 

x = - > H* + He* + e 

10* 104 10* 10* 
Energy (eV/amu) 

10' 

Recommended 
-Data 

Chebyshev Fit 
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Ionization Rate Coefficients for 
H* • He -> H* • He* • e 

Haxwellian - Haxwellian Rate coefficients (CM >/S) 

Taap. Equal B* Toap. (eV) 
«•»> T M p . 5000. 6000. 7000. 8000. tOOCC- I50CC. 20000. 

1.0E+03 4.07E-128 1.33E-108 Z.07E-108 2-99E-108 4.08E-10I 6.69E-108 I.51E-09* 2.50E-09" 
l.SE*03 S.SIE-1I* 2.99E-1C* 4.08E-I3* 5.31E-108 6.69E-10* 9.78E-108 1.89E-09* 2.92E-09* 
2.0E*03 2.07E-106 S.3IE-10* 6.69E-108 6.18E-108 9.78E-104 I.32E-098 2.30E-09* 3.35E-09* 
2.5EMJ3 4.68E-108 6.18E-10* 9.78E-104 1.15E-09* 1.32E-09* 1.70E-09* 2.7IE-09* 3.77E-09* 
3.0E*O3 8.18E-108 1.15E-W8 1.32E-09I I.5IE-09' 1.70E-09* 2.09E-09* 3.J3E-09* 4.20E-09* 
3.5E*03 1.24E-098 1.51E-09* 1.70E-09* I.89E-09* 2.09E»C9' 2.50E-09- 3.56B-09* 4.62E-09* 
4.0E»03 1.70E-09* 1.89E-09* 2-09E-09' 2.30E-09- 2.50E-C9* 2.92E-09* 3.99E-09* 5.05B-09* 
4.5E»03 2.20E-09- 2.30E-09' 2.50E-09* 2.71E-09- 2.92E-09* 3.3SE-09* 4.41E-09* 5.47E-OT* 
J.0t>03 2.71E-09* 2.71E-09* 2.92E-09* 3-13E-09' 3.35E-09" 3.77E-09* 4.84E-09* 5.89E-09' 
5.5£»03 3.24E-09* 3.13E-09' 3-35E-09' 3.56E-09- 3.77E-09* 4.20E-09* 5.26E-09* 6.30E-09* 
6.0E»03 3.77E-09* 3.56E-09* 3.77E-09' 3.99E-09' <-20E-09' 4.62E-09* 5.68E-09- 6.72E-09* 
8.0EO3 5.89E-09* 5.26E-09* 5.47E-09' 5.66E-09* 5.89E-09* 6.3OE-09* 7.32E-09 8.29E-09 
I.0E»04 7.91E-09 6.92E-09* 7.12E-0O* 7.32E-09 7.52E-09 7.9IE-09 8.87E-09 9.79C-09 
1.2E*04 9.79E-09 8.48E-09 B.68E-09 8.87E-09 9.06E-09 4.43E-09 I.03E-08 1.I2E-08 
1.4E»0« 1.I5E-08 997E-09 1.01E-08 I.03E-08 1.05E-08 1.08E-08 I.17E-08 1.25E-08 
1.6E*04 1.J1E-0B 1.14E-C8 1.15E-P8 1.17S-08 1.19E-08 1.22E-08 1.30E-08 1.37E-08 
1-8E-04 1.46E-08 1.27E-08 1.28E-08 1.30E-08 1.31E-08 1.34E-08 1.42E-08 1.49E-08 
2.0E»04 1.60E-08 1.39E-08 1.4CE-08 1.42E-08 1.43E-08 1.46E-08 1.S3E-08 1.60E-08 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvehev Pitting Parameters for Rate Coefficients 

t m i n = 1.0E+03 eV, E ^ » 2.0E+O4 eV 

Ha 
T«ap. 
(•V) AO Al A2 A3 A4 A5 A6 

$000. -40.3*51 2, .34883 -.257537 -.0218607 .0131131 _ .00170960 -2. 72133E-04 
6000. -40.0282 2 .14145 -.186832 -.0325594 .0117041 -7, .7 3826E-04 -3. .91919E-04 
7000. -39.7552 1 .96606 -.132536 -.0385303 .00991961 -1 .95606E-05 -4. .64455E-04 
6000. -39.5164 1 .82079 -.0901635 -.0415356 .00605275 5 .25545E-04 -4 .72996E-04 
10000. -39.1158 i .56360 -.0298040 -.0424966 .00463640 .00112196 -3, .85570E-04 
15000. -38.3952 1 .19217 .0455887 -.0344519 -.00101950 .00132410 -2 .61M4E-05 
20000. -37.8995 .951741 .0744487 -.0255952 -.00)50613 8 .715911-04 -4, .39401E-05 
Equal Tmp. -41.9272 3 .86757 -1.06690 .261511 -.0564«7'i .00926656 -.00119100 

See appendix for Chebyshfv fit details 
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H* + He - > H* + He* + 

Maxwellian — Maxwellian 

He Temp. 

(eV) 

A = 5 0 0 0 . 

Recommended 
Data 

Chebyshev Fit 

Equol Temp. 

7.5 10.0 12.5 

H* Temp. (eV) *10T 
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Ioniration Rate Coefficients for 
He • H* -> He* • H* • e 

- Maxwellian Rate Coefficients (cmVs) 

TWBp. Re Energy (eV/aau) 
(•V) 10000. 20000 . 4C0C0. 70003. 100000. 200000 . 500000 . 

i.oe»oo 1.4SE-09* 9 .69E-09 2 .05E-0 t 3 .04E-08 3 .68E-08 4 .15E-08 3 .5SE-08 
2.0E»00 1.47E-09* 9 . 6 8 E - 0 9 2 .05E-08 3.04E-09 3 .68E-08 4 .15E-08 3 .5SE-08 
4 .0E»00 I . 4 9 E - 0 9 - 9 .67E-09 2 .05E-06 3.04E-08 3 .68E-08 4 . I 5 E - 0 8 3 .55E-08 
7.0E»C0 1.52E-09* 9 . 6 6 E - 0 9 2.05E-08 3.04E-08 3 .68E-08 4 .15E-08 3 .55E-08 
1.0E»01 1.54E-09* 9 . 6 6 E - 0 9 2.04E-08 3.04E-08 3 .68E-08 4 .1SE-06 3 .55E-08 
2 .08>01 1.60E-C9- 9 .65E-09 2 .04E-08 3.04E-08 3 .68E-08 4 .15E-08 3 .55E-09 
4 .0€«01 1 . 6 8 E - 0 9 ' 9 . 6 4 E - 0 9 2.04E-08 3.04E-08 3 .67E-08 4 . I 5 E - 0 6 3 .55E-08 
7.0K*01 1.77E-09* 9 . 6 4 E - 0 9 2.04E-O8 3.04E-08 3 .67E-08 4 .15E-08 3 .55E-08 
l . 0 * > 0 2 I .B5E-09" 9 . 6 5 E - 0 9 2 .04E-08 3.04E-08 3 .67E-08 4 .15E-08 3 .55E-08 
2 . 0 O 0 2 2 .08E-09* 9 . 7 1 E - 0 9 2.04E-08 3.04E-08 3 .66E-06 4 .14E-08 3 .55E-08 
4.0B*OZ 2 .45E-09* 9 . 8 5 E - 0 9 2.05E-08 3 .04S-08 J .66E-08 4 .13E-08 3 .5SE-08 
7.0E*0Z 2 .91E-09* 1 .01E-06 2 .06E-08 3.04E-08 3 .65E-08 4 .13E-06 3 .54E-08 
1.0E*03 3 .33E-09* 1.03E-C8 2 .06E-08 3.04E-08 3 .65E-08 4 .12E-08 3 .55E-0S 
2.0E»OJ 4 . 5 J E - 0 9 - I.JOE-08 2 .09E-08 3.05E-O8 3 .63E-08 4 .11E-06 3 .5SE-08 
4.0E»03 6 .5JE-09* 1 .23E-08 2.1SE-08 3.07E-08 3 .62E-08 4 .08E-08 3 .55E-08 
7.0E»03 8 .99E-09 1.42E-08 2 .25E-08 3 .09E-08 3 .60E-08 4 .05E-08 3 .54E-08 
1.0E»04 1.12E-08 1 .68E-06 2.34E-0B 3.11E-08 3 .5BE-08 4 .02E-08 3 .54E-08 
2.0E*04 1.70E-08 2 .04E-08 2.59E-C8 3.18E-08 3 .55E-08 3 .94E-08 3 .53E-08 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebyshev Fitting Parameters for Hate Coefficients 

^in 1.0E*00 ev. "max 2.0E+04 ev 

En«rgy 
(•V/MRU) A0 Al 
10000. -39.1279 1.16505 
20000. 
40000. 
70000. 
100000. 
200000. 
500000. 

-36.5805 
-35.3193 
-34.6011 
-34.2«59 
-34.0175 
-34.3105 

.285887 

.0816359 

.0145540 
-.0155100 
-.0200973 
-.00181505 

A2 

.469737 

.190126 

.0597659 

.0116645 

.00743994 

.0118588 

A3 

.0813519 

.0869452 

.0332395 

.00621244 

.00254453 

.00542167 

A4 

-.0228287 
.0217093 
.0137513 
.00251084 

-6.9724OE-04 
-.00256996 

A5 

.0162847 
34865E-04 
.00383099 
'(3786E-04 
61490E-04 
8>558E-04 

1 
4 
2 

-2 

A6 

-.00256180 
1.87928E-03 

22161E-04 
47956E-04 
33078E-05 
32402E-O4 

.00131097 -8.287I8E-04 -5.05268E-04 -2.95214E-04 -1.01434E-O4 

See appendix for Chebyshev f it detai ls 
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He + H* - > He* + H* + e 

Beam — Maxwellian 

50.0 i i i m m — i i i mi l l—i i i m m — i i i im i |—i i i inn 

45.0 

40.0 -

35.0 

30.0 

25.0 

20.0 

15.0 

10.0 ; F-

5.0 

0.0 ' • • " " • 1 I L 

He Energy 

(eV/omu) 

A =10000 . 

x = 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

K = 7 0 0 0 0 . 

• = 100000. 

O = 2 0 0 0 0 0 . 

O = 5 0 0 0 0 0 . 

Recommended 
-Data 

Chebyshev Fit 

» ' i i n 

10" id itf id* 104 irf 
H* Temp. (eV) 
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Total He* Production Rate Coefficients for 

H* + He -> (H • He*) or (H* • He* • e) 

Haxwellian - Maxwellian Rate Coefficients tcarVs) 

(*»> 
Equal 

1000. 2000. 4000-
(•") 

700C. 10000 . 15000 . zocoo. 

1.0E»03 3.32E-I04 3.32E-10* 6.71E-10* I.68E-096 3.78E-09* 6.26E-Q9' 1.06E-08' 1.49E-0S 
1.51*03 1.39E-09* 1.13S-096 1.66E-098 3-02E-09* 5.41E-09* 8.00E-09' I.24E-08 1.65E-C8 
2.0E»03 J.02E-09* 2.32E-09* 3.02E-O9* 4.56E-09* 7.12E-09- 9.77E-09* 1.41E-08 1.61E-06 
2.5E»03 4.96E-09* 3.78E-09* 4.56E-09* 6-26E-09* a.vaE-09* l.ISE-08 1.57E-OH 1.96E-00 
3.0E»O3 7.12E-09' 5.41E-09* 6.26E-09* 8.00E-09* 1.06E-06' 1.32E-08 1.73E-08 2.10E-06 
3-5E»03 9.33E-W 7.12E-09* 6.00E-09* 9-77E-09* 1-24E-08 1.49E-06 i.eee-oa 2.24E-08 
4.0E»C3 1.1SE-08 8.9SE-09* 9.77E-CJ* 1.15E-06 I.41E-06 1.65E-08 2-03E-O8 2.17E-08 
4.5E«03 1.37E-06 1.06E-08- 1.15E-06 1.32E-0* 1.S7S-06 i.au-oa 2.17E-08 2.49E-98 
S.0B>03 1.S7E-06 1.24E-08 1.32E-06 1.49E-0C 1.73E-08 1.96E-0S z.icE-ca 2.61E-08 
5.5C*03 1-77E-O0 1.41E-06 1.49E-06 X.65E-06 1.88E-06 2.10E-06 2.43E-08 2.72E-08 
6.GE*03 I.96C-08 1.57E-06 1.65E-00 1-6IE-06 2.03E-06 2.24E-08 2.55E-08 2.83E-08 
*.0E»03 2.61E-08 2.17E-08 2.24E-08 2.37E-08 2.55E-0a 2.72E-0S 2.98E-C8 3.20E-06 
1.0E»04 3-12E-48 2.67E-06 2.72E-06 2.63E-08 2.98E-08 3.I2E-08 3.32E-08 3.51E-08 
1.2E«04 3.51E-0* 3.07E-08 3.12E-08 3.20E-08 3.32B-08 3.44E-08 3.61E-08 3.76E-06 
1.4E»04 3.82E-08 3.40E-08 3.44E-0S 3.51E-08 3.6IE-08 3.70E-08 3.64E-08 3.97E-06 
1.6E*04 4.oce-oa 3.67E-0S 3.70E-O6 3.76E-08 3.S4E-06 3.92E-08 4.04E-0* 4.14E-C8 
1.6E*04 1.251-08 3.90E-O9 3.92E-08 3.97E-08 4.04E-06 4.10C-00 4.I9E-08 4.28E-08 
2.0E»04 4.40E-0S 4.06E-06 4.10E-08 4.14E-08 4.19E-0a 4.2SE-08 4.33K-08 4.40E-08 

Accuracy: * - Possible Error Greater Than 10% 
t - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

Emin ' 1.0E+03 eV, Zmax « 2.0E+O4 eV 

T*"P. 
(•VJ AO Al A2 A3 A4 A5 A6 

1000. -37.7759 2.35765 -.526776 .0461542 -.00599557 .00186274 5.61692E-05 
2000. -37.3613 2.05214 -.169347 .00372548 -00J6O397 3.22696E-04 1.92742B-07 
4000. -36.7649 1.63391 -.227162 -.0326342 .00799962 4.62650E-04 -3.57204C-04 
7000. -36.1737 1.24696 -.108095 -.0449946 .00515942 .00147366 -4.77249E-04 
10000. -35.7678 .996971 -.0496155 -.0432215 .00174125 .00180491 -2.03326E-04 
15000. -35.3028 .734516 -.00187920 -.0346346 -.00171864 .00144811 -J.44066E-05 
20000. -34.9644 .566598 .0150211 -.0267530 -.00111077 .00106401 2.07674E-04 
Equal T«ap. -37.4591 2.34257 -.631509 .0945062 •.0201712 .00642863 -.00134327 

See appendix for Chebyshev fit details 
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+ He - > Oi + He*) ™ (H* + He* + e) 

Maxweliian — Maxwellian 

He Temp. 

(eV) 

A ~ 1000. 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 
H* Temp. (eV) *ltf 
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Total He* Production Rate Coefficients for 

He * H* --> (He* • H) or (He* + H* • e) 

Bean - Haxwellian Rate Coefficients (caVs) 

a* 
Taap. B» Energy ( •V/aan) 
(•V) 10000. 20000. 40000 . 70000- 100000. 200000 . 5OO00O. 

1.0E*00 I . 8 4 E - 0 * 4 .68E-08 6 .02E-08 S.8CE-08 5 .36E-08 4 .44E-08 3 .56E-08 
2 . 0 0 0 0 1.84E-C8 4 .68E-08 6.O:E-OS 5.S0E-00 5 .36E-08 4 .44E-08 3 .56E-08 
4 .0E*00 1 .84E-06 4 .67E-08 6 .02E-06 5 .80E-08 5 .36E-08 4 .44E-08 3 .5«E-08 
7.0B>00 1.83E-06 4.66C-06 6 .01E-00 5.80B-C8 5 .36E-09 4 .44E-0S 3 .S6E-08 
1 .0 f>01 1-83E-06 4 .66E-06 6 .01E-08 5 .80E-08 5 .36E-08 4 .44E-0S 3 .56E-08 
2 .0E»01 1 .93E-08 4 .64E-06 6 .00E-08 S.SOE-08 5 .36E-08 4 44E-08 3 .S6E-08 
« .0Z«01 1 .63E-08 4 .62E-08 5 .99E-06 5 .79E-08 5 . 3 6 S - 0 8 4 .44E-06 3 .56E-08 
7.oe^oi I .63E-G6 4.6OE-O0 S.96E-08 5 .79E-08 5 .35E-08 4 . M B - 0 0 3 . 5 6 B - 0 * 
I .0E»02 1 .84E-38 4-59E-08 5 . 9 7 E - M S.79E-08 5 .35E-08 4 .44E-0S 3 .56E-08 
2 .0E»02 1 .87E-08 4.5SE-06 S.94E-08 5 .7SE-08 5 .35E-03 4 .44E-00 3 .56E-06 
4 .0E*02 1 . 9 9 1 - 0 0 4.5IE-OS 5 .91E-06 5 .77E-0S 5 .35E-08 4.43E-CS 3 .56E-0S 
7 . 0 t » 0 2 2 . 0 7 E - 0 6 4 .4SE-08 S.87E-06 S.75E-08 5 .34E-08 4 .44E-0S 3 .56E-0S 
1 .01*03 Z.16E-08 4 .46E-08 5 .85E-08 5 .74E-08 5 .34E-08 4 .44E-08 3 .56E-08 
2.0E«O3 2 . S 1 E - 0 * 4 .44E-0S S.76E-06 5 .71E-08 S.32E-08 4 .44E-08 3 .56E-08 
«.oe»o3 3-OOE-08 4 .47E-08 5.62E-0B 5.64E-C6 5.3OC-06 4 .44E-08 3 .56E-06 
7.0E«03 3 .50E-06 4 .56E-08 5.46E-08 5 .54E-06 5 .25E-08 4 .44E-08 3 .56E-08 
I .0E»04 3 .S6C-08 4 .64E-08 5.35E-06 5 .45E-08 5 . 2 I E - 0 8 4 .44E-08 3 .56E-08 
2 .0E*04 4 .53E-08 4 .8SE-08 S.16E-GS 5. 2IE-08 5 .05E-08 4 .42E-08 3 .S6E-08 

Chebyshev 

Soar ay 
(av /aaw) AO Al 

J 0000 . - 3 5 . 1 3 1 1 .412861 
2 0 0 0 0 . - 3 3 . 7 7 8 4 - . 0 0 3 9 6 6 6 4 
4 0 0 0 0 . - 3 3 . 3 3 3 8 - . 0 6 5 6 8 6 0 
7 0 0 0 0 . - 3 3 . 3 7 0 4 - . 0 3 9 1 2 8 6 
100000. - 3 3 . 5 0 4 1 - . 0 1 9 3 6 6 9 
2 0 0 0 0 0 . - 3 3 . 8 6 2 6 - 6 . 2 9 1 2 0 1 - 0 4 
900000 . - 3 4 . 3 0 0 9 - 7 . 6 4 6 1 7 E - 0 4 

i t t ina Parameters for Rate Coefficients 

1.0E+00 eV, ER«ax = 2.0E+04 eV 

hi K3 M hi A6 

.226878 

.0221013 

.0346993 

.0249648 

.0135261 

.0563636 

.0208873 
.0127965 
.0133215 
.00817621 

.0173675 

.00921146 

.00242907 

.00605125 

.00432298 

- .0216039 
.00114081 
.00117581 

- .00211349 
- .00189118 

-9 .61867E-04 -9 .42621E-04 - 7 . 2 1 3 8 7 E - 0 4 -4 .478S6E-04 
-4 .54422E-04 -2 .24604E-04 -1.49"*45E-04 - 1 . 3 1 6 7 9 1 - 0 4 

- . 0 0 6 2 0 6 1 6 
- . 0 0 1 4 6 3 8 8 

.00179130 
- 2 . 4 9 7 4 5 E - 0 4 
-6 .O9453E-04 
- 2 . I 1 6 3 3 E - 0 4 
- 5 . 4 0 5 1 3 E - 0 5 

see appendix for Chebyshev fit details 



D-33 

He + H* - > (He* + H) or (He+ + H* + e) 

Beam — Maxwellian 

70.0 

He Energy 

(eV/omu) 

A =10000 . 

x = 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

K = 7 0 0 0 0 . 

® = 100000. 

B = 2 0 0 0 0 0 . 

O = 5 0 0 0 0 0 . 

Recommended 
•Doto 

Chebyshev Fit 

10 10' ](? 105 

H + Temp. (eV) 
104 10 
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Ionization and Total He2* Production Cross Sections for 

H* * He -> H* + He2* • 2e 
H* • He -> (H" • He2*) or (H* + He2* • 2e) 

Ionization Total He2* Production 

Energy Cross Feetion Energy Cross Section 
(ev/amu) (cm2) (eV/ami) (cm2) 

2.0C+O4 1.40E-19 1.0E+04 4.97E-19 
1.0E+04 4.46E-19 1.5E+04 9.85E-19 
4.0E+04 6.68E-19 2.0B+04 1.49E-18 
6.0E+04 9.69E-19 3.0E+04 2.17E-18 
8.0E+04 1.07E-18 4.0E+04 2.38E-18 
1.0E+05 9.95E-19 5.0E+04 2.41E-18 
1.5E+05 7.42E-19 7.0E+04 2.30E-18 
2.0E+O5 5.59E-19 1.0Et05 1.80E-18 
3.0B+O5 3.67E-1S 1.5E+05 1.04E-18 
4.0E+05 2.52E-19 2.0E+05 6.71B-19 
6.0B+05 1.38E-19 3.0E+05 3.83E-19 
8.0E+05 9.63E-20 4.0E+05 2.52E-19 
1.0E+06 7.49E-20 7.0E+05 1.14E-19 
1.5B+06 4.956-20 1.0E+06 7.54E-20 
2.0E+06 3.72E-20 1.5E+06 4.98E-20 
3.0E+O6 2.46E-20 2.0E+O6 3.74E-20 
4.0E+06 1.85B-20 4.0E+06 1.86E-20 
5.0E+06 1.46E-20 5.0E+06 1.48E-20 

References: 83, 87, 89, 315, 353, 354, 359, 368, 371, 372, 375, 
376, 381, 382, 383, 384, 385, 386, 387, 388 

Accuracy; 20% 
Httes; (1) The total cross section for producing slow He2* ions is the sun of the 
druble ionization cross section (H* • He -> H* + He2* • 2e) and the electron capture 
c o n section (H* + He -> H" + He 2*). (2) At energies less than 3x10* eV/amu the 
production of He2* is dominated by doi'b'e electron capture collisions. (3) For 
cross sections involving the formation of He* see the preceding set of data. 

Cheb/shev fitting Parameters for Cross Sections 

Ionization E_ i n « 2.0E+04 ev/amu, ^nax * 5.0E+06 eV/amu 
Tot. He2* Prod. E", ' - 1.0E+04 eV/amu, E ^ 7 - 6.OE+06 eV/air.u 

A0 Al A2 A3 A4 A5 A6 
Ionization -86.8125 -1.69704 -.988419 .579481 -.140358 -.0229323 -.00915691 
Tot. He2' Prod. -85.7168 -2.26739 -.987093 .602380 -.0759791 -.104008 .0149516 

The fit represents the Ionization cross section with an rms deviation of 2.5%. 
The Maximum deviation is 4.3% at 4.0E+04 eV/amu. 
The fit represents the Tot. He2* Prod, cross section with an rms deviation of 2.7%. 
The maximum deviation is 4.8% at 2.0E+05 ev/amu. 

See appendix for Chebyshev fit details. 
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H* + He - > H* + He2* + 2e 
H* + He - > (H" + He2*) or (H* + He2* -I- 2e) 

1 0 " ' 7 . . • • • •• 

Cross Section vs. Energy 

10 r2C 

T 1 1 I I I I l | "I 1—I I I I • 

J I • ' ' ' " ' ' ' I •• I I I 1 I I ( I 1 I 1 I I 

A = ->Totol He** Prod. 

x = H * + He3* + 2e 

Recommended 
-Data 

Chebyshev Fit 

104 1C? 10 6 

Energy (eV/amu) 
10' 



Double Ionization Rate Coefficients for 
He + H* -> He:* • H* + 2e 

Bean - Maxwellian Rate Coefficients (cw3/s) 

Teaf>. He Energy (ev/awu) 
(eV) 20000. 40000. 60000. 80000. 100000. 200000. 500000. 

1.0E+00 1.42E-11' 1.85E-10 3.29E-10 4.20E-10 4.37E-10 3.47E-10 1.78E-10 
2.0E+00 1.44E-11' • 1.85E-10 3.29E-10 4.20E-10 4.37E-10 3.47E-10 1.78E-10 
4.0E+00 1 .46E-U' • 1.85E-10 3.29E-10 4.19E-10 4.36E-10 3.47E-10 1.78E-10 
7.0E+00 1.49E-11* » 1.85E-10 3.29E-10 4.19E-15 4.36E-10 3.47E-10 1.78E-10 
1.0E+01 1.52C-11* ' 1.85E-10 3.28E-10 4.19E-10 4.36E-10 3.47E-10 1.78E-10 
2.0E+01 1.58E-11' ' 1.85E-10 3.28E-10 4.18E-10 4.36E-10 3.47E-10 1.78E-10 
4.0E+01 1.68E-11- 1 1.85E-10 3.27E-10 4.17E-10 4.35E-10 3.47E-10 1.78E-10 
7.0E+01 1.80E-11' » 1.85E-10 3.27E-10 4.16E-10 4.34E-10 3.47E-10 1.78E-10 
1.0E+02 1.90E-11' > 1.85E-10 3.26E-10 4.15E-10 4.34E-10 3.47E-10 1.78E-10 
2.0E+02 2.20E-11' • 1.85E-10 3.26E-10 4.13E-10 4.32E-10 3.47E-10 1.78E-10 
4.0E+02 2.70E-11' • 1.87E-10 3.25E-10 4.10E-10 4.31E-10 3.46E-10 1.78E-10 
7.0E+02 3.34B-11< • 1.89E-10 3.25E-10 4.07E-10 4.28E-10 3.47E-10 1.78E-10 
1.0E+03 3.90E-11 • 1.92E-10 3.25E-10 4.04E-10 4.26E-10 3.46E-10 1.78E-10 
2.0E+03 5.50E-11' • 2.00E-10 3.24E-10 3.97E-10 4.19E-10 3.46E-10 1.78E-10 
4.0E+03 8.11E-11' » 2.15E-10 3.23E-10 3.85E-10 4.08E-10 3.45E-10 1.78E-10 
7.0B+03 1.13E-10 2.32E-10 3.21E-10 3.73E-10 3.94E-10 3.42E-10 1.79E-10 
1.0E+04 1.40E-10 2.44E-10 3.20E-10 3.64E-10 3.83E-10 3.39E-10 1.79E-10 
2.0E+04 2.03E-10 2.71E-10 3.18E-10 3.45E-10 3.58E-10 3.28E-10 1.80E-10 

Accuracy: • - Possible Error Greater Than 10% 
t - Possible Error Greater Than 100% 

Chebvshev Fitting parameters for Rate Coefficients 

^in 1.0E+00 eV, max 2.0E+04 eV 

Energy 
(•v/aau) A0 Al A2 A3 A4 A5 A6 

20000. - 4 8 . 1 7 5 4 1.30300 .485174 .3460600 - . 0 4 5 7 4 8 3 . .0219390 -7 6S210E-04 
40000. - 4 4 . 6 4 0 2 .155663 .100721 .0406747 .00551141 - .00485369 - . 0 0 4 2 0 5 4 6 
60000. - 4 3 . 6 9 3 6 .0163921 - . 0 0 4 7 8 5 2 9 - . 00179360 - . 0 0 1 3 1 6 4 6 -1 05431E-04 8 93566E-04 
SOOOO. - 4 3 . 2 8 6 5 - . 0 8 2 4 3 8 6 - . 0435066 - . 0 1 6 5 9 7 5 - . 0 0 3 8 7 1 1 5 5 •14172E-04 1 18040E-0J 
100000. - 4 3 . 1 9 5 6 - . 0 7 6 7 1 9 9 - . 0463123 - . 0215537 - . 0 0 7 2 7 2 0 8 - 9 .94415E-04 « .20812E-04 
200000. - 4 3 . 5 8 1 1 - . 0 1 7 0 3 0 1 - . 0 1 2 7 1 8 1 - . 00866682 - . 0 0 5 3 0 4 1 0 - .00279153 -1 1985«>E-03 
500000. - 4 4 . 8 9 7 1 .00488974 .00133081 .00166204 5 .29597E-04 - 3 67440E-O6 -7 7215 :E-05 

See appendix for Chebyshev fit details 
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He + H* - > He2* + H* + 2e 

Beam - Maxwellian 

He Energy 

(eV/omu) 

A = 2 0 0 0 0 . 

x =40000. 

v =60000. 

* = 8 0 0 0 0 . 

• = 100000. 

O = 2 0 0 0 0 0 . 

D = 500000. 

Recommended 
-Data 

Chebyshev Fit 

H* Temp. (eV) 



D-38 

Total He* Production Rate Coefficients for 

H* + He -> (H~ • He 2*) + (H* + He 2' + 2e) 

Maxwellian - Haxwellian Rate Coefficients (cm /s) 

(•v) 
Equal 
Taap. 500C. 7500. 10000. 

He Temp. 
12S00. 

<«V) 
15000. 17500. 20000. 

7.5E»02 
1.0£»03 
1.3E«03 
1.5E»03 
1.8E»03 
2.0E*03 
3.0E*03 
4.OE+03 
5.0E»03 
6.0E»03 
7.08*03 
.0E*03 
.0E*03 
-OE»04 
.28*04 
.5E»04 
.0E«04 

7.6BE-154 
1.04E-13* 
5.03E-13I 
1.45E-I2f 
3.12E-12I 
5.59E-12* 
.30E-11I 
.92E-11* 
-03E-11" 
.13E-10* 
.47E-10* 

1.80E-10* 
2.11E-I0 
2.41E-10 
•>.96E-10 
J.66E-10 
4.50E-10 

03E-12I 
55E-12I 
59E-12I 
15E-12I 
12E-1I* 

1.47E-11* 
3.27E-11I 
5.52E-1I" 
8.03E-11* 
1.07E-10* 
1.33E-10* 
1.60E-10' 
1.86E-10' 
2.11E-10 
2.59E-10 
3.21B-10 
4.04E-10 

6.81E~12t 
9.61E-12I 
1.29E-11I 

6 6 E - 1 U 
08E-11# 
53E-11I 
63E-11* 
07E-11* 
66E-11* 

1.23E-10" 
1.50E-10* 
I .76E-10* 
2 .02B-10 
2 .27E-10 
2 .72E-10 
3 .33E-I0 
4 .12E-10 

1.47E-11I 
1.87E-1H 
2.30E-I1* 
2.77E-11# 
3.27E-1U 
3.80E-11' 
6.12B-11* 
8.68E-U* 
.13E-10* 
.40E-10* 
.67E-10* 
.92E-10* 
.18E-10 
.4 IE-10 
.86E-10 
•44E-I0 

4.21E-10 

2.53E-llt 
3.01E-11I 
3.53E-U* 
4.07E-1I* 
4.61E-U* 
5.22B-11* 
7.70E-11* 
1.03E-10* 
1.30E-10* 
1.S7E-10' 
1.B3E-10* 
2.08E-10 
2.33E-10 
2.56E-10 
2.99B-10 
3.55E-10 
4.29E-10 

3.80E-U 
4.35E-11 
4.92E-11 
5.52E-U 
6.12E-11 
6.75E-11 
9.33E-11 
1.20E-10 
1.47E-10 
1.73E-10 
1.99E-10 
2.24E-10 
2.47E-10 
2.70E-I0 
3.I2E-10 
3.66E-10 
4.36E-10 

5.22E-11' 
5.82E-11* 
6.44E-11* 
7.07E-11' 
7.70E-11' 
8.35E-11* 
l.lOE-10* 
1.37E-10-
1.63E-10' 
I.89E-10* 
2.14E-10 
2.38E-I0 
2.61E-10 
2.83E-10 
3.24E-10 
3.76E-10 
4.44E-10 

75E-11* 
38E-11* 
03E-11* 
68E-11* 
33E-11* 
10E-10* 
27E-10* 

1.54E-10* 
1.80E-10* 
05E-10 
30E-I0 
53E-I0 
75E-10 
96E-10 
35E-10 
86E-10 

4.50E-10 

Accuracy: * - Possible Error Greater Than 10% 
t - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

^ i n = 7.SE+02 eV, E ^ = 2.0E+04 eV 
Ha 

Tcap. 
(•V) A0 Al A2 A3 A4 AS A6 

5000. -47.9855 2.71190 -.299562 -.0631734 .0152650 -.00140966 -4.92425E-04 
7500. -47.0952 2.12886 -.119977 -.0704054 .00701306 .00151172 -6.61029E-04 
10000. -46.4732 1.74892 -.0292041 -.0751534 3.23238E-04 .O0245385E-O3 -3.15620B-04 
12500. -46.0040 1.47944 .0203814 -.0667770 -.00376242 .00212506 5.55977E-05 
15000. -45.6322 1.27684 .0490457 -.0581142 -.00655132 .00195763 1.43604E-04 
17500. -45.3276 1.11863 .0651645 -.0499554 -.00809607 .00145805 3.73270B-04 
20000. -45.0718 .991107 .0746366 -.0430706 -.00880789 .00106692 2.57551E-04 
Equal Tamp. -50.6204 5.07900 -1.59808 .393560 -.101010 .0175307 -.00147330 

See appendix for Chebyshev fit details 
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H* + He --> (H~ + He2*) + (H* + He2 + + 2e) 

Maxwellian — Maxwellian 

10 r » 

10 
- 1 0 

10 
--11 

10 r O 

T — i i i i i i i | 1—i—i i i n n 1 1—i i i 111_ 

J — ' » ' " ' ' ' ' » • i i i n 

He Temp. 

(eV) 

A = 5 0 0 0 . 

x = 7 5 0 0 . 

V =10000 . 

* = 12500. 

• = 15000. 

O = 17500. 

O = 2 0 0 0 0 . 

Recommended 
•Doto 

J 1—i—i i i i n 

Chebyshev Fit 

Equal Temp. 

102 103 104 

H + Temp. (eV) 
109 
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Total Me2* Production Rate Coefficients for 

He • H* -> (He2* • H") • (He2* • H* • 2e) 

Beam Maxwellian Rate Coefficients (au/s) 

T M p . H« Energy CV/ama) 
(•V) 10000- 20000. 40000. 70000. 100000. lbOOOO. 200000. 

1.0B»O 3.56E-11 2.92E-1Q 6.61E-I0 8.44E-10 7.90E-10 5.59E-10 4.I7S-10 
2.0E»00 3.60E-11' 2.92E-I0 6.61E-10 8.445-10 7.89E-I0 S.59E-10 4.17E-10 
4.0E»00 3.67E-111 2.92E-10 6.60E-10 8.43E-10 7.89E-10 5.59E-10 4.17E-10 
7.0E»00 3.74E-IT 2.92E-10 6.60E-10 8.4JE-10 7.88E-10 5.59E-10 4.17E-I0 
1.0E»01 3-80E-11' 2.91E-10 6.60E-10 8.42E-10 7.88E-10 S.59E-10 4.17E-10 
2.0E»01 3.96E-11 2.91E-10 6.59E-I0 8.4IE-10 7.86E-1C 5.S9E-10 4.17E-10 
4.0E»01 4.20E-11' 2.915-10 6.59E-10 8.39E-I0 7.85E-I0 5.59E-10 4.17E-10 
7.0E»0I 4.49E-U > 2.91E-10 6.58E-10 8.37E-10 7.83B-10 5.58E-I0 4.17E-10 
10E»02 4.73E-11 2.92E-10 6.58E-10 8.36E-10 7.81E-I0 S.58E-10 4.18E-10 
2.0E»02 5.41E-1I 2.95E-10 6.S7E-IO 8.32E-10 7.78E-I0 5.5»E-10 4.I8E-I0 
4.0E*02 6.55E-11 3.01E-10 6.S6E-10 8.26E-10 7.72E-10 5.57E-10 4.19E-10 
7.0E»02 8.03E-1'. • 3.10E-10 6.S5E-10 9.20B-10 7.66E-10 5.S7E-10 4.19E-10 
1.0E»03 9.37E-U 3.18E-:0 6.53E-10 8.15E-10 7.62E-10 5.57E-10 4.20E-10 
2.0E»03 1.33E-10 • 3.43E-1C 6.50E-1Q 8.00E-10 7.48E-IO 5.56E-1C 4.22E-10 
4.0E«03 1.99E-10 3.84E-I0 6.46E-10 7.73E-1C 7.2GE-10 5.54E-I0 4.24E-I0 
7.0E«03 2.77E-10 4.32E-10 6.41E-10 7.40E-10 6.98E-I0 5.49E-10 4.27E-10 
1.0E'04 3.39E-I0 4.69E-10 6.36E-10 7.12E-10 6.74E-I0 5.42E-10 4.28E-10 
2.0E»04 4.75E-I0 S.41E-10 6.21E-I0 6.47E-10 S.J4E-10 5.17E-10 4.24E-10 

Accuracy: « - Possible Error Greater Than 10% 
* - Possible Error Greater Than 100% 

ChebYShev Fitting Parameters for Rate Coefficients 

^ n 1.0E+00 ev. Emax 2.0S*04 ev 

Energy 
(•v/acu) A0 AI A2 A3 *£ A5 A6 

10000. -46 3757 1.27610 .480627 .0489252 -.0511164 •-.0308841 -.00542828 
20000. -43 5984 .264368 .158736 .0549494 .00162732 -.00969406 -.00629046 
40000. -42 3060 -.0238894 -.0J25864 -.00618733 -.00260784 -.00102524 -4.6473OE-04 
70000. -41 9087 -.101626 -.0604596 -.0289603 -.0112319 -.00285512 3.95976E-04 
100000. -42 0)60 -.0958542 -.0558944 -.0266235 -.0108604 -.00350631 -4.83059E-04 
1S0000. -42 6352 -.0233424 -.0167110 -.0116669 -.00760143 -.00419389 -.00181500 
200000. -43 1811 .0113231 .00418441 -8.71051E-04 -.00251835 -.00215399 -.00136312 

See appendix for Chebyshev fit details 
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He + H* - > (He2* + H") or (He2' + H* + 2e) 

Beam — Maxwellian 

10.0 j — i i i mi i |—i i i H U H — i i i un i t—' > >>iui|—i i 1 inn 

9.0 -

8 0 (f-

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 0 1 • ' ' " • " ' • • • •"••! i I.I null i i m i n i i i i I I I U 

He Cnergy 

(eV/amu) 

A = 10000. 

x = 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

x = 7 0 0 0 0 . 

• = 100000. 

B = 150000. 

O = 2 0 0 0 0 0 . 

Recommended 
-Data 

Chebyshev Fit 

10° 10' 1C? 10 s 

H* Temp. (eV) 
104 icf 
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Penning, Associative, and Total Ionization Cross Sections for 
He(2'S) • H -> He t H* • e (opj) 
He(21S) *• H -> HeH' + e (oAr) 
He(21S) • H -> (opj) + (o M) (Total Ion.) 

Total Ion. (TI) Penn. Ion. (PI) Assoc. Ion. (AI) 
Energy o Energy o Energy o 
(ev/awu) (c«2) (eV/awu) [cm2) (eV/aau) (cm2) 

2.0E-02 7.93E-15 1.8E-02 6.02E-15 1.9E-02 1.83E-15 
2.5E-02 7.35E-I5 2.0E-02 5.89E-15 2.0E-02 1.77E-15 
3.0E-02 6.89E-15 3.0E-02 5.34E-15 2.5E-02 1.51E-15 
4.0E-02 6.19E-15 4.0E-02 4.93E-15 3.0E-02 1.29E-15 
6.0E-02 5.16E-15 6.0E-02 4.29E-15 4.0E-02 9.78E-16 
8.0E-02 4.51E-15 8.0E-02 3.83E 15 6.0E-02 5.79E-I6 
1.0E-01 4.02E-15 1.0E-01 3.47E-15 8.0E-02 3.75E-16 
1.3E-01 3.49E-15 1.3E-01 3.11E-15 1.0E-01 

1.3E-01 
2.60E-16 
1.80E-16 

References: 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 
431. 432, 433 

Accuracy: 100% 
Motes: (1) The total ionization of H by low energy He(21S) is the sum of Penning 
ionization He(21S) • H -> He • H* • e and associative ionization He(2IS) + H -
> HeH* • e. (2) All data have been normalized to theory at an interaction energy 
of 0.04 eV. (3) Total ionization is sometimes referred to as chemlonization. 
(4) The energy of the 21S state is 20.61 eV with a lifetime of 2xl0"2 sec. 

Chebyshev F.ctiuq Parameters for Cross Sections 

Total Ion. (TI) 
Penn. Ion. (PI) 
Assoc. Ion. (AI) 

E m i n = 2.0e-02 ev/amu, 
pnin 
^min 

1.8E-02 eV/amu, 
1.9E-02 ev/amu. 

Emax 
Emax 

1.3E-01 eV/amu 
1.3E-01 ev/amu 
1.3E-01 eV/amu 

A0 AI A2 A3 A4 AS A6 

Total Ion. (TI) 
P«nn. Ion. (PI) 
Assoc. Ion. (AI) 

-65.7017 -.409*75 -.02885*6 .000799090 .000526085 
-66.0843 -.312900 -,0347058 .00142222 .00272425 
-69.9529 -1.18775 -.115804 .0232877 .0173t97 

-.00141688 .000701497 
.00118710 .000264732 
.00454102 .000920812 

The fit represents the (TI) cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.2% at 3.0E-02 eV/amu. 
The fit represents the (PI) cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.1% at 6.0E-02 ev/amu. 
The fit represents the (Af( cross auction with an rms deviation of 0.3%. 
The maximum deviation is 0.4% at 3.0E-02 ev/amu. 

Sep appendix for Ch«*;>ysr>ev fit dotal Is. 
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HeQ'S) + H - > He + H* + e ( a R ) 
HeQ'S) + H - > HeH* + e (a A | ) 

£ u 
c o 

" • • - ' o 
4> 

(/> 
CO 
CO 

e 

^ - » * 
Cross Section vs. Energy 

A = a T , (a A I + *„,) 
x = 0 p i 

At 

Recommended 
Doto 

Chebyshev Fit 

•( r 
0.000 0.025 0.050 O.075 

1 r 
0.100 0.125 0.150 

Energy (eV/omu) 
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Penning, A s s o c i a t i v e , and Tota l Ion izat ion Cross S e c t i o n s for 

He(2 J S) • H -> He + H* • e <«P7> 
He(2 3 S) • H -> HeH" • e (•'A:) 
He(2 3 S) * H -> (O^t) • (<*«) (Total Ion . ) 

Tota l l [on. (TI) Penn. Ion. (PI) Assoc . Ion. (AI) 

Energy a Energy 0 Energy o 
(ev /aau) ( c - 2 ) (ev/amu) (OB 2 ) ( e V / a w ) {cm2) 

1.3E-02 4.26E-15 1.2E-02 2.95E-15 1.2E-02 1.34E-15 
1.5E-02 4.12E-15 1.5E-02 2.80E-15 1.5E-02 1.2SE-15 
2.0E-02 3.84E-15 2.OE-02 2.61E-15 2.0E-O2 1.13E-15 
4 .0E-02 3.05E-15 4.0E-02 2.20E-15 4 .0E-02 8.08E-16 
6.0E-02 2.55E-15 6.0E-02 1.95E-15 6.0E-02 6.14E-16 
8 .0E-02 2.24E-15 B.OE-02 1.77E-15 8.0E-02 4 .90E-16 
1.0E-01 2.02E-15 l.OE-01 1.61E-15 l.OE-01 3.99E-16 
l . s e - o i 1.64E-15 1.5E-01 1.36E-15 1.56-01 2.67E-16 
2.0E-01 1.40E-15 2 .06-01 1.19E-15 2.0E-01 1.95C-I6 
4 .0E-01 9.79E-16 3.0E-01 9.77E-16 4.0E-01 9.18E-17 
6.0E-01 7.72E-16 5.0E-01 7.58E-16 6.0E-01 5.98E-17 
8 .0E-01 6.31E-16 7.0E-01 6 .1 BE-16 8.0E-01 4.54E-17 
1.0E+00 5.25E-16 1.0E+00 4.88E-16 l.OE+00 3.69E-17 
1.5E+00 3.92E-16 1.5E+00 3.87E-16 1.5E+O0 2.53E-17 
2.0E+00 3.44E-16 2.0E+00 3.36E-16 2.0E+00 1.9JE-17 
4.0E+00 2.S4E-16 4.0E+00 2.49E-16 4.0E+00 9.51E-18 
6.0E+00 2.13E-16 6.0E+00 2.10E-16 6.0E+00 6.12E-18 
8.0E+00 1.89E-16 8.0E+00 1.86E-16 8-0E+O0 4.11E-18 
1.0E+01 1.71E-16 1.0E+01 1.71E-16 1.0E+01 2.17E-18 
1.3E+01 1.53E-16 1.3E+C1 1.51E-16 1.3E+01 9.08E-19 

References: 420, 421, 422. 423, 424. 423, 425, 426. 427, 428, 429, 
430, 431, 432, 433 

Accuracy: 100% 
Botes: (1) The total ionization of H by low energy metastable He(2*S) is the 
SUM of the cross section for Penning ionization opt - He(2>S) • H -> He • H* * 
e and associative ionization aKl - He(2]S) • H -> HeH* • e. (2) Much of the data 
have been taken such that the entire Metastable bean is in the 21S state. 
Measurements have shown thai the ratio of singlet to triplet states in ion 
beans is approximately 0.1. This assumption results in an error well within the 
experimental errors. (3) Total ionization is also referred to as 
chemionization. (4) The energy level of the 2 S is 19.82 ev with a lifetime of 
7900 sec. 

Chebvshev Fitting Parameters for Cross Sections 
Total Ion. 
Penn. Ion. 
Assoc. Ion. 

(TI) 
(PI) 
(AI) 

1.3E-02 ev/amu, 
1.2E-02 ev/amu, 
1.2E-02 ev/amu, & 

1.3E+01 ev/amu 
1.3E»01 ev/amu 
1.3E+01 ev/amu 

Total Ion. ITJ) -69.1748 
Penn. Ion. (PI) -69.6823 
Assoc. Ion. (AI) -74.3566 

A! Ai hi h* AS 

The 
The 
The fit represent!. _. 
The maximum deviation is 1.5% at 1.5E»0O ev/amu. 
Vhe fit represents the (Af) cross section with *n rms deviation 
The maximum deviation is B.6% at 4.0E»00 oV/amu. 

A6 

-1 .74540 - . 0609031 . ! f t *?12 .•~;'j~iil - . 0 1 4 0 9 5 6 - . 0 2 5 7 5 1 2 
- 1 . 5 5 6 0 * - . 1 0 7 7 ; « .09)2212 .0140800 - . 0 2 2 4 2 4 9 - . 0 1 1 0 6 7 1 
- 1 . 4 5 ) 0 6 - . 4 6 6 * 0 5 • • . 0598j16 - .211902 -.116545 - . 0 2 9 8 5 4 5 

f i t represents the (TI) cross sec t ion w i th an rms dev ia t ion of 1.0%. 
maximum dev ia t ion is 4.7% at 1.5E+0O ev/amu. 
f i t represents the (PI) cross sec t ion w i th an rms dev ia t ion of 0.9%. 
AUtv imum / l A u l A r i n n t o I * i * a f I r » F » A O a u / j m n 

of 1.2%. 

See appendix for ChebyBhev fit details. 
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HeQ3S) + H - > H e + H* + e (dp,) 
Ke(23S) + H - > Hehf + e (oAt) 

Cross Section vs. Energy 

A = aTl (<J A | 4 a w ) 

10" itf 10' 
Energy (eV/omu) 

Recommended 
Data 

Chebyshev Fit 



Total, Penning, and Rearrangement Ionization Cross Sections for 

He(2JS) • H2 -> Ion ronsation 

Total Ionization (TI) Rearrangement lonisation (RI) 

Energy 
(ev/amu) 

2.0E-02 
3.0E-02 
4.0E-02 
S.0E-02 
6.0E-02 
7.0E-0J 
8.0E-02 
9.0E-02 
1.0E-01 
1.5E-01 
1.7E-01 

Cross Section 
(cm:) 

f.l9E-17 
1.02E-I6 
1.45E-16 
1.89E-16 
2.36E-16 
2.84E-16 
3-34E-16 
3.86E-16 
4.39E-16 
7.21E-16 
8.04E-16 

Energy Cross Section 
(as 3 ) (ev/amu) 

Cross Section 
(as 3 ) 

3.0E-02 1.12E-17 
4.0E-02 1.22E-17 
5.0E-02 1.37E-17 
6.0E-02 1.55E-17 
7.0E-02 1.74E-17 
8.0E-02 1.92E-17 
9.0E-02 2.0CZ-17 
l.OE-01 2.19E-17 
1.5E-01 2.79E-17 
2.0E-01 3.35E-17 
3.0E-01 4-47E-17 
4.0E-01 5.55E-17 
5.0E-01 6.58E-17 
6.0E-01 7.62E-17 
7.0E-01 8.70E-17 
7.5E-01 9.18E-17 

References; 412, 421, 433, 434, 435, 436, 437, 438, 439, 440, 441, 
442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 
453, 454, 455, 45« 

Accuracy: Unknown 
Rotes: (1) The measurement of metastable helium in H 2 is very difficult and 
the experimental results are inconsistent. Therefore the data should not be 
taken as absolute. The total ionization cross sections at thermal energies 
trtiich are plotted at 0.03 eV/amu vary by a factor of six among eight 
measurements in glow discharges, flowing afterglow and merged oeams. (2) The 
processes to form ions are: (a) Penning ionization (PI), He(23S) + H 2 -> He • 
H3* • e; (b) associative ionization <AI) He(23S) • H 2 -> HeH* + e; (c) 
dissociative ionization (DI) He(2*S) + H 2 -> He • H* + H • e; (d) Rearrangement 
ionization (RI) He(23S) • H 2 -> HeH* • H • e; (e) Ion pair production (IPP) 
fte(23S) + H 2 -> He + H* + H". The sum of these processes is know as tctal 
ionization or chemionization; (3) Note that the total ionization is the same 
as Penning ionization within the experimental errors; (4) The energy level of 
the 23S is 19.82 eV with a lifetime of 7900 Bee. 

Chebvshev Fitting Parameters for Cross Sections 
Total Ion. (TI) 
Rear rang. Ion. (RI) Emin 

Emin 
2.0E-02 ev/amu, 
1.0E-02 ev/amu. x 

max 
1.7E-01 ev/amu 
7.5E-01 ev/amu 

A0 Al A2 AJ A4 AJ A6 

Total Ion. (TI) 
R«arr«nq. Ion. (RI) 

-72.0362 
-76.123* 

1.29388 
1.06951 

-.00614640 
.0610251 

.0056*072 -.00984080 -.00595660 -.00475204 
.000279924 .0164987 -.0176903 .00723031 

The fit represents the (TI) cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.?% at S.0E-02 eV/amu. 
The fit represents the (RI) cross section with an rms deviation of 0.5%. 
The maximum deviation is 0.9% at 6.0E-02 eV/aimi. 
See appendix for Chebyshev fit details. 
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He(2 S) + H^ - > Ion Formotion 

10" 

E 
o 
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o 
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cn 
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10 r»« 

10" 17 

Cross Section vs. Energy 

10" 

T 1 1—i—:—i i i | 1 1 1—i—i i i i 

J I I 1 1 I I I I I I I 1 l i t ! 

A = ff Tl.PJ 

X = <7, M 

Recommended 
-Doto 

Chebyshev Fit 

Energy (eV/amu) 
10° 
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Total, Penning, and Rearrangement ionization Cross Sections for 
He(21S) + H- -> ion Formation 

Total ionization (TI) 
Energy (ev/amu) 

Rearrangement Ionization (RI) 

8E-02 
OE-02 
5E-02 
OE-02 
OE-02 
OE-02 
OE-02 

8.OE-02 
9.OE-02 
1.0E-01 
1.5E-01 
1.8E-01 

Cross Sect ion Energy Cross Sec t ion 
(cm 2) (ev/amu) (cm 2) 

9.97E-17 3.OE-02 1.19E-17 
1.11E-16 4.OE-02 1.47E-17 
1.35B-16 5.OE-02 1.69F-17 
1.58E-16 6.OE-02 1.90E-17 
2.04E-16 7.OE-02 2.08E-17 
2.50E-16 8.OE-02 2.2SE-1" 1 

2.94E-16 9.OE-02 2.41E-17 
3.40E-16 1.0E-01 2.51E-17 
3.77E-16 1.1E-01 2.55E-17 
4.07E-16 1.5E-01 2.19E-17 
5.00E-16 2.0E-01 1.83E-17 
5.39E-16 2.5E-01 1.57E-17 

3.0E-01 1.38E-17 
4.0E-01 1.12E-17 
5.0E-01 9.61E-18 
6.0E-01 8.38E-18 
7.0E-01 7.47E-18 
7.5E-01 7.12E-18 

References: 412, 421, 433, 434, 435, 436, 437, 438, 439, 440, 441, 
442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 
453, 454, 455, 456 

Accuracy; .'oknown 
Motes; (1) Tt.9 measurement of metastable helium in H 2 is very difficult and 
the results ire inconsistent. Therefore, the data should not be taken as 
absolute. (2) The processes to form ions are: (a) Penning ionization (PI) 
He(21S) + H 2 -> He + H 2* + e; (b) Associative ionization (AI) He(21S) • H 2 -> HeH2* + e; (c) Dissociative ionization (DI) He(2JS) • H 2 -> He + H + + H + e; 
(d) Rearrangement ionization (RI) He(21S) + H 2 -> HeH' * H + e; (e) Ion pair production (IPP) He(21S) + H 2 -> He + H* • H*. The cum of these processes is 
known as total ionization or chemionization. (3) Note that the Penning 
ionization and the total ionization are the same within experimental errors; 
(4) The energy of the 2 1S state is 20.61 eV with a lifetime of 2xl0"2 sec. 

Chebvshev Fitting Parameters for Cross Sections 

Total Ion. (TI) 
Rearrang. Ion. (RI) 

A0 
Total Ion. (TI) -71.7*45 
Kmanmnq. ion. (RI) -77.6786 

Emin 
Emin 

= 2.8E 
= 3.0E-

-02 ev/amu, 
02 ev/amu. 

Emax 
^max 

- 1.8E 
= 7.5E-

-01 
01 

ev/amu 
ev/amu 

Al A2 A3 A4 A5 A6 

. 8 5 1 0 2 3 
- - J J 1 J 7 J 

- . 1 2 8 7 2 9 
- . 4 1 4 6 4 4 

- . 0202443 
.0826330 

.00116383 

.0582759 
.0124597 

- . 0 4 0 0 3 6 5 
-. U00179356 

- . 0150564 

The fit represents the (TI) cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.6% at 7.0E-02 eV/amu. 
The fit represents the (R!) cross section with an rms deviation of 2.1%. 
The maximum deviation is 2.9% at 7.OE-02 eV/amu. 

See appendix for Chebyshev fit details. 
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He(2 S) + H-, - > Ion Formation 
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10" 18 
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Cross Section vs. Energy 
T 1 1 1 1—I I I | T 1 1—I I I 

A = CT Tl.Pl 

x = a Rl 

Recommended 
-Data 

Chebyshev Fit 

J I I 1 L i i 1 I I I 1 1 I I I I 

10 
Energy (eV/amu) 
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Ionization and He2* Production Cross Sections for 

H* + He* -> (H* + He2* • e) (ot) 
H* • He* -> (H" + He2' • e) or (H° • He2*) (o«,2') 

Ion iza t ion He2* Product ion 

Energy Cross Sec t ion 
(CB 2 ) 

Energy Cross S e c t i o n 
( e v / a » ) 

Cross Sec t ion 
(CB 2 ) (ev/amu) <cm2) 

2.0E+04 4.20E-19 3.7E*03 9.25E-20 
2.5E+04 7.50E-19 4.OE+03 1.08E-19 
3.OE+04 1.18E-18 5.OE+03 1.62E-19 
3.5E+04 1.67E-18 6.OE+03 2.41E-19 
4.0E+O4 2.21E-1B 7.0E+03 3.5SE-19 
4.5E+04 2.80E-18 8.OE+03 5.35E-19 
5.0E+04 3.42E-18 9.0E+03 7.92E-19 
6.0E+O4 4.69E-18 1.0E+04 1.12E-18 
7.0E+O4 5.92E-18 1.5E+04 4.31E-18 
8.0E+O4 6.98E-18 2.OE+04 9.33E-18 
9.0E+O4 8.00E-18 2.5E+04 1.44E-17 
1.0E+05 8.97E-I8 3.0E+04 1.89E-17 
1.5E+05 1.09E-17 4.0E+04 2.52E-17 
2.0E+O5 1.01E-17 4.5E+04 2.7J.E-17 
3.0E+O5 7.74E-18 5.0E+04 2.86E-17 
4.0E+O5 6.36E-18 6.0E+04 2.96E-17 
5.0B+O5 5.19E-18 7.0E+04 2.93B-17 

S.OE+04 2.81E-17 
9.OE+04 2.64E-17 
1.0E+05 2.42E-17 
1.5E*05 1.75E-17 
2.0E+05 1.36E-17 
3.0E+05 8.97E-18 
4.OE+05 6.56E-18 
5.0E+05 5.12E-18 

69, 73, 75, 76, 77 , 8 1 , 278, 279, 458 

Accuracy; Ionization - 60% 
He2' Production - 30% 

Motes: (1) The production of He2' arises from two processes: (a) Charge exchange (H 
• He* -> H • He2*) and (b) Ionization (H' • He' -> H* • He 2' • e). (2) At energies 
less than approximately 2.0 - 3.0x10** ev/arau the charge exchange process is 
dominant. Above this energy the ionization reaction dominates. 

Chebvshev Fitting Parameters for Cross Sections 

Ionization E m l p = 2.OE+04 eV/amu, E,̂ ,, - 5 0E+0* eV/a IU 
He 2' Production E m i n * 3.7E+03 ev/amu, E m a x - 5.0E+05 eV/am, 

A0 Ai A2 A3 A4 A5 A6 

ionization -80.4308 1.24048 -.890202 .00345922 .0570045 .0193037 -.00746147 
He2' Production -80.5893 2.10OO7 -1.81896 -.00198887 .32512B -.125749 -.00791821 

The f i t represents the Ionization cross section with an rms de<>' ,i.ioti of 1.1%. 
The maximum deviation i s 2.1% at l.OE+0'j ev/.unu. 

The f i t represents the He2' Production cross section with an rms deviation of 1.2%. 
The maximum deviation i s 6.2% at. 3 . 7 E » 0 1 fV/antu. 

See appendix for Chnbyshev fit. de ta i l s . 
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H* + He* - > (H* + He2+ + e) or (H + He2 +) (a '*) 
H+ + He* - > H + + He2+ + e (a :) 

16 
Cross Section vs. Energy 

10 c T 1—i i i 1111 1 1—i I I I I I I 1 1—i i i i 11. 

A = o H« 

x = a. 

f 2 < L _ _ _ J I • ' ' • " ' ' • • • i i i i l i I—I L I I 111 

1CP 104 itf 
Energy (eV/amu) 

Kf 

Recommended 
-Ooto 

Chebyshev Fit 
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P-53 

He* + H* - > He2+ + H* + e 

Beam — Maxwellian 

He* Energy 

(eV/amu) 

A = 2 0 0 0 0 . 

x = 40000. 

v = 6 0 0 0 0 . 

x = 8 0 0 0 0 . 

• = 100000. 

• = 2 0 0 0 0 0 . 

a = 500000. 

Recommended 
-Data 

Chebyshev Fit 

10u id irf id* 104 itf 
H* Temp. (eV) 
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He 2' Production Rate Coefficients for 

H* • He" -> (H* • He :* • e) or (H • He :*) 

Maxwellian Maxwellian Rate Coefficients (car/s) 

Taap. Equal H«* Tnr •- (eV) 
(•*) T««p. ICOO. 2000. 4000. 7000. lOOOO. I50OO. 20O0O. 

3.0E*02 1.9SE-XS* 4.34E-148 3.74E-X3* 3.02E-I2# I.65E-XX- 4.93F-II X.62E-10 3.47E-X0 
5.0E*02 9.77E-148 2.70E-13* I.04E-I28 5.22E-12* 2.30E-1X* 6.23E-11 I.87E-10 3.83E-IO 
7.0B»02 S.74E-X38 8.33E-13I 2.2XE-I2* 8.32E-X2* 3.1IE-IX* 7.7IE-X1 2.I4E-I0 4.20E-.0 
9.0E*02 1.70E-128 1.86E-124 4.02E-I2* X.25E-1I' 4.08E-11 9.39E-1X 2.42E-10 4.59E-X0 
1.0E«03 2.59E-I2I 2.59E-128 5.22E-12* I.5IE-1I* 4.64E-IX I.03E-I0 2.57E-I0 4.78E-10 
X.3E«03 6.08E-12* 5.22E-X2* 9.26E-12- 2.30E-1I* 6.23E-11 1.28E-I0 2.97E-I0 5.29E-10 
1.5E»03 X.19B-X1' 9.26E 12- X.5XE-XX* 3.34E-1X e.iIE-XI X.56E-10 3.39E-X0 5.82E-XC 
1.8E*03 2.oeE-n* I.S1E-11* 2.30E-II* 4.64E-1I 1.03E-I0 I.87E-I0 3.83E-10 6.36E-10 
2.0E*03 3.34E-U 2.30E-X1- 3.34E-1X 6.23E-IX 1.28E-10 2.2IE-X0 4.3OE-I0 6.92E-10 
«.0E*03 2.97E-10 I.87E-X0 2.2XE-X0 2.97E-I0 4.30E-10 5.82E-10 8.68E-10 1.J8E-09 
6.0E»03 8.08E-I0 5.29E-X0 5.82E-I0 6.92E-1C 8.68E-10 I.05E-O9 X.38E-09 1.72E-09 
S.0E*03 I.45E-09 9.92E-I0 1.05E-09 I.18E-09 1.38E-09 J.58E-09 I.92E-09 2.25E-09 
l.OE'04 2.I2E-39 1.5IE-09 I.58E-09 X.72E-09 1.92E-09 2.i;r-09 2.45E-09 2.77E-09 
X.2E-04 2.77E-09 2.05E-09 2.X2E-09 2.25E-09 2.45E-09 2.65E-09 2.96E-09 3.27E-09 
1.4E*04 3.38E-09 2.S8E-09 2.65E-09 2.T7E-09 2.96E-09 3.I4E-09 3.44E-09 3.72E-09 
1.6E»04 3.94E-09 3.08E-09 3.I4E-C9 3.27E-09 3.44E-09 3.6IE-09 3.89E-09 4.15E-09 
l.BE'04 4.44E-09 3.56E-09 3.6XE-:9 3.72E-09 3.89E-09 4.04E-C9 4.30E-09 4.54E-09 
2.0E«04 4.89E-09 3.99E-09 4.04E-09 4.15E-09 4.30E-09 4.44E-09 4.67E-09 4.89E-09 

Accuracy: Possible Error Greater Than 10% 
Possible error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

cmin 3.0E+02 eV, E 'max 2.0E+04 eV 

»•* 
Taap. 
(•VJ A0 Al A2 A3 A4 A5 A6 

1000. -48.8313 5.83309 -.599670 -.148905 -.0411485 .0351603 .00*76359 
2000. -47.5113 4.87892 -.205206 -.261188 -.00849826 .0291692 -K733670E-04 
4000. -41.9304 i.85019 .0664286 -.260544 -.0126576 .0232481 -8.776356E-04 
7000. -44.*276 2.96296 .192841 -.194955 -.027 1665 .01*5816 .00168914 
J0000. -4 3.3804 2.38527 .218913 -.14)127 -.0114389 .0083659/ .00280697 
14000. -42.1743 1.76616 .265545 -.0H7017J -.C3J7594 .00196449 .00271327 
20000. -41.3491 1.17656 .241699 -.o«, )6':4 -.''.2967;: -.00120071 .00208)41 
Equal Tamp. -49.5751 '.04496 -1.5U08 .22184-) -.1*4942 .102621 -.119)609 

See appendix for Chebysnev fit rjetdilo. 
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H* + He* - > (H* + He + e) or (H + He ) 

Maxwellian — Maxwellian 

L - 8 10 P T 1—I I I I M | 1 1—I I I I l l | 1 1—I I I I I I . 

10 ,-» 

10 ,-w 

10 1-11 

10 
„-12 

10 r i 3 

10 - M I I I I I I I I — I — I I I I I I 

He* Temp. 

(eV) 

A —1000. 

x = 2000. 

v = 4 0 0 0 . 

* = 7 0 0 0 . 

• = 10000. 

B = 15000. 

O = 2 0 0 0 0 . 

Recommended 
•Data 

Chebyshev Fit 

Equal Temp. 

10* 103 10 4 

H + Temp. (eV) 
Kf 
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. 2 * . • * He + H* - > (He2* + H* + e) or (He2* + H) 

Beam — Maxwellian 

He* Energy 

(eV/amu) 

A = 10000. 

Recommended 
Data 

Chebyshev Fit 

10' 102 1C? 10" 
H* Temp. (eV) 
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ionization and He2* Production Cross Sections for 

He* • He* -> (He* • He1* • e) (oj) 
He* * He* -> (He • He2*) or (He* • He2** e) log,2*) 

Ionization He" Product ion 

Energy Cross Sect ion Energy Cross Section 
(ev/amu) (OH 2) (ev/aw) (cm2) 

1.0E+04 6.35E-19 5.96+03 3.46E-18 
1.5£*04 1.72E-18 6.0E+O3 3.67E-18 
2.06+04 3.12E-13 7.0E+O3 4.94E-18 
2.5E+04 4.75E-18 8.0E+03 6.38E-18 
3.0E+04 6.72E-18 9.0E+03 7.84E-18 
3.5E+04 8.79E-18 1.0E+04 9.34E-18 
4.06+04 1.08E-17 1.5E+04 I.55E-17 
4*56+04 1.32E-J.7 2.0E+04 1.98E-17 
5.06+04 1.56E-17 2.5E+04 2.256-17 
5.56*04 1.8IE-I7 3.0E+C4 2.506-17 
5.86+04 1.99E-17 3.5E+04 2.69E-17 

4.0E+04 2.82E-17 
4.5E+04 2.94E-17 
5.0E+04 3.00E-17 
5.5E+04 3.02E-17 
6.0E+04 3.03E-17 
6.7E+04 2.98E-17 

References; 69, 277, 457 
Accuracy; 

2J 
Factor of 2 
- 50% 

notes: (1) The production of He 2* arises from two processes: (a) Charge exchange 
(He* • He* -> He + He 2*); (b) Ionization (He* • He* -> He* • He 2* • e ) . '2) At 
energies less than 2.0 - 3.0x10s ev/amu the charge exchange reaction dominates. 
(3) The incident He* energy in ev/amu is plotted V B . the stationary He* target. 

Cnefavshev Fitting Parameters for Cross Sections 

Ionization 
He 2* Prod. 

"-Kin 1.0E+04 eV/amu, 
E B i n = 5.9E+03 eV/amu, "max 

'max 
5.8E+04 
6.7E+04 

ev/amu 
ev/amu 

A0 Al A2 A3 A4 A5 A6 

ionization -80.120B 1.69568 -.114597 .0198130 -.00494221 .00648764 .00123081 
He 2* Piod. -77.5761 1.04465 -.328288 .0385208 -.00883058 -.0130928 .00201232 

The fit represents the Ionization cross section with an rms deviation of 0.5%. 
The maximum deviation is 1.0% at 4.0E+04 e7/amu. 

The fit represents the He*' Prod, cross section with an rms deviation o. 0.5%. 
The maximum deviation ift 1.2% at 5.9E+0 1 *V/aimi. 

See appendix for 0henysh»»v tit details. 
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He* + He* - > (He* + He2* + e) or (He + He2*) (a H e ' - ) 
He* + He* - > He* + He2* + e icj 

^-« 

10 r-L 
tf 

Cross Section vs. Energy 
T 1 » 1 1—I I I "I 1 1 1 I I I 

J I 1 I I I I I I J 1 I 1 1 I I I 

Recommended 
•Dota 

Chebyshev Fit 

1CT 
Energy (eV/amu) 

rf 
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Single Ionization Rate Coefficients for 

He* t He' -> He* + He2* • e 

Beaa - Maxwellian Rate Coefficients (cm3/s) 

He* 
Tef^p. He* Energy (ev/anu) 
(ev) 10000. 20000. 30000. 40000. 50000. 52000. 55000. 

1.0E+00 4.50E-11* 5.85E-10 1.62E-09 2.96E-09 4.85E-09 5.18E-09 5.62E-09 
2.0E+00 4.53E-11* 6.12E-10 1.62E-09 3.0OE-O9 4.85E-09 5.25E-09 5.89E-09 
4.0E+00 4.59B-11* 6.13E-10 1.62E-09 3.00E-O9 4.85E-09 5.25E-09 5.90E-09 
7.0E+00 4.65B-11* 6.13E-10 1.62E-09 3.00E-09 4.85E-09 5.25E-09 5.90E-09 
l .oe+oi 4.69E-11* 6.13E-10 1.62E-09 3.00E-09 4.85E-09 5.25E-09 5.90E-09 
2.0E+01 4.82E-11* 6.13E-10 1.62E-09 3.01E-09 4.85E-09 5.26E-09 5.91E-09 
4.0E+01 5.00E-11* 6.14E-10 1.62E-09 3.01E-09 4.85E-09 5.26E-09 5.90E-09 
7.0E+01 5.22E-11* 6.15E-10 1.62E-09 3.01E-09 4.85E-09 5.26E-09 5 .81E-09 
1.0E+02 5.39E-11* 6.16E-10 1.62E-09 3.02E-09 4.86E-09 5.27E-09 5.67E-09 
2.0E+02 5.89E-11* 6.21E-10 1.63E-09 3.03E-09 4.87E-09 5.24E-09 5.20E-09* 
4.0E+02 6.68E-11* 6.31E-10 1.64E-09 3.06E-09 4.84E-09 5.05E-09 4 .60E-09* 
7.0E+02 7.70E-11* 6.46E-10 1.67E-09 3.09E-09 4.68B-09 4.70E-09* 4.10E-09* 
1.0E+03 8.64E-11* 6.62E-10 1.69E-09 3.12E-09 4.49E-09* 4.40E-09* 3 .79E-09* 
2.0E+03 i-15E-10« 7.16E-10 1.76E-09 3.18E-09 3.93E-09* 3.75E-09* 3 .24B-09* 
4.0E+03 1.71E-10» 8.2SE-10 1.91E-09 3.11E-09 3.28E-09* 3.10E-09* 2.74E-09I 
7.0B+03 2.60E-10* 9.89E-10 2.04E-09 2.86E-09* 2.75E-09* 2.62E-09I 2.36E-09I 
1.0E+04 3.57E-10 1.14E-09 2.07E-09* 2.62E-09* 2.44E-09* 2.33E-09* 2.13E-09# 
2.0E+04 6.89E-10 1.42E-09* 1.95E-09* 2.09E-09* 1.88E-09I 1.81E-09I 1.69E-09# 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

ChebvBhev Fitting Parameters for Rate Coefficients 

c»in 1.0E+00 ev, max 2.0E+04 ev 

H«* 
Bnargy 
(•V/MTO) A0 Al A2 A3 A4 A5 A6 

10000. - 4 6 . 1 1 8 5 1.19034 .579487 .18384,1 .0279475 - . 0 0 7 8 6 8 5 1 - . 0 0 8 4 3 9 0 4 
20000 . - 4 2 . 0 4 1 7 .148208 .209457 .102371 .0110005 - .00449377 - . 0 1 6 8 8 7 2 
30000. - 4 0 . 3 4 2 4 .114393 .0591680 .00327281 - .0216154 -.o^i:e29 - . 0 1 4 2 4 1 0 
40000. - J 9 . 3 1 6 9 - . 0 8 6 8 4 0 9 - . 0958221 - . 0 7 4 3 8 : 5 - .0480228 - . 0 1 6 1 2 2 8 - 1 . 5 5 7 7 4 4 E - 0 6 
SOOOO. - 3 8 . 7 1 5 8 - .388572 - . 2 5 0 3 5 7 . . 1 0 2 4 : 1 - . 0 0 7 9 9 0 4 ) .0201151 .00955121 
52000. - 1 8 . 6 7 9 4 - .462898 - . 2 7 1 2 1 1 -.081515ft .".0-84',IJ28 .0221265 - 7 . 9 D 0 2 0 E - 0 4 
55000. - 1 8 . 6 6 9 3 - .• ,08564 - . 2 6 7 0 8 1 -,011816ft .0203911 - . 0 O H 8 6 1 8 - . 0 1 7 1 8 7 1 

See appendix for Chebynhev fit details. 
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He+ + He* - > He" + He2* + e 

Beam — Maxwellian 

• N - 8 
10 r—i i i i in i |—i i i inn]—i i i imi |—i 1 i I I M I J — i 1 i H IM 

i i 11 m i l — ' » • • "••* • » ' ! " " ' i i i m i l l i L i I U U 

He* Energy 

(eV/omu) 

A —10000. 

x =20000. 

v — 30000. 

* =40000. 

• ~ 50000. 

O = 52000. 

B = 55000. 

Recommended 
Data 

Chebyshev Fit 

10° 10' 10? 103 10 4 IC? 
He* Temp. (eV) 
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»2» He Production Rate Coefficients for 

He* + He* -> (He* + He:* • e) or (He + He2*) 

Beam - Haxwellian Rate Coefficients (cm3/s) 

He' 
Te«p. He * Ene rgy (eV/ amu) 
(eV) 10000. 20000. 30000. 40000. 50000. 60000. 65000. 

1.0B+00 1.30E-09 3.e9E-09 5.71E-09 7.81E-09 9.32E-09 1.03E-08 1.06E-08 
2.0E+00 1.30E-09 3.89E-09 5.99E-09 7.33E-OS 9.32E-09 1.03E-08 1.06E-08 
4.0E+00 1.30B-09 3.89E-09 6.01E-09 7.83E-09 9.32E-09 1.03E-08 1.06E-O8 
7.0E+00 1.29E-09 3.88E-09 6.01E-09 7.83E-09 9.31E-09 1.03E-08 1.06E-08 
1.0E+01 1.29E-09 3.88E-09 6.01E-09 7.84E-09 9.31E-09 1.03E-08 1.06E-08 
2.0E+01 1.29E-09 3.88E-09 6.01E-09 7.84E-0; 9.31E-09 1.03E-08 1.05E-08 
4.0E+01 1.29E-09 3.88E-09 6.01E-09 7.84E-09 9.3IE-09 1.03E-08 1.02E-08 
7.0E+01 1.30E-09 3.88E-09 6.01E-09 7.84E-09 9.31E-09 1.03E-08 9.57E-09* 
1.0K+02 1.30E-09 3.88E-09 6.01E-09 7.84E-09 9.31E-09 1.03E-08 9.11E-09* 
2.0E+02 1.31E-09 3.88E-09 6.02E-09 7.85E-09 9.30E-09 1.03E-08 8.19E-09* 
4.0E+02 1.33E-09 3.89E-09 6.03E-09 7.85E-09 9.30E-09 9.99E-09 7.34E-09* 
7.0E+02 1.36E-09 3.9"E-09 6.04E-09 7.86E-09 9.29E-09 9.46E-09 6.76E-09* 
1.0E+03 1.39E-09 3.92E-09 6.06E-09 7.87E-09 9.28E-09 9.00E-09* 6.44E-09* 
2.OE+03 1.49E-09 3.98E-09 6.10E-09 7.89E-09 9.11E-09 7.96E-09* 5.87E-09* 
4.OE+03 1.70E-O9 4.11E-09 6.20E-09 7.87E-09 8.5OE-09 6.90E-09* 5.36E-09* 
7.OB+03 1.99E-09 4.3IE-OS 6.30E-09 7.63E-09 7.66E-09* 6.10E-09* 4.95E-09* 
1.0E+04 2.26E-09 4.50E-09 6.32E-09 7.29E-09* 7.02E-09* 5.60E-09* 4.67E-09I 
2.0B+04 3.05E-09 4.89E-09 6.01E-09* 6.26E-09* 5.71E-09* 4.67E-09* 4.08E-09I 

Accuracy: * - Possible Error Greater Than 10% 
t - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

Snin 1.0E+00 eV, "max 2.0E+04 eV 

H«* 

Cnargy 
(•V/«»U) A0 Al A2 A3 A4 A5 A6 
10000. -40 . 5559 .124600 .215507 .101128 .0305437 .00225930 - . 0 0 1 4 8 3 6 8 
20000. -36, .6393 .0810639 .0600817 .0314309 .0105748 . 0 0 1 0 1 4 / 2 - . 0 0 2 0 6 4 6 9 
30000. -37. .8497 .0259326 - . 0 0 4 3 6 6 3 6 00382678 -.G161047 - , 0 0 3 2 7 0 0 0 - . 0 0 9 2 9 1 2 0 
40000. -37. .3876 - . 0574256 - . 0 5 1 0 6 5 3 - . 0409152 - .0269282 - . 0 1 4 4 1 9 0 - . 0 0 5 2 2 9 7 9 

SOOOO. -17. .1678 - . 1 6 6 6 0 8 - .125810 - . 0 7 4 5 5 4 5 - . 0317364 - . 00593417 .00489997 

60000 . -37, .1929 - .348477 - . 1 9 8 3 7 3 - . 0 6 0 4 5 6 4 .00910326 .0165438 4 .816223E-04 
65000 . -37. .4160 - .490762 - . 135*25 .03)1097 .00708501 - . 0 2 3 5 9 1 2 - . 0 0 1 2 5 1 2 6 

See appendix for Chebyflhev fit detailc 
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He* + He* - > (He* + He2* + e) or (He + He ) 

Beam — Maxwellian 

12.0 (—i t i ini i |—i i 11111*| 1 i i iini| 1 i i mn| 1 i i c• in 

11.0 

10.0 -

10 I—i i i mill i i i mill i i umi l i i 111ml L. i i inn 

He* Energy 

(eV/amu) 

A - 1 0 0 0 0 . 

x - 2 0 0 0 0 . 

v = 3 0 0 0 0 . 

x = 4 0 0 0 0 . 

© = 5 0 0 0 0 . 

O = 6 0 0 0 0 . 

O = 6 5 0 0 0 . 

Recommended 
•Doto 

Chebyshev Fit 

icr id icf itf 
He* Temp. (eV) 

10' K? 



D-64 

Cross Sections for Producting Slow Ion6 and Electrons for 
He + H 2 -> £ slow ion6 (o*) 

(»') 

Energy Cross Section 
tcaf) (eV/amu) 

Cross Section 
tcaf) 

7.6E+02 3.28E-17 
8.0E+02 3.45B-17 
1.0E+03 4.21E-17 
2.0E+03 6.90E-17 
4.0E+03 1.02E-16 
6.0E+03 1.26E-16 
8.0E+03 1.46E-16 
1.0E+04 1.63E-16 
2.0E+04 2.17E-16 
4.0E+04 2.54E-16 
6.0E+04 2.50E-16 
8.05+04 2.35E-16 
1.0E+05 2.18E-16 
2.0E+05 1.43E-16 
2.5E+05 1.17E-16 

r electron S (c') 

("") 
Energy Cross Section 

(as2) (eV/amu) 
Cross Section 

(as2) 

I.2E+00 2.30E-20 
1.3E+00 2.0OE-19 
1.4E+00 5.36E-19 
1.5E+00 4.86E-19 
1.7E+00 4.08E-19 
2.0E+00 8.65E-19 
2.5E+00 2.36E-18 
3.0E+00 3.97E-13 
4.0E+00 6.94E-18 
5.0E+00 1.02E-17 
6.0E+00 1.35E-17 
7.0E+00 l.-'se-n 8.0E+00 2.07E-17 
9.0E+00 2.31E-17 
1.0E+01 2.47E-17 
4.0E+01 5.52E-17 
7.0K+01 7.17E-17 
1.0E+02 8.42E-17 
4.0E+02 1.46E-16 
7.0E+02 1.77E-16 
1.0E+03 2.00E-16 
4.0E+03 3.06E-16 
7.0B+03 3.53E-16 
1.0E+04 3.77E-16 
4.0E+04 4.46E-J6 
7.0E+04 4.15E-16 
1.0E+05 3.66E-16 
2.5E+05 2.06E-16 

References: o' - 143, 459, 463 
o" - 143, 460 

Accuracy; o' - 20% 
a' - 1.0 eV/astti to 12 eV/amu - 20% 

12 eV/aau to 3.7x10* eV/amu - Unknown 
3.7x10* eV/amu to 2.5x10* ev/amu - 20% 

notes; (1) Note the small resonance at 1.4 ev/anm results from metastable Ke. 
(2) The cross section o' Is defined as the sum of cross sections for all processes 
producing slow singly-charged ions plus twice the cross section for producing 
doubly-charged slow ions. Similarly the o~ cross section is defined as the cross 
section for ionization plus the cross section for electron loss or stripping. In 
those reactions where electron capture is important, the o' cross section is the 
sum of the ionization cross section and the electron capture cro»s section. 

"' Emln - 7.6E+02 eV/amu, ^ x - 2.56+05 eV/amu 
"' Emin - 1.26*00 cV/amu, Bmax " 2.5E+05 eV/amu 

A0 Al A2 A3 A4 A5 A6 
o' -73.4532 .742441 -.556022 -.126285 -.0371599 .0218408 .000723040 
a' -75.1363 3.03724 -J.67952 .577117 -.601974 .234746 -.168549 

The fit represents the o' cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.4% at 8.0B*04 ev/amu. 
The fit represents the o~ cross section with an rms deviation of 52.2%. 
The maximum deviation is 286.3% at 1.2E+00 ev/amu. 
See appendix for Chebyshev fit details. 
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He* + He* - > I Slow ions (a*) 
He* + He* - > I Slow Electrons (cr~) 

Cross Section vs. Energy 
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Ionization and H* Production Cross Sections for 

He 
He 

• H 2 -> He • H 2 + e 
• H, EH* 

Ionization (H2* Production 

Energy Cross Section 
(ev/anu) (cm2) 

7.4E+02 1.64E-17 
8.OE+02 1.75E-17 
9.OE+02 1.93E-17 
1.0E+03 2.UE-17 
1.5E+03 2.97E-17 
2.0E+03 3.81E-17 
3.0E+03 5.24E-17 
4.OE+03 6.55E-17 
5.0E+03 7.72E-17 
6.0E+03 8.71E-17 
7.0E+03 9.55E-17 
8.0E+03 1.03E-16 
9.OE+03 1.10E-16 
1.0E+04 1.15E-16 
1.2E+04 1.24E-16 

H' (Production) 

Energy Cross Section 
(ev/amu) (cm2) 

7.4E+02 2.17E-17 
8.OE+02 2.19E-17 
9.OE+02 2.23E-17 
1.0E+03 2.28E-17 
1.5E+03 2.52E-17 
2-0E+03 2.78E-17 
3.0E+03 3.32E-17 
4.0E+03 3.69E-17 
4.3E+03 3.74E-17 
5.0E+03 3.67E-17 
6.0E+03 3.55E-17 
7.0E+03 3.52E-17 
8.0E+03 3.55E-17 
9.0E+03 3.68E-17 
1.0E+04 3.87E-17 
1.1E+04 4.20E-17 

References; 409, 461, 462, 463, 464 
Accuracy; Unknown 
Botes; (1) The data of Refs. 461, 462, 463, and 464 are approximately a factor 
of 2-3 less than that of Ref. 459 for the production of H' ions. The data 
presented follows closely the results of Ref. 459. 

Chebvshev Fitting Parameters for Cross Sections 

H2* Prod. 
H' Prod. ^in 

Emin 
7.4E+02 eV/amu, 
7.4E+02 eV/amu, "max 

Emax 
1.2E+04 eV/amu 
1.1E+04 eV/amu 

A0 Al A2 A3 A4 AS A6 

HiT Prod. 
H* Prod. -76.0678 

-75.1222 !.0J«06 
.319618 

.07*8886 -.0222039 

.04*8970 -.0181961 
-.00237843 -.000779509 
.0505953 .0349869 

.00095*515 

.000131466 

The fit represents the H2* cross section with an rnis deviation of 0.2%. 
The maximum deviation is 0.4% at 1.5E+03 ev/amu. 
The fit represents the H* cross section with an rmg deviation of 1.0%. 
The maximum deviation is J.8% at 6.0E+01 ov/amu. 

See appendix for Chebyshev fit details. 
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He + K - > He + H 2

+ + e (aH •) 
He + H2 - > ZH* (aH») ' 

Cross Section vs. Energy 
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Electron and Slow positive Ion Production Cross 
He • He -> z slow electrons (<J~) 
He • He -> Z slow ions {o*\ 

Sections for 

o * 0' (Lower Energy) «~ (Higher Energy| 

Energy 0 Energy c Energy 0 
eV/amu) <c« J, (eV/amu) (cm 2) (ev/amu) (OS 2) 

5.0E+O3 4.45E-17 2.7E+01 2.566-20 3.76+04 2.47E-16 
6.06*03 J.23E-17 3.06+01 1.J4E-19 4.06*04 2.506-16 
7.06*03 5.88E-17 3.56+01 3.31E-19 5.06*04 2.50E-16 
8.0E+03 6.49E-17 4.06+01 4.86E-19 6.06*04 2.47E-16 
9.06*03 7.07E-17 5.06+01 7.66E-19 7.06*04 2.43E-16 
1.06*04 7.55E-17 6.06+01 1.06E-18 8.06*04 2.39E-16 
1.5E+04 9.74E-17 7.06+01 1.33E-18 9.06*04 2.33E-16 
2.0E*04 1.10e-16 8.06+OI I.61E-I8 1.06*05 2.256-16 
3.06+04 1.23E-16 9.06+01 1.886-18 1.56*05 1.916-16 
4.06*04 1.286-16 1.06+02 2.166-18 2.06*05 1.676-16 
5.06+04 1.29E-16 1.5e+02 3.526-12 2.56*05 1.436-16 
6.0E+04 1.2SE-16 2-06+02 4.77B-18 
7.06*04 1.266-16 2.56+02 5.89E-18 
8.06*04 1.226-16 3-06+02 6.966-18 
9.06*04 1.196-16 
1.06+05 1.166-16 
1.5E+05 9.91E-17 
2.06+05 8.496-17 
2.56*05 7.44E-17 

deferences.- 143, 403, 462, 463, 472, 473, 474, 475 
Accuracy: Unknown 
Wotes: (1) The processes to form slow positive ions and electrons are: (a) He • 
Be -> He* • Be • e, electron loss; (b) He • He -> He' • He* • 2e (electron loss 
with target ionization); (c) He • He -> He • He' + e, single ionization; fd> He 
• He -> He • He 2* • 2e, double ionization; (ej He * He -> He" • He*, electron 
capture. (2) Cross sections for slow positive ion formation (0*) are the sun of 
reactions o(b) • o(c) • o(d) • ©(«>• (3) tot electrons, (<T) is the sum of o(a) * 
2o(b) • o(c) • 2o(d). For higher energies e(e) is very small and thuB o* is 
approximately equal to the sum of the single and double Ionization cross sections. 
(4) No attempt has been made to interpolate between the high-energy o~ and the 
low-energy data (E < 300 ev/amu). 

Chefavsnev fitting Parameters for Cross Sections 
<7* E | | | l n - 5.06+03 ev/amu, 
a' ; lower fc) e , , ^ - 2.76*01 ev/amu, 

<*" (Higher E) E . ^ - 3.7E+04 eV/amu, 

tf l lomr I) 
<r (Hlqhar «! 

A0 

-74.0092 
- • 2 . 3 4 ) ) 
-72.22*1 

Al A2 

.259094 -.195265 
2.19«0» -.641443 
- .2694)9 -.0*06126 

Al 

-.002166*1 
. M i l 5 6 

-.000)90444 

emax " 

A4 

.00*69771 
-.246J00 
-.00072)569 

2.56+05 eV/amu 
3.0E*O2 eV/amu 
2.56+05 ev/amu 

A* A6 

-.0026:190$ .001)096) 
.170424 -.106114 

-.00119421 -.0059*324 

The fit represents the «* cross section with an rms deviation of 0.4%. 
The maximum deviation is 0.9% at 1.06*04 ev/amu. 
The fit represents the a' (lower 6) cross section with an rms deviation of 6.3%. 
The maximum deviation is 10.0% at 4.06+0) ev/amu. 
The fit represents the a' (Higher E) cross section with an r»s deviation of 0.1%. 
The maximum deviation is 0.2% at 8.06*04 eV/amu. 
See appendix for chebyshev fit details. 
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He + He - > ISlow Electrons (a" ) 
He + He - > ZSlow Ions (a*) 

•15 
Cross Section vs. Energy 
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Single and Double Ionization Cross Sections 
He • He -> He + He* + . e 
He + He -> He + He2* • 2e 

for 

Single Ionization Double Ionization 
Energy Cross Sect ion Energy Cross Section 
(eV/amu) (CB 2) (eV/eWU) (cm2) 

1.2E+04 8.26E-17 1.3E+04 9.93E-19 
1.5E+04 1.03E-16 1.5E+C4 1.40E-18 
2.0E+04 1.32E-16 2.0E+04 2.14E-18 
2.5E+04 1.58E-J6 2.5E+04 2.69E-18 
3.0E+04 1.80E-16 3.0E+04 3.15E-18 
3.SE+04 1.99E-16 3.5E+04 3.59E-18 
4.0E+04 2.13E-16 4.0E+04 4.03E-18 
4.5E+04 2.25E-16 4.5E+04 4.44E-18 

References; 462, 463 
Accuracy: Unknown 
Motes: None 

Chebvshev Fitting Parameters for Cross Sections 

Single Ion. 
Double Ion. k in in 

= 1.2E+04 ev/amu, E_-„ = 4.5B+04 eV/amu 
= 1.3E+04 ev/amu, E ^ = 4.5E+04 eV/amu 

AO Al 
Single Ion. -72.9678 .503766 
Double Ion. -81.169!) .703077 

A2 A3 A4 AS A6 
.0453017 -.00416573 -.00286603 .00135469 .000526378 
.106105 .0433845 -.0115100 .00236396 -.00233450 

The fit represents the Single Ion. cross section with an rms deviation of 
The maximum deviation is 0.2% at 3.0E+04 ev/amu. 

0.1%. 

The fit represents the Double Ion. cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.1% at 3.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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He + He - > He + He + + e 
He + He - > He + He2* + 2e 

Cross Section vs. Energy 

A = a(He*> 

x = o(HeJ*) 

Recommended 
Data 

Chebyshev Fit 

Energy (eV/omu) 
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Ionization Cross Sections for 
He* • H -> He* • H* • e 

Energy Velocity Cross Section 
(cm2) ev/amu) (ar/s) 

Cross Section 
(cm2) 

6.3E+03 1.10E408 1.2BE-17 
7.0E+03 1.16E+08 1.47E-17 
8.0E+03 1.24E+08 1.75E-17 
9.0E+03 1.32E+08 2.07E-17 
1.0E+04 1.39E+08 2.45E-17 
1.5E+04 1.70E+08 4.80E-17 
2-0E+O4 1.96E+08 8.07E-17 
3.0E+04 2.41E+03 1.46E-16 
4.0E+04 2.78E+08 1.98E-16 
5.0E+O4 3.11E+08 2.16E-16 
6.0E+O4 3.4OE+08 2.18E-16 
7.0E+O4 3.68E+08 2.10E-16 
8.0E+04 3.93E+0C 2.00E-16 
9.0E+04 4.17E+08 1.91E-16 
1.0E+05 4.39E+08 1.78E-16 
1.5B+05 5.38E+08 1.36E-16 
2.0E+O5 6.21E+08 l.ltr-16 
3.0E+O5 7.61E+08 8.04E-17 
4.0E+05 8.78E+08 6.41E-17 
5.0E+05 9.82Et08 5.36E-17 
6.0E+05 1.08E+09 4.56E-17 
7.0E+05 1.16E+09 4.04E-17 
8.0E+05 1.24E+09 3.61E-17 
9.0B+05 1.32E+09 3.26E-17 
1.0E+06 1.39E+09 2.94E-17 
2.0E+O6 1.96E+09 1.59E-17 
3.0E+06 2.4OE+09 1.09E-17 
4.0E+06 2.77E*09 8.33E-18 
5.0E+06 3.09E+09 6.74E-18 
6.0E+06 3.39E+09 5.76E-18 
7.0E+06 3.65E+09 4.97E-18 
8.0B+06 3.90E+09 4.39E-18 

References; 564, 565, 566 
Accuracy; unknown 
Botes; (1) As far as we know no published experimental data exist. The data 
plotted are theoretical results, (2) For energies less than 10s ev/amu the data 
of Ref. 566 has been plotted. The classical Monte Carlo calculations have been 
quite accurate in predicting similar collisional processes where experimental 
data is available for comparison. (3) For energies greater than 10 ev/amu iata 
of Ref. 565 is plotted. These calculations are Born approximations which should 
be good at th*«e high energies. At lower energies the cross sections are much 
higher than those given in Ref. 566. 

Chebvshev Fittina Parameters for Cross Sections 
Emin * 6.3E+03 ev/amu, E m a x - 8.0E+06 ev/amu 

A0 Al A2 A3 A4 A5 A6 
-76.1808 -.896422 -1.40016 .494799 -.013780.1 -.135113 .110603 

The fit represents the above cross section with an rms deviation of 3.2%. 
The maximum deviation is 6./% at 1.5E+04 oV/ainu. 
See appendix for Ohebyshev fit details. 
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He* + H - > He* + H + + e 

Cross Section vs. Energy 
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Ionization Rate Coefficients for 
H + He* -> H* • He* • e 

Beam - Maxwellian Rate Coefficients (cn3/s) 

He* 
Te«p. H Energy (eV/amu) 
(eV) 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 3.41E-09 1.58E-08 S.49E-08 7.72E-08 7.82E-08 6.B3E-08 5.26E-08 
2.0E+00 3.41E-09 1.58E-08 5.49E-08 7.71E-08 7.82E-08 6.83E-08 5.26E-08 
4.0B+0O 3.41E-09 1.58E-08 5.48F.-08 7.71E-08 7.82E-08 6.83E-08 5.26E-08 
7.0E+00 3.42E-09 1.58E-08 5.48E-08 7.71E-08 7.82E-08 6.83E-08 5.26E-08 
1.0E+01 3.43E-09 1.S8E-08 5.47E-08 7.71E-08 7.82E-08 6.83E-08 5.26E-08 
2.0E+01 3.45E-09 1.58E-08 5.46E-08 7.71E-08 7.82E-03 6.83E-08 5.26E-08 
4.0E+01 3.49E-09 1.59E-08 S.45E-08 7.71E-08 7.82E-08 6.83E-08 5.26E-08 
7.0E+01 3.55E-09 1.60E-08 S.43E-08 7.70E-08 7.82E-08 6.83E-08 5.26E-08 
1.0E+02 3.61E-09 1.61E-08 5.43E-08 7.70E-08 7.82E-08 6.83E-08 5.26E-08 
2.0E+02 3.31E-09 1.64E-08 5.41C-08 7.69E-08 7.81E-08 6.83E-08 S.26E-08 
4.06*02 4.20E-09 1.72E-08 5.40E-08 7.67E-08 7.81E-08 6.82E-08 5.26E-08 
7.0E+02 4.84E-09 1.83E-08 5.39E-08 7.65E-08 7.79E-08 6.82E-08 5.2SE-08 
1.0B+03 5.52B-09 1.93E-08 5.39E-08 7.62E-08 7.77E-08 6.82E-08 5.25E-08 
2.0E+03 7.93E-09 2.25E-08 5.41E-08 7.52E-08 7.72E-08 6.81E-08 5.25E-08 
4.OE+03 1.29E-08 2.76E-08 5.46E-08 7.34E-08 7.62E-08 6.80E-08 5.24E-08 
7.OE+03 1.97E-08 3.34E-08 5.55E-08 7.14E-08 7.48E-08 6.78E-08 5.23E-08 
1.0E+04 2.56E-08 3.78E-08 5.63E-08 6.99E-08 7.35E-08 6.75E-08 5.23E-08 
2.0E+04 3.99E-08 4.76E-08 5.86E-08 6.73E-08 7.03E-08 6.66E-08 5.21E-08 

Chebvshev Pitting Parameters for Rate Coefficients 

E m i n - 1.0E+00 eV, E | n a x = 2.0E*04 eV 

H 

(•v/awi) A0 Al A2 A3 A4 A5 A6 

10000. - 3 7 . 6 2 5 9 1.12100 .60181J .16*371 - . 0 1 i 4 0 2 7 - . 0 * 8 0 9 1 6 - . 0 2 4 3 6 7 2 
20000. - 3 5 . 3 J 4 1 . • 8 9 4 0 9 .271922 .0807229 - . 00815166 - . 0 2 0 4 8 3 5 - . 0 0 8 1 5 0 1 2 
40000. - 3 3 . 4 2 7 0 .0164455 .02281157 .0149114 .00585597 .00147262 - 3 , .367767E-06 
70000. - 3 2 . 8 1 9 4 - . 0 5 4 8 0 5 9 - . 0346997 - .0154134 - .00335201 .00137249 .00185552 
100000. - 3 2 . 7 7 0 9 - . 0 3 7 7 5 7 0 - . 0264510 - .0142784 - .00575226 - . 0 0 1 5 5 1 1 2 - 3 , .572900E-05 
200000. - 3 3 . 0 0 7 5 - . 0 0 8 2 8 0 9 9 - . 00567988 - .00349931 - .00201522 - . 0 0 1 0 4 7 7 8 - 4 , .638534E-04 
500000. - 3 3 . 5 2 5 6 - . 0 0 4 1 2 9 0 2 - .00205167 -6 . I87466E-04 -2 . I50041E-04 - 7 . 9 3 7 7 9 5 E - 0 5 - I . .271717E-04 

See appendix for Chebyshev f i t de ta i l s . 
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H + He* - > He* + H + + e 
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Cross Sections for the Production of Slow Positive Ions and 
Electrons for He* Passing Through H 2 

He* + H2 -> E Slow Ions o* 
-> E Electrons o~ 

Slow Ions <J* Electrons o 

Energy Cross Section 
(cm2) 

Energy Cross Section 
(cm2) (ev/awi) 

Cross Section 
(cm2) (ev/amu) 

Cross Section 
(cm2) 

7.5E+02 1.28E-16 2.5E+03 4.19E-17 
8.0E+02 1.24E-16 3.0E+03 4.59E-17 
1.0E+03 1.15E-16 4.0E+03 5.36E-17 
1.3E+03 1.11E-16 7.0E+03 7.38E-17 
1.5E+03 1.14E-16 1.0E+04 9.89E-17 
2.0E+O3 1.34E-16 1.5E+04 1.52E-16 
4.0E+03 2.66E-16 2.0E+04 2.01E-16 
7.0E+03 3.72E-16 4.0E+04 3.30E-16 
1.0E+C4 4.20E-16 6.0E+04 3.61E-16 
1.5E+04 4.65E-16 7.0E+04 3.63E-16 
2.0E+04 4.92E-16 1.0E+05 3.36E-16 
3.0E+04 5.08E-16 1.5E+05 2.84E-16 
4.0E+04 5.03E-16 2.0E+05 2.46E-16 
7.0E+04 4.11E-16 4.0E+05 1.67L-16 
1.0E+05 3.41E-16 5.0E+05 1.46E-16 
1.5E+05 2.70E-16 
2.0E+05 2.29E-16 
4.0E+05 1.46E-16 
6.0E+05 1.24E-16 

References; 96, 104, 105, 353, 355, 364, 462, 463, 478, 479, 480, 481 
Accuracy; 50% 
Motes; (1) The reactions that produce slow ions and electrons as reaction 
products are: (a) He* + H 2 -> He* + H 2* + e, single ionization; (b) He* + 
H 2 -> He • H2*, single capture; (c) He* + H 2 -> He* • H* + H + e, 
dissociative ionization; (d) He* + H2 -> He' • H* + H* • 2e, double 
ionization; (e) He* + H 2 -> He *• H* + H, dissociative electron capture; (f) 
He* • H 2 -> He + H* + H* + e, electron capture with ionization. a' is equal 
to the sum o(a) • j(b) + o(c) + 2<?(d) + o(e) • 2o(f). o" is equal to o(a) • 
o(c) + 2<?(d) * o{t). (2) For energies less than 10* ev/arau the electron 
capture cross sections to form H2* dominate the a' cross sections. (3) the 
"" cross sections of Ref. 355 are not plotted below 2.5 x 10J eV/amu due 
to the small energy dependence of the cross sections. 

Chebvshev Fitting Parameters for Cross Sections 

Slow Ions o* E m l n » 7.5B+02 eV/amu, E m a x » 5.0E+05 ev/amu 
Electrons a' E m i n » 2.5E+03 eV/amu, Emax * 5.0E+05 eV/amu 

A0 Al A2 A3 A4 A5 A6 
Slow Ions o' -72.1635 .175055 -.713665 -.133412 .172753 -.0619895 .0345550 
Electrons o~ -73.0711 .770468 -.649678 -.176586 .134550 .0300410 -.0402770 

The fit represents the o' cross section with an rm« deviation of 3.2%. 
The maximum deviation is 5.5% at 2.0E+03 ev/amu. 
The fit represents the a' cross section with an rm« deviation of 0.7%, 
The maximum deviation is 1,6% at 1.0E+04 ev/amu. 
See appendix for Chebyshev fit details. 
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He* + H - > ISlow Ions (a*) 
He+ + Ha - > lEiectrons (a") 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 

1(f 10* icf 
Energy (ev/amu) 
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Cross Sections for the Formation of H2*, H*, and 
for Double ionization for He* in H 2 

Be* • H 2 -> Be + H,* 
-> Be* + B 2 + e (o(H2 )] 

He* + H 2 -> z H* lo(H*)j 

He* • H 2 -> Be* + H* + H* + 2e (Double Ionization) 
H2* Production H* Production Double Ionization 

Energy 
(ev/amu) 

does Section 
(cm2) 

Energy 
(ev/amu) 

CroBB Section 
(cm2) 

Energy 
(ev/amu) 

Cross Section 
(cm2) 

7.3E+02 3.08E-17 7.4E+02 9.39E-17 2.5E+04 4.77E-18 
8.0E+02 3.23B-17 8.0E+02 8.99E-17 3.0E+04 4.53E-18 
1.0E+03 3.55' 17 9.0E+02 8.45E-17 4.0E+04 3.68E-18 
1.5E+03 4.45*.-17 1.0E+03 8.00E-17 5.0E+04 2.86E-18 
2.0E+03 5.45E-17 1.5E+03 6.92E-17 6.0E+04 2.31E-18 
4.0E+03 1.04E-16 2.0E+03 6.71E-17 7.0E+04 1.92E-18 
7.0E+03 1.84E-16 2.5E+03 6.65E-17 8.0E+04 1.S2E-18 
1.0E+04 2.83E-16 3.0E+03 6.70E-17 9.0E+04 1.40E-18 
1.5E+04 3.96E-16 4.0E+03 6.93B-17 1.0E+05 1.27B-18 
2.0E+04 4.21E-16 5.0E^03 7.50E-17 1.5E+05 6.79E-19 
4.0E+04 3.93E-16 6.0E+03 8.29E-17 2.0E+05 4.23E-19 
7.0E+04 3.37E-16 7.0E+03 9.05E-17 3.0E+05 2.26E-19 
1.0E+05 2.83E-16 8.0E+03 1.02E-16 4.0E+05 1.42E-19 
1.5E+05 2.22E-16 8.6E+03 1.05E-16 5.0E+05 1.00E-19 
2.0E+05 1.86E-16 9.0E+03 1.04E-16 6.0E+05 7.31E-20 
4.0E+05 1.25E-16 1.0E+04 9.64E-17 7.0E+05 5.83E-20 
7.0B+05 9.17E-17 1.2E+04 8.49E-17 8.0B+05 4.73E-20 
8.0E+05 8.51E-17 9.0E+05 4.09E-20 

References; 360, 365, 462, 463, 481, 482 
*ccuracvt •CH,*> - 20% 

c(H*) - Unknown 
o(Double Ion.) - 20% 

Motes: (1) H2* is formed from ionization of H 2 by He* and from electron capture 
collisions. (2) K* is formed from dissociative ionization, He* + H 2 -> He* + H* 
• H • e; from double ionization, He* + H 2 -> He* • H* • H* + 2e; and from 
transfer ionization, He' • H 2 -> He • H* • H* • e. 

Chebvsnev Fitting Parameters for Cross Sections 
H2* Prod. 
H Prod. ^ n E, 
Double ion. E, win 

A0 

H»* »rOtf. -73.3606 
H* Prod. -74.0*76 
Double Ion. -64.9916 

win 
Al 

.601066 

.0639707 
-2.4*6)6 

7.3E+02 eV/amu, 
7.4E+02 ev/amu, 
2.5E+04 ev/amu, 

Emax " 8.0E+05 eV/amu 
1. 2E+04 eV/amu 
9.0B+05 eV/amu 

A3 

-1.00967 
.162049 
-.206129 

A3 A4 

-.0679J72 .247157 
-.077*454 -.0615354 
.0654195 -.00909062 

A5 

-.0416476 
-.0437939 
.014665* 

A6 

-.0640636 
-.0J72413 
-.0060*471 

The fit represents the H2* Prod, cross section with an rms deviation of 3.7%. 
The maximum deviation is 9.0% at 4.0E+04 ev/amu. 
The fit represents the H Prod, cross section with an rms deviation 
The maximum deviation Is 5.7% at 1.0E+04 eV/acu. 

of 1.3%. 

The fit represents the Double Ion. cr""" section with an rms deviation of 1.1%. 
The iraximum deviation ,'J 2.5% at 2.0E+05 eV/amu. 
See appendix for Chebyshev fit details. 
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K)"V 

He* + H2 - > a(H2

+) 
He* + H2 - > a(H+) 

He" + H2 - > He* + 2H* + 2e 
Cross Section vs. Energy 

i—i i 11 m i 1—i i i i i i i i 1—i i r i n i i 

10",6r 
X = a(H*) 

? = He* + 2H* + 2e 

Recommended 
Data 

Chebyshev Fit 

" 2 T i_ i i i j n i l , i,., i i i m i l i i i m i l l i—i i J m i l 

itf 103 10* ICf 
Energy (eV/omu) 

10° 
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Croaa aactiona for Product ion of Slow positive Charges («*) 
and Slow electrons («') for He* Passing Through He. 

Be* • Be -> o', <T 

Be* • Be (<•*» He* • Be («*) 

Energy 
(eV/aeu) 

Croea taction 
(cef) 

energy 
(ev/aau) 

croaa Sect 
(oa 2 ) 

2.5B+03 6.13B-16 2.5C«03 1.40B-17 
4.OB+03 5.83E-16 4.0C*O3 2.15E-17 
7.0E+O3 5.05C-16 7.0B+O3 3.378-17 
i-oe*«4 4.491-16 1.0E*04 4.4M-17 
2.OE+04 3.49C-16 2.0C+04 7.56C-17 
4.0E-HM 2.68E-16 4.0O04 1.19P.-16 
7.0E-HM 2.12Z-16 7.0E+O4 1.59E-16 
LOTH* 1.64E-16 1.0B+O5 1.81B-16 
2.0E+05 1.30E-16 1.1E+05 1.83E-16 
4.OE+05 7.58C-17 2.0P.+05 1.51E-16 
7.OB+05 4.72E-17 4.0C+O5 9.77E-17 
1.0C«06 3.53E-17 5.oe>05 8.39E-17 
2.OE+06 1.94E-17 
2.8E*06 1.4SC-17 

•afereneeat 96, 104, 105, 355, 364, 388, 463, 472, 478, 479, 480, 487, 493, 
497, 498, 499, 500, 579 

Accuracy i I > 3-4xl04eV/aau - 20% 
Z < 3-4xl0*eV/aa» Unknown 

Botesi (1) c* and o~ are the sue) of the croaa sections for processes producing alow 
Ions and electrons, respectively. (2) The reaction channels contributing to these 
processes are (a) single electron capture; (b) single and double ionization of the 
target stoa; (c) single capture plus ionization of tha target; (d> capture into 
the contlmnaa; (e) electron lose; (f) alactron loss plus ionization of the target. 
Por Ha' • Be collisions, proceses (c, d and ft are believed to contribute a factor 
of tan lass than the othsr procesaee especially at low energies. (3) Por He* 
energies less than 10 s ev/aaxi, the low-energy o~ data of Refa. 104, 105, 355, 364, 
463, 480, 487, 498, and 500 ara not Included in the present coapllatlon. These 
data are questionable since the cross sections are only slightly dependant on 
energy. (4) Por low energies the o* cross sections are doalnated by single 
alactron captura collisions. 

Chabvshev flttlno Paraaetare for Croas Section* 

He' • He <**} t m i n - 2.5E+03 ev/ww, t u a x - 2.8E+06 ev/amu 
He* • He {<»*) e,,̂ ,, - 2.5t*03 ev/aau, l^^ - 5.0C+05 aV/a«u 

A0 AJ A2 A3 A4 A5 A6 
He' • Ha («*) -73.0794 -1.67553 -.368452 -.0292343 ,0164797 ,0394079 -.00613696 
He' • He to') -74,(255 1.02842 -.609151 -.175413 -.00862801 .0447902 .0224536 

The fit represents the 3e* • He (o') croas section with an raw deviation of 1.5%. 
The tixlaia deviation la 2.1% at 7.oe*05 ev/asju. 
Tha fit represanta the He' • He io') croas section with an rms deviation of 1.5%. 
Tha wax l ew deviation la 2.5% at 2.0E+05 sv/asw. 

Sea appendix for Chebyehev f it details. 
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He+ + He - > o* 
He* + He - > o~ 

10" 
Cross Section vs. Energy 

~t—i l I I M i | 1—i—I I I i r i | 1—i i i i n i l 1—i i i i i i n 

10 
-16 

x = a * 

Recommended 
Dato 

Chebyshev Fit 

10 .-17 J ' i i i i^il i i i I t m l I 1 i i i m l | i i I i m l 

10* 10* itf 106 

Energy (eV/amu) 
10' 
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Ionization Rate Coefficients for 
He* • He -> o* 

Hax**ellian - Haxwellian Rate Ooefficients (csrVs) 
• » • 

S«Bal • a ta|i. ( « * ) 

«*n * • • * • MOO. •ooo. • 0 0 0 . 10000. 12000 . 15000. 2O000. 

1.0E»03 • , 4 * 1 - 1 0 * 1 .73E-0M 2 .12E-0S* 2 .7SB-0S* 3 .30E-00* 3.71C-O0* 4 . 2 0 E - M * 4.7CX-O0* 
1 . 5 O 0 3 1 .93B-09* 1.93C-0** 2.30K-O0* 2 . * 2 S - 0 * ' 3 .41E-00* 3.01K-00* 4 .26C-00* 4 . S I E - M * 
2 . 0 * * 0 3 • ,30E-O9f 2 .12K-00* 2 .47E-OS' 3.06E-4M' J . 5 2 T - M * 3 .09T-00* 4.J3E-O0* 4 . 0 5 E - W 
2.5E»03 1 .29C-0M 2.30K-00* 2.63E-O0* 3 . 1 S E - 0 * ' 3.62E-O0* 3 .97E-00* 4.39E-0O* 4-9OE-O0* 
3.0E«03 1.73E-OM 2 . 4 7 E - 0 * ' 2-70E-O** 3.3OE-O0' 3.71C-O0* 4.05C-O0* 4.45E-O0* 4.94E-O0* 
3,SK*03 2.12X-O0* 2 .63E-00* 2.92E-O0* 3 .41E-0S* 3.01E-O0* 4.I3E-O0* 4 . 5 1 E - 0 0 - 4 . 9 6 E - 0 * ' 
4 . 0 O 0 3 2 .471-O0* 2.7«c-oe* 3.06E-O0' 1.52Z-0** 3.O9S-O0* 4 . 2 0 E - M * 4 .56E-00* S .02E-00 
4.tm*OJ 2 .7SE-0S* 2 . 9 2 Z - M * 3 -1SE-0* ' 3 . 6 2 1 - 0 0 ' 3 . 9 7 1 - 0 0 * 4 .26E-0** 4.62Z-O0* 5 . 0 6 E - 0 0 
S.0E»03 3.O6E-O0* 3.0SC-0** 3.30E-OO* J.11Z-W 4.05E-O0* 4.33S-O0* 4 .67E-00* 5 . 0 9 E - 0 * 
5 .5E*03 3.30K-O** 3 .1SE-00* 3 . 4 1 E - M ' 3 .01C-M* 4.13E-O0* 4.39E-O0* 4 . 7 2 E - 0 0 ' 5.13E-O0 
6 . 0 t » 0 3 3.52E-O0* 3.30C-O*' 3.52E-O0* 3.09S-O0* 4.20C-O0* 4 .4SC-00* 4 . 7 6 E - 0 6 ' 5 . 1 6 E - 0 0 
*.0K»03 4.20B-OS* 3.711-©** 3.O9C-O0* 4.20E-O0* 4 . 4 5 S - 0 0 * 4 .67E-0** 4 .94E-00* 5 . 2 9 E - 0 * 
1.0**04 4 . * 7 B - 0 * ' 4.O5C-O0* 4.2OE-O0* 4 . 4 S C - 0 * ' 4 . 6 7 T - 0 * ' 4 .*5E-M> 5 .09E-00 5.4OX-08 
1 .21*04 5 . 0 2 1 - 0 * 4 .33E-0** 4.45X-O0* 4.67E-0S* 4.45E-O0* 5.O2E-O0 5 .23E-00 5 . 5 1 E - 0 * 
1 .4 t>04 S . 2 9 E - M 4.56E-OS* 4 .67E-0** <.*se-o** 5.02E-O0 S.16E-OS 5 .35E-0S S .60E-00 
1.6E«04 5.S1E-O0 4.76E-0** 4.05E-O0* S .02Z-0* * . i « - o * 5 .29E-06 5 . 4 6 E - M S . 6 9 E - 0 * 
l . *E*04 5.69E-O0 . 4 .94E-00* 5.02E-O* 5.16E-O0 5 . 2 9 E - 0 * 5.40E-OB 5 .56E-00 5 .77E-06 
2 .0B*04 5 ,S4C-0* 5 .09K-0* 5 . 1 U - 0 * 5 . 2 9 E - 0 * 5 . 4 0 E - 0 * S . S l t - 0 8 5 . 6 5 E - 0 * S .04E-00 

Accuracy: * - Possible Error Greater Than 10% 
I • Possible Error Greater Than 100% 

Chebvshev fitting Parameters for Rate Coefficients 

z u i n - i.oe*03 ev, E,,,^ - 2.oe+04 ev 

s* 
7mmp. 
<«V> M M A2 A3 M A5 A6 

5000. - 3 4 . 6 0 4 0 .50142$ ,00046562 - . 0 2 1 9 3 6 5 - 2 . 0 3 9 9 6 7 E - 0 4 .00120156 - 1 . 1 2 5 * 0 2 1 - 0 5 
•oor. - 3 4 . 4 0 7 1 .400905 .0203000 - . 0 1 7 0 4 7 9 - . 0 0 1 2 3 9 0 3 0 . 9 5 M 1 9 E - 0 4 7 .412*02E-0S 
#000 . - 3 4 - 2 0 0 5 .131032 .0296262 - . 0 1 0 1 0 5 6 - . 0 0 1 * 7 4 3 1 4 .167700E-04 1 .213301E-04 
10000. - 3 4 . 0 1 0 0 .212140 .031C200 - . 0 0 5 * 2 4 9 0 - . 0 0 1 * 0 5 * 4 1 .3943121-04 1 .072709E-04 
13000 . - 3 3 . 0 7 9 7 .2000*9 .029*230 - . 0 0 3 1 6 3 * 5 - . 0 0 1 5 5 1 7 9 • • . 2 1 6 0 1 7 E - 0 6 • . 1 1 5 7 9 6 E - 0 5 
15000 . - 3 3 . 7 2 7 4 .149303 .0266925 - • , 7 6 9 * 5 1 1 - 0 4 - , 0 0 1 1 4 * 5 7 - l , 0 2 6 0 2 5 B - 0 4 4 .6O7*l*E-05 
2 0 0 0 0 . - 3 3 . 5 5 7 0 .101222 .0215477 7 .009161S-04 -6 .S25756E-04 -1 .270772E-04 1 .216J161-05 
Kqaal T«ep. - 1 0 , 1 0 7 1 1 .93272 - . 6 0 3 2 5 7 .177*55 - . 0 3 3 M 9 * .00493571 -5 -499191E-04 

see appendix for Chebystiev fit details. 
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He* + He - > a + 

Maxwellian - Maxwellian 

50.0 -

l 1 1 r T r 

^ i 

J I L 

He Temp. 

(eV) 

A = 5000. 

x —6000. 

v = 8000. 

* = 10000. 

® = 12000. 

O = 15000. 

O = 20000. 

Recommended 
•Data 

Chebyshev Fit 

Equol Temp. 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 

He* Temp. (eV) *1C? 
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Ionization Rate Coefficients for 
He • Be* -> o* 

Beam - Mantel li an Rate Coefficients (ca3/s) 

Be* 
Temp. Be Energy (ev/awi) 
t«V) 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0B+O0 6.24B-08 6.B6E-G8 7.45E-08 7.79E-08 8.08E-08 8.07E-08 6 .16E-08 
2.0E+O0 6.24E-08 6.86E-08 7.44E-08 7.79E-08 8.08E-08 8.07E-08 6.16E-08 
4.0E+00 6.24E-08 6.86E-08 7.44E-08 7.79E-08 8.08E-08 8.07E-08 6 .16E-08 
7 .08*00 6.24E 08 6.86E-08 7.44B-08 7.79E-08 8.08E-08 8.07E-08 6 .16E-08 
1.0E+01 6.24E-08 6.86E-08 7.44E-0B 7.79E-08 8.08E-08 8.07E-08 6.16E-08 
2.0B+01 6.23B-08 6 .860-08 7.44E-08 7.79B-08 8.08E-08 8.07E-08 6.16E-0S 
4.0E+01 6.23E-08 6.85E-08 7.44E-08 7.79E-08 8.08E-08 8.07E-08 6.16E-08 
7.0E+01 6.23B-08 6.85E-0B 7.44E-08 7.79E-06 8.08E-08 8.06E-0B 6.16E-08 
1.0E+02 6.23E-08 6.8SB-08 7.44E-08 7.79E-08 8.07E-08 8.06E-08 6.16E-0B 
2.0E+O2 6.23E-08 6.85E-08 7.44E-08 7.79E-08 B.07E-08 8.05E-08 6 .16E-08 
4.0E+02 6.23E-08 6.85E-08 7.44E-08 7.79E-08 8.07E-08 8.05E-08 6 .16E-08 
7.0E+02 6.23E-08 6.85E-08 7.44E-08 7.S0E-08 8.06E-08 8.04E-08 6 .16E-08 
1.0E+O3 6.23E-08 6.86E-08 7.43E-08 7.30E-08 8.06E-08 8.03E-08 6.16E-08 
2.0E+O3 6.23B-08 6.86E-08 7.43E-08 7.80E-08 8.05E-08 8.01E-08 6.16E-08 
4.0E+03 6.21E-08 6.87E-08 7.43E-08 7.81E-08 8.04E-08 7.98E-08 6.16E-08 
7.0E+03 6.19E-08 6.88E-08 7.43B-08 7.81E-08 8.02E-08 7.95E-08 6 .16E-08 
1.0E+O4 6.19E-08 6.B8E-08 7.43E-08 7.81E-08 8.01E-08 / .93B-08 6 . ' 6 E - 0 8 
2.0E+04 6.28E-08 6.90E-08 7.44E-08 7.82E-08 7.99E-08 7.87E-08 6.16E-08 

Chebvshev Fitting Parameters for Rate Coeffielento 

^ n 1.0E+00 ev, E«ax 2.0E+04 eV 

am 
Energy 

( • » / • » ) M Al A2 A3 A4 A5 A6 

10000. -33.1*26 -•.447066E-04 4.3799661-04 .00153621 .00196721 .00191297 .00165579 
20000. - 3 2 . MM . 00246657 .00200517 .0011(3670 3.142096B-04 -7.06903M-05 - 9 . • 257167E-05 
40000. -32.9776 -7.0679431-04 1.614674E-04 4 .5*80903-04 ].4294*SE-04 I.I36710B-04 9 .755Z63K-05 
70000. -32.7333 .00154471 7.1276621-04 1. .336512C-04 -9.932012B-05 -1.2532441-04 - 7 . ,59579fcE-05 
100000. -32.66M -.00490652 -.00226764 - 7 . .224299B-04 -1.3130231-04 -2.*7*20*E-OS 1 .35O276S-05 
200000. -32.6776 -.0107031 -.00545996 - •00203612 -5.571363B-04 -•.996061E-05 1 .739583E-05 
500000. -33.2050 -2.6498541-04 -1.90*2261-04 -1 .196490B-04 -6.7191151-05 -3.7702611-05 - 2 .551&90B-05 

See appendix for Chebyshev fit details. 
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He + He+ - > a* 

Beam — Maxwellian 

90.0 

87.5 

85.0 

82.5 

80.0 

77.5 

75.0 

72.5 

70.0 

67.5 

65.0 

62.5 k-

i i i I I I I I I — i i 11ni i |—i i 111• i• | — i i i i inij I Mill 

60.0 • • • • " " ' ' ' ' • ' • " ' • ' • m u t ' • ' ' " i l l I I I I l l l l 

He Energy 

(eV/amu) 

A —10000. 

x = 20000. 

V = 4 0 0 0 0 . 

* = 7 0 0 0 0 . 

9 = 100000. 

ffl = 2 0 0 0 0 0 . 

D = 500000. 

Recommended 
•Doto 

Chebyst\ev Fit 

10" 10 10* 103 104 

He* Temp. (eV) 
105 
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ionization Rate Coefficients for 
He' + He -> o" 

Maxwellian - Maxwellian Rate Coefficients (cm'/s) 

Equal He Teap. <«V) 
t»V) Trap. 5000 . 6000 . 8000. 10000. 12000. 15000. 2 0 0 0 0 . 

1.0E»03 2 . 4 0 E - 1 1 * 7 . 1 5 E - 1 C 9.55E-10* 1 .46E-09' 1.99E-09* 2.54E-C9 3 .39E-09 4 . 8 7 E - 0 9 
1.5E-03 1.23E-1CI 8 .33E-10* 1 .03E-09- l . : S E - 0 9 * 2 .13E-09- 2 .68E-09 3 .54E-09 5 . 0 I E - 0 9 
2.0E»03 2 .86E-104 9.55E-1C* 1 .20E-09 ' 1.73E-09* 2 .27E-09* 2 .82E-09 3.68E-C9 5 . 1 7 E - 0 9 
2.5E*03 4 .89E-10* 1 .08E-09 ' 1.23E-09* I . 8 6 E - 0 9 ' 2 .40E-09 2 .97E-09 3 .83E-09 5 . 3 2 E - 0 9 
3.0E»03 7 .15E-10* 1.20E-C9* I . 46E-09 - I . 9 9 E - 0 9 ' 2 .54E-09 3 . 1 I E - 0 9 3 .98E-09 5 . 4 8 E - 0 9 
3.5E»03 9 .55E-10* 1 .33E-09 ' 1 .S9E-09' 2.. 13E-09' 2 .66E-09 3 .25E-09 4 .12E-09 5 . 6 3 E - 0 9 
4.0E*03 1.20E-09* I . 4 6 E - 0 9 ' 1.7 3E-09* 2.27E-09* 2 .82E-09 3-39E-09 4 .27E-09 5 . 7 8 E - 0 9 
4.5E*03 1.46E-09* 1 .59E-09 ' 1.86E-09* 2 .40E-09 2 .97E-09 3.54E-C9 4 .42E-09 5 . 9 3 E - 0 9 
5.0E»03 1 . 7 3 E - 0 9 ' 1 .73E-0? ' 1.99E-09* 2 .54E-09 3 .11E-09 3 .68E-09 4 .57E-09 6 . 0 9 E - 0 9 
5.5E»03 1.99E-09* 1.B6E-09* 2 .13E-09* 2 .66E-09 3 .25E-09 3 .83E-09 4 .72E-09 6 . 2 4 E - 0 9 
6.0E*03 2 .27E-09* 1.99E-09" 2.27E-09* 2 .82E-09 3 .39E-09 3.9BE-09 4 .87E-09 6 . 4 0 E - 0 9 
8.0E*03 3 .39E-09 2.54&-09 2 .82E-09 3 .39E-09 3 .98E-09 4 .57E-09 5 .48E-09 7 . 0 2 E - 0 9 
1.0E»04 4 .57E-09 3 . U E - 0 9 3 .39E-09 3 .98E-09 4 .57E-09 5 .17E-09 6 .09E-09 7 . 6 4 E - 0 9 
1.2E*04 5 .78E-09 3 .68E-09 3 .98E-09 4 .57E-09 5 .17E-09 5 .78E-09 6 .71E-09 e . 2 7 E - ^ 9 
1.4E-04 7 .02E-09 4 .27E-09 4 .57E-09 5 . H E - 0 9 5 .78E-09 6 .40E-09 7 .33E-09 8 .91E-09 
1.6E»04 8 .27E-09 4 .87E-09 5 .17E-09 5 .78E-09 6 .40E-09 7 .J2E-09 7 .96E-09 9 . 5 4 E - 0 9 
1.8E-04 9 .54E-09 5 .48E-09 5 .78E-09 6 .40E-09 7 .02E-09 7 .64E-09 8 .59E-09 1 .02E-08 
2.0E»04 1.08E-08 6 .09E-09 6 .40E-09 7.C2E-03 7 .64E-09 8 .27E-19 9 .22E-09 1 .08E-08 

Accuracy: * - Possible Error Greater Than 10* 
* - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

^min 1.0E+03 eV, E m a x = 2.0E*04 eV 

Ha 
T«ap. 
(•V) fcO M A2 A3 A* AS A6 

M 0 0 . - 40 .2457 1.08015 . . 3 7 2 2 4 - .0096377 7 . .00225681 .00426467 - 3 . , 707387E-O5 
6000 . - 3 9 . 9 1 9 3 .955399 . . 1445 - .00462863 - .00297856 1 .656917E-04 3 .638382E-05 
8000 . - 3 9 . 4 0 2 1 .792041 .145020 .0024932) - .00313214 - 2 . .249516E-04 6 .938838E-0 ' 
10000. -18 .9951 .665607 .138788 .00682158 - .00268049 -4 .285723E-04 4 .558085r-05 
12000, - 3 8 . 6 5 7 5 .580938 . 1 )0790 .00942419 - .00211989 -5 •1398S9E-04 1 . 312445E-05 
15000. - 3 8 . 2 3 7 4 .488850 .118758 .0114760 - . 001)6912 -5 . 313647E-04 - 2 , .876352E-05 
20000. - 3 7 . 6 8 4 2 .386897 .10141C .0124848 -5 .096408E-04 - • .658120E-C4 - 7 , .014682E-05 
( q u e l T m p . - 4 1 . 6 7 0 8 2 .88394 - . 5 2 2 3 6 3 .167306 - .0405614 .00499158 - 2 , .402961E-0v 

See appendix for Chebyshev fit details. 
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He* + He - > o' 

Maxwellian — Maxwellian 

10.0 -

He Temp. 

(eV) 

A ~5000. 

Recommended 
Data 

Chebyshev Fit 

Equal Temp. 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 

He* Temp. CeV) *103 
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He + He + - > a" 

Beam — Maxwellian 

11.0 

10.0 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

i i i iu i | 1 i 1111 • i| 1 i 1111 ii| 1 i i m i i | 1 i i i n n 

H • -~~-

X 

-A 
0 0 I ' ' i i i m i l l i i i unit i 1.1 mi l l i i t t un 

He Energy 

(eV/omu) 

A = 10000. 

x - 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

* = 7 0 0 0 0 . 

* = 100000. 

& = 2 0 0 0 0 0 . 

a = 4 0 0 0 0 0 . 

Recommended 
Doto 

Chebyshev Fit 

10" 10' 102 103 

He* Temp. (eV) 
10* 10' 
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Single and Double Ionization Cross Sections for H*>* in He 

He' • He -> He* • He* + e 
-> He • He 2* • 2e 

Be* • He* • e He • He ,*• + 2e 
Energy Cross S e c t i 

(cv/asju) <«*> 
1.2E+04 4.09E-16 
1.5E+04 3.57B-16 
2.0E+04 3.07E-16 
3.0E+04 2.S2E-16 
4.0E+04 2.19E-16 
e .oe+04 1.806-16 
8.0E+04 1.54B-16 
1.0E+05 1.36E-16 
1.5E+05 1.08E-16 
2.0E+03 9.12E-17 
3.0E+05 7.02E-17 
4.0E+05 5.85E-17 
6.0E+05 4.53E-17 
7.8E*05 3.82E-17 

Energy Cross Stsotion 
(ev/asmi) (cs i 2 ) 

l .?E*04 2.16E-18 
1.5E+04 2.87E-18 
2.0E+04 3.88B-18 
3.0E+04 5.32E-18 
4.0E+04 7.76B-18 
6.06+04 9.74E-18 
8.0E+04 9.08E-16 
1.0E+05 7.69F-18 
1.5B+05 4.95B-18 
2.0E+05 3.32E-18 
3.0E+0S 1.81E-18 
4.06*05 1.19E-18 
6.0E+05 7.14E-19 
7.5E+05 S.60E-19 

References; 380, 462, 463, 494, 49b, 496 
Accuracy; 20% 
Bote: At lower energies the formation of He' is doninated by single electron 
capture. 

Chebvshev Pitting Parameters for Cross Sections 

He' + He* • e 
He* • Hea* • 2e 

e „ t n - 1.2E+04 eV/aou, E,,,^ - 7.86*05 eV/a 
Kmin * 1.2E+04 eV/amu, t m a x - 7.5E+05 ev/a 

hi »3 M 

» m\ -7J.15S4 
«• * • 2* -tO. 9940 

-1.17269 
-.909711 

.0534400 

.972279 
-.0099«703 

.157107 
.9130992 
.149794 

- .00303440 
- . 0 3 3 9 ) 9 0 

.000546491 
-.0320999 

The fit represents the He' • He* • e cross section with an nss deviation of 0.2%. 
The maximum deviation is 0.3% at 1.0E+05 ev/anu. 
The fit represents the He* • He2* + 2e cross section with an 
The maximum deviation is 3.3% at 3.0E*04 ev/amu. 

deviation of 2.0%. 

See appendix for Chebysnev fit details. 
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He* + He - > He* + He* + e <r(He*) 
He* + He - > He* + He2* + 2e a(He2*) 

KTV 

Kfr 

10# 

Cross Section vs. Energy 
T r T — i i i I - i 1 1—i—i—• i i 

^ * " 

A = o(Hc*) 

x = (KHea*) 

J i i i i i I J I 1—i i i i i 

Recommended 
-Ooto 

Chebyshev Fit 

xf 
Energy (eV/omu) 

Kf 
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Single Ionization Rate Coefficients for 

He • He* -> He* • He* + e 

Bean - Maxwellian Rate Coefficients (cm 3/s) 

Teap. He Energy (eV/a*u) 
(ev) 15000. 20000. 40000. 70000. 100000. 200000. 500000. 

l.oe+OO 6.07E-08 6.03E-08 6.08E-08 6.08E-08 5.97E-08 5.66E-08 4.99E-08 
2.0E+00 6.08E-08 6.03E-08 6.08E-08 6.08E-08 5.97E-08 5.66E-08 4.99E-0B 
4.0B+00 6.08E-08 6.03E-08 6.08E-08 6.08E-08 5.97E-08 5.66E-08 4.99E-08 
7.0E+00 6.08E-08 6.03E-08 6.08E-08 6.08E-08 5.97E-08 5.66E-08 4.99B-08 
1.0E*01 6.08E-08 6.03E-08 6.08E-08 6.08E-08 5.97E-08 5 .663-08 4.99E-08 
2.0E+01 6.08E-08 6.03E-O8 6.08E-08 6.08E-C8 3.97E-08 5.66E-08 4.99E-08 
4.0E+01 6-08E-08 6.03E-08 6.08E-08 6.08E-08 5.97E-08 5.66E-08 4.99E-08 
7.0E+01 6.08E-08 6.03E-08 6.0eE-08 6 . 0 e t - 0 8 5.97E-08 5.66E-08 4.99B-08 
1.0C+02 6.08E-08 6.04E-08 6.08E-08 6.08E-08 5.97B-08 5.66E-08 4.99E-08 
2.OE+02 6.06E-08 6.04E-08 6.08E-08 6.08E-08 5.97E-08 5.66E-08 4.99E-08 
4.0E+02 5.ME-08 6.04E-08 6 .0 ,K-08 6.08B-08 5.97E-08 5.66E-08 4.99B-08 
7.0E+02 S.65B-08 6.04E-08 6.09E-08 6.08E-08 5.97E-08 5.66B-08 4.99E-08 
1.0E+03 5.45B-08* 6.04E-08 6.08E-08 6.08E-08 5.97E-08 5.66E-08 4.99E-08 
2.0E+03 5.05E-r08* 5.96E-08 6.09E-08 6.08E-08 5.97E-08 5.65B-08 4.99E-C8 
4.0B+03 4.73B-08* 5.73E-08 6.09E-08 6.07E-0B 5.97E-08 5.65E-08 4.99E-08 
7.OB+03 4.59B-08* 5.49E-08 6.08E-08 6.07B-08 5.96E-08 5.64E-08 4.99E-08 
1.0E+04 4.55E-08* 5.36E-08* 6.07E-08 6.06E-08 5.96E-08 5.64E-08 4.99E-08 
2.0E+04 4.61E-08* 5.18E-08* 5.98E-08 6.03E-08 5.95E-08 5.63E-08 4.99E-08 

Accuracy: * - Possible Error Greater Than 10% 
f - Possible Eiror Greater Than 100% 

Chebvshev F i t t i ng Paraweters for Rate Coeff icients 

E c i n - l'°*+00 e v - Emax " 2 - 0 E + 0 4 e V 

Energy 
CV/ami) kO Al A2 A3 A4 A5 h* 

15000. -33.4287 -.15(108 -.0677686 .0633240 .0303214 .0168471 -.00215247 
20000. -33.3167 -.0613195 -.0440891 -.0209720 -.00)24650 .00492917 .00599209 
40000. -33.2337 -.00382566 -.00347023 -.00301869 -.00227876 -.00145508 -3.331S03E-O4 
70000. -33.2330 -.00284092 -.00208988 -.00125415 -6.089006E-04 -2.360207E-04 -6.070840E-05 
100000. -33.26(4 -.00150867 -9.658744E-04 -5.353S1E-04 -2.92897E-04 -1.57790E-04 •6.49O04E-05 
200000. -33.376) -.00257819 -.00151167 -4.93)60E-04 -2.11497E-04 5.23846E-05 -7.73477E-06 
500000. -33.626* -2.54O59E-04 -l.8>372E-04 -1.19077E-04 -7.06237E-05 -4.191101 05 -3.05576E-05 

See appendix for Chebyshev fl>. d e t a i l s 
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He + He* ->He* + He* + e 

Beam — Maxwellian 

67.5 j — i t i i i ) i i |—i i 11i(ii|—i i . .n iq—i i i ui(T|—i i i inn 

65.0 

62.5 

60.0 

5?.5 

55.0 

52.5 

50.0 

47.5 

45.0 

: . . - > -

He Energy 

(eV/omu) 

A = ;5000. 

x = 2 0 0 0 0 . 

v —40000. 

* = 7 0 0 0 0 . 

• = 100000. 

B = 2 0 0 0 0 0 . 

D = 5 0 0 0 0 0 . 

Recommended 
Data 

Chebyshev Fit 

1 ' • ' " " ' * » " « i nml i i i mill i i i unit ' i i 11 mi 

10" 10* itf 103 104 )d 
He* Temp. (eV) 
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Double Ionization Rate Coefficients for 
He • He* -> He* • He2* • e 

Bean - Maxwellian Rate Coefficients (csrVs) 
Be* 

Temp. He Energy (ev/a*u) 
(ev) 15000. 20000. 40000. 70000. 100000. 200000. 500000. 

I.OETOO 4.90E-10 7.62E-10 2.15E-09 3.45E-09 3.38E-09 2.06E-09 8.82E-10 
2.0E+00 4.88E-10 7.62E-10 2.15E-09 3.45F-09 3.38E-09 2.06E-09 8.82E-10 
4.0E+O0 4.88E-10 7.62E-10 2.15E-09 3.4SE-09 3.38B-09 2.06E-09 8.82E-10 
7.0E+00 4.88E-10 7.62E-10 2.15E-09 3.45E-09 3.38R-09 2.06E-09 8.82E-10 
1.0E+01 4.88C-10 7.62E-I0 2-15E-C9 3.45E-09 3.37E-09 2.06E-09 8.82E-10 
2.06+01 4.88E-10 7.62E-10 2.15E-09 3.45E-09 3.37E-09 2.06E-09 8.82E-10 
4.0E+01 4.88E-10 7.63E-10 2.15E-09 3.45E-09 3.37E-09 2.06E-09 8.82E-10 
7.0E+01 4 88E-10 7.64E-10 2.15E-09 3.45E-09 3.37E-09 2.06E-09 8.82E-10 
1.0E+02 4.89E-10 7.64E-10 2.15E-09 3.45E-09 3.37E-09 2.06E-09 8 .82E-10 
2.0E+02 4.89E-10 7.67E-10 2.14E-09 3.45E-09 3.36E-09 2.06E-09 8.82E-10 
4.0E*02 4.86E-10 7.72E-10 2.14E-09 3.45E-09 3.36E-09 2.06E-09 8 .82E-10 
7.0E+02 4.81E-10 7.81E-10 2.14E-09 3.45E-09 3.35E-09 2.06E-09 8 .82E-10 
1.0E+03 4.80E-10 7.89E-1C 2.14E-09 3.44E-09 3.35E-09 2 .066-09 8.82E-10 
2.0B+03 4.91E-10* 8.12E-10 2.16E-09 3.42E-09 3.33E-09 2.06E-09 8.82E-10 
4.0E+03 5.3'»E-10* 8 .60S-10 2.19E-09 3.38E-09 3.30E-09 2.06E-09 8.82E-10 
7.OE+03 6 . 1 J E - 1 0 * 9.36E-10 2>22E-09 3 .3 iE-09 3.27E-09 2.06E-09 8.83E-10 
1.0E+«4 6.93E-10 1.01B-09 2.25E-09 3.26E-09 3.23E-09 2.06E-09 3 .83E-10 
2.0E+04 9.42E-10 1.25E-09 2.32E-09 3.12E-09 3.12E-09 2.05E-09 8.8SE-10 

Accuracy: Possible Error Greater Than 10% 
Possible Error Greater Than 100* 

Chebvshev Fitting Parameters for Rate Coefficients 

^ n 1.0E+00 ev. naax 2.0E+04 ev 

B« 
Emrgy 
(«V/aau) AO Al A2 A3 A4 AS AC 

15000. -42.6596 .210697 .17019J .107504 .0517161 .0113452 -.00599787 
20000. -41.7921 ,173871 .11)280 .0639172 .0267465 .00833917 .00105484 
«0000. -39.8662 .0257832 .0218619 .0122377 .00362207 -2.15724E-04 -9.66877E-04 
70000. -39.0084 -.033^772 -.0251735 -.0147490 -.00625255 -.00143355 2.795128E-04 
100000. -39.0462 -.0279022 -.0171564 -.00916918 -.00454770 -.0020W57 -7.514507E-04 
200000. -40.0019 -.00189800 -6.33O4JC-04 -1.62792E-04 -2.09259E-04 -7.95723E-05 -1.42796E-04 
500000. -41.6965 9.433I9E-04 7.29142E-04 4.97094E-04 2.96459E-04 I.502041-04 6.26450B-05 

See appendix for Chebyahev fit details. 
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He + He' ->he* + He + 2e 

Beam — Maxwellian 

40.0 

35.0 

30.0 

25.0 

20.0 

15.0 

10.0 

T~r i inn;—i i i nun—i i i imi|—i i i mii|—i i i urn 

7 * 

5.0 <r-

0 0 ' ' ' ' ' " " ' ' ' ' ' " " ' • • ' " • " l ' • ' • " " ' I I I Mi l l 

He Energy 

(eV/omu) 

*. - 1 5 0 0 0 . 

x = 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

* = 7 0 0 0 0 . 

• = 100000. 

• = 2 0 0 0 0 0 . 

O = 500000. 

Recommended 
-Data 

Chebvshev Fit 

10° 10* 10? ](? 104 ltf 
He* Temp. (eV) 
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Ionization Cross Sections for 

He 2» • H -> He 2* •• H* + e 

Energy 
(ev/amu) 

3.1E+C4 
4.06+04 
5.06+04 
6.06+04 
7.0E+04 
8.06+04 
9.06+C4 

.06*05 
.56+05 
.06+05 
.06+05 
.0E+05 
.06+05 
.56+05 

Velocity 
(cm/s) 

1. 
1. 
2. 
3. 
4. 
5. 
5. 

•45E+08 
.78E+08 
.116+08 
.406+08 
.68E+08 
.93E+08 
.17E+08 
.396+08 

5.38E+08 
6.216+08 
7.616+08 
8.786+08 
9.826+08 
1.03E+09 

Cross Section 
(cm2) 

2.31E-16 
3.396-16 
4.056-16 
4.29E-16 
4.226-16 
4.076-16 
3.906-16 
3.776-16 
3.046-16 
i.536-16 
1.906-16 
1.536-16 
1.286-16 
1.186-16 

References: 506, 507, 508, 509, 510, 522, 512, 653 
Accuracy: 30% 
Botes: (1) As far as we are aware only one experimental Measurement has 
been reported (Ref. 510). Above 100 kev/amu the theoretical results of 
Crothers and McCann (Ref. 507) are within 10% of the experimental results. 
At energies less than 100 kev/amu the theoretical data (Refs. 506, 507, 
508, 509, 511, 512) vary by as much as an order of magnitude. 

Chebvshev Fitting parameters for Cross Sections 

B , ^ - 3.16+04 ev/amu, E,,^ = 5.5E+05 eV/amu 

A0 Al A2 A3 
-71.9027 -.471110 -.344985 .128260 

A4 A5 A6 
-.04*9423 .00932704 .00279820 

The fit represents the above cross section with in rms deviation of 0.5%. 
The maximum deviation is 0.8% at 9.0E+04 ev/amu. 

See appendix for Chebyshev fir. details. 
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He2" + H - > He2* + H* + e 
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Ionization Rate Coefficients for 
H • He:* -> H* • He:* • e 

Beam - Maxwellian R?.ce Coefficients (cnVs) 

He2* 
Tesqp. H Energy (ev/aau) 
(eV) 35000. 40000. 60000. 80000. 100000. 200000. 500000. 

1.0E+00 7.21E-08 9-41E-08 1.46E-07 1.60E-07 1.66E-07 1.57B-07 1.26E-07 
2.0E+G0 7.21E-08 9.40E-08 1.46E-07 1.60E-07 1.66E-07 1.57E-07 1.26E-07 
4.0E+00 7.21E-08 9.40E-08 1.46B-07 1.60E-07 1.66E-07 1.57E-07 1.26E-07 
7.0E+00 7.21E-08 9.39E-08 1.46E-07 1.60E-07 1.66E-07 1.57E-07 1.26B-07 
1.0E+01 7.21E-08 9.39E-08 1.46E-07 1.60E-07 1.65E-07 1.57E-07 1.26E-07 
2.0E+01 7.21E-08 9.38E-08 1.46E-07 1.60E-07 1.65E-07 1.57E-07 1.26E-07 
4.0E+01 7.22E-08 9.37E-08 1.46E-07 1.60E-07 1.65P-07 1.57E-07 1.26E-07 
7.0E+01 7.22E-08 9.35E-08 1.45E-07 1.60E-07 1.65E-07 1.57E-07 1.26E-07 
1.0E+02 7.23E-08 9.35E-08 1.45E-07 1.60E-07 1.65E-07 1.57E-07 1.26E-07 
2.0E+02 7.19E-08 9.33E-08 1.45E-07 1.60E-07 1.65E-07 1.57E-C7 1.26B-07 
4.0E+02 7.01E-08 9.31E-08 1.45E-07 1.60E-07 1.65E-07 1.57E-07 1.26E-07 
7.0E+02 6.80E-08 9.29E-08 1.44E-07 1.60E-07 1.65E-07 1.57E-07 1.26E-07 
i .oe+03 6.67E-08* 9.25E-08 1.44E-07 1.59E-07 1.65E-07 1.57B-07 1.25E-07 
2.0E+03 6.54B-08* 9.10E-08 1.43E-07 1.59B-07 1.64E-07 1.57E-07 1.24E-07 
4.0E+03 6.66E-08* 8.96E-08 1.42E-07 1.591 07 1.64E-07 1.57E-07 1.18E-07 
7.0E+03 6.96E-08* 8.96E-08 1.40E-07 1.58.. 7 1.63E-0* 1.56E-07 1.10E-07* 
1.0E+04 7.26E-08* 9.04E-08* 1.38B-07 1.56E-07 1.62E-07 1.56E-07 1.04E-07* 
2.0E+04 8.06E-08* 9.43E-08* 1.34E-07 1.53E-07 1.60E-07 1.56E-07 9.36E-08* 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvshev Fitt ing Parameters for Rate Coefficients 

E«in • 1.0E+00 ev, E,,,^ = 2.0E+04 eV 

H 
(«V/aav) ftO JU h2 hi M A5 »6 

15000. -32.9985 .00549401 .0364412 .0474517 .0313047 .00563515 -.00840641 
40000. -32.3844 -.0156075 6.67620E-04 .00939742 .0106456 .00601907 .00326444 
60000. -31.5217 -.0331626 -.0190037 -.00665517 -.00343677 -9.09107B-04 9.56675E-05 
•0000. -31.3145 -.0146657 -.0105289 -.00656664 -.00357109 -.00159023 -5.06065E-04 
100000. -31.2432 -.0124344 -.00696173 -.00342119 -.00172670 -9.0333SE-04 -4.39616E-04 
200000. -31.3365 -.00345476 -.001*45 "> -3.10531E-04 -3.44995C-04 -1.21204E-04 -2.21966E-05 
500000. -31.6962 -.105965 -.0779255 -.0441666 -.0151954 -4.90560E-04 .00566340 

See appendix for Chebyshev fit details. 
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H + H e 2 + - > H + + He 2 * + e 

Beam — Maxwellian 

20.0 

18.0 

16.0 i t 

14.0 

12.0 

10.0 

6.0 

i i uiui|—i i i mm—i i i mm—i i i iiitii—i i nun 
H Energy 

(eV/omo) 

A = 35000. 

x = 4 0 0 0 0 . 

v —60000. 

x = 8 0 0 0 0 . 

• = 100000. 

O = 2 0 0 0 0 0 . 

O = 5 0 0 0 0 0 . 

6 0 ' • • • i n" ' • • • •••"' i i i nml i i i mill i i i M I I I 

Recommended 
-Data 

Chebyshev Fit 

10° 10' itf ICf 104 \<f 
He 2 * Temp. (eV) 



D-100 

Crons Sections for the Production of SIOM Positive tons and electrons 
for Be 2' Colliding with B 2 Molecules 

Be2* • H 2 -> z (H2* and H* Prod.) o' 
-> E Electrons </" 

Me2* • H 2 (o*) Be2* • H 2 ia~) 

Energy 
ev/enu) 

Crocs Section 
(as2) 

Energy 
(ev/asu) 

Cross Secti 
<c«*) 

2.0C+03 3.82B-1S 2.5E+03 9.15B-17 
4.0B+03 6.17B-J6 4.0E+03 7.80E-17 
7.0E+O3 8.79E-16 5.0E*03 7.526-17 
l.CE+04 1.11E-15 7.0E+03 8.35e-17 
1.5E+04 1.J7E-15 1.0E+O4 1.186-lf 
2.0E+04 1.47E-1S 1.5E+04 2.126-16 
2.3B+04 1.49E-15 2.06+04 3.176-16 
4.0E+04 1.28E-15 4.06+04 6.196-16 
7.0E+04 9.83E-16 7.06+04 7.006-16 
1.0C+05 7.90E-16 1.0E+05 6.976-16 
1.5E+05 6.21E-16 1.58+05 6.016-16 
2.QB+05 5.15E-16 2.06+05 4.94E-16 
3.0E+05 4.01E-16 4.06+05 2.516-16 

5.06+05 1.906-16 

References: 95, 143, 144, 346, 479, 532. 533, 534 
ItfcyrWY' 25% 
Botesi (If The seven reactions producing slow ions and electrons are: (a) Be** + 
B 2 -> Be2* • Hj* • e (single ionization), (b) Be2* • B 2 -> Be2* • B* • B • e 
(dissociative ionization), <c) Be2* * B 2 -> Be** + H* • K* • 2* (double 
ionization), (d) Be2* • B 2 -> Be* • B2* (single electron capture), (e) Be2* • H 2 -
> Be* • H* • B (dissociative electron capture), (f) Be2* + B 2 -> Be* • H* * H • 
e (electron capture with ionisatlon), (g) He2* • B 2 -> Be • H* • B* (double 
electron capture). (2) Afrosisov et al. (Ref. 95) have made a detailed study of 
these reactions in the energy region 2.3x10* to 2.5x10* eV/amu. (3) The cross 
section for slot* electron production («*) is the SUM of 0(a) + a(b) • 2o(c) • 0(f). 
(4) The cross section for slow positive ion production is the sun of 0(a) + o(t> 
• 2o(c) • 0(d) • afe) * 2c(l) • 20(g). 

Chebvshev fitting Parameters for Cross Sections 

Be2* • Bj (0*) t m i n - 2.06+03 eV/anu, E , ^ - 3.06+05 eV/asu 
Be2* • R 3 icT) t m i n ' 2,56+03 eV/a», t m n » 5.06+05 ev/asw 

A0 Al A2 A3 A4 A5 A6 
Be2* • H 2 (0*> -69.8186 .0111387 -.631977 .0179570 .0939313 -.00776735 -.0310932 
Be2* • H 2 (0') -72.0755 .794419 -.668306 -.447465 .196243 -.000576099 -.0629005 

The fit represents the (0*) cross section with an rise deviation of 1.3%. 
The maximum deviation is 3,0% at 4.0E+04 eV/amu. 
The fit represents the (0') cross section with an rms deviation of 3,2%. 
The maximum deviation is 5.8% at 7.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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.2+ He" + K - > Z(H + + H*) a* 
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Cross Sections for the Production of H* and H2" Ions for He2* Incident On H 2 

He* + Hj 
-> o ( H 2 * ) 

(Curve A) {Curve B > • (Curve • C > (Curve D) 
Total B2' ' Proa. S i n g l e i o n . B 2 Prod. Total B Prod. Ion. H' Prod. 

Energy o Energy o Energy o Ener"y a 
(eV/aau) (cm 2) (eV/amu) < c 2 > (eV/aau) ( a s 2 ) (ev/asxi) (cm 2 ) 

2.1E4 03 9-68E-17 2.5E+03 9.97E-xa 2.3E+03 2 .17E-16 2.3B+03 1.66E-16 
' .0E+03 6.30E-1» 1.0E+04 5.30E-17 7.0E+03 1.91E-16 7.0E+03 1.12E-16 
1.02+04 7.92E-16 1.5E+04 1.36E-16 1.0E+04 2 .15E-16 1.0E+04 1.29E-16 
1.5E+04 9.00E-16 2.0E+04 2.90E-16 1.5E+04 2 .51E-16 1.5E+04 1.60B-16 
2.0E+0* 9-95E-16 3.0E+04 1.50E-15 2.0E+04 2.86E-16 2.0E+04 1.79E-16 
3.0E+04 1.4BE-15 4.0E+04 3.20E-15 4.0E+04 4 .53E-16 2.5E+04 1.90E-16 
4.0E+04 3.1BE-15 B.4E+Q4 5.19E-15 7.0E+04 6 .35E-16 4.0E+04 1.76E-16 
7 . (**04 5.07E-15 1.0E+05 5.18E-15 8.0E+04 6 .43E-16 7.0E+04 1.36E-16 
8.4B+04 5 .216-15 1 . 5 E T 0 5 4.77E-15 1.0E+05 6 .32E-16 1.0E+05 1.06E-16 
1.0E+05 5.18E-15 2.0E+05 4.26E-15 1.5E»05 5.59E-16 1.5E+05 7.51E-17 
1.5E+05 4.80E-15 4.0E+05 2.97B-15 2.0E+03 4 .87E-16 2.0E+05 5 . 'JE-17 
2.0E+05 4.29E-15 5.4E+05 2.50E-15 4.0E+05 3.20E-16 4.0E+05 2.33E-17 
4.OF+05 2 .972-15 4.6E+05 2 .92E-16 6.0B+05 1.50E-17 
5.4E+05 2.S0E-15 

BSlSESftpefii 95 , 346, , 553 

Accuracy: 25% 

Botes; (1) The seven reactions, producing reaction products I.* and H2* arc: (a) He2* 
• B z -> He2* • H2* • e, single ionization; O ) He2* • H 2 -> He2* • H* + H + e, 
dissociative ionization; (c) He2* • H 2 -> He2' + H* • H* * 2e, double ionization; 
(d) He 2' • H 2 -> «•* • »2% electron capture; (e) He2* -, H 2 -> He* • H* • H, 
dissociative electron capture; (f) He2* + H 2 -> He* + H* • H* • e, electron capture 
with ionization; (g) He5* + H 2 -> He t h* • H*, double electron capture. (2) 
Afrosimov et al. (Ref. 96) have made detailed Btudies of these reactions. (3) 
Shown as curve A is the total cross section for producing H2* and is the sum of 
o(a) and 0(d). (4) Curve B is the single ionization cross section for producing 
H2*' o(a). (5) Curve C is the total cross section for producing H* and is the sun 
of <r(b) + 20(c) + o(e) • 2o(f). (6) Curve D is the cross section for producing H* 
by ionization collisions, o(b) • 2o(c). 

Cheb^shev Fitting Parameters for Cross Sections 

Curve A 
Curve B 
Curve C 
Curve D 

2.1E+03 
2.5E+03 
2.3E+03 
2.3E+03 

eV/aau, 
eV/amu, 
eV/awu, 
eV/amu, -max 

"max 

5.4E+05 ev/amu 
5.*E*05 ev/amu 
4.6E+05 ev/amu 
6.0E+05 eV/amu 

AO Al A2 A3 • A4 A5 A6 
Curve A -68.8191 1.63697 -.7*58285 -.163048 -.111162 .206844 .0545283 
Curve B -70.9500 3.23148 -1.12038 -.650292 .397513 .189249 -.208238 
Curve C -71.4299 .407648 -.257736 -.323208 .0419822 .0784881 .0257954 
Curve D -74.1448 -.984730 -.626797 -.217335 .186783 -.0134584 -.0263402 
The fit represents the Curve A cross section with an rms deviation of 12.0%. 
The maximum deviation is 23,3% at 3.0B+04 ev/amu. 
The fit represents the Curve B cross section with an rmc deviation of 12.7%. 
the maximum deviation is 31.9% at 2.0E+04 ev/ajwi. 
The fit repiesents the Curve C cross section with an rmo deviation of 2.3%. 
The maximum deviation is 3.3% at 1.5E+05 ev/amu. 
The fit represents th • Curve D cross section with an rms deviation of i.2%. 
The maximum deviation is 4.4% at 7.0EKM sv/amu. 

See appendix for Chebysi ev fit detai.'a. 
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Cross Sections for the Production of Slow Positive Ions and Electrons 
for He2* Ions Interacting with He. 

He2* • He -> o" 
He2' + He -> o~ 

He 2* + He [a ) He 2» • He (<T) 

Energy Cross Section 
(eV/ami) (cm2) 

9.0E+0J 3.72E-16 
1.0E+04 4.03E-16 
1.5E+04 5.30E-16 
2.0E+04 5.87E-16 
3.0E+04 6.03E-16 
4.0E+O4 5.91E-16 
7.0E+04 4.98E-16 
1.0B+0S 4.19E-16 
1.5E+05 3.29E-16 
2.0E+05 2.73E-16 
4.0E+05 1.70E-16 
7.0B+05 1.14E-16 
1.0E+06 8.54E-17 
1.5E+06 6.10E-17 
2.0E+06 4.74E-17 
2.9E+06 3.41E-17 

Energy Cioss Section 
(eV/anu) (cm2) 

5.0E+03 1.59E-18 
7.0E+03 4.68E-18 
1.0E+04 1.29E-17 
1.5E+04 3.07B-17 
2.OE+04 5.11E-17 
4.0E+04 1.30E-16 
7.0E+04 2.20E-16 
1.0E+05 2.74E-16 
1.3E+05 2.88E-16 
1.5E+05 2.84E-16 
2.0E+05 2.51E-16 
4.0E+05 1.62E-16 
7.0E+05 1.06E-16 
1.0E+06 7.96E-17 
1. 5E+06 5.57E-17 
2.0E+06 4.31E-17 
2.8E+06 3.29E-17 

References; 143, 144, 148, 375, 381. 382, 479, 495, 532, 534, 537, ~ — ~ — " " — 53 8 f 539, 540 

Accuracy: o* - 30% 
<f - 50% 

notes; (1) The reactions occurring when He2* reacts with He are: (a) He2* • He 
He He 2» Z» double electron capture; (b) He' • He -> He + He , single 

electron capture; (c) He2* + He -> He2' • He2* + 2e, double ionization; (d) He2* 
• He -> He'* • He* • e, single ionization; (e) He2* t He -> He* • He2* • e, 
single capture with single ionization. The cross sections for slow electron 
production o' is 2o(c) + o(d) + <?(£)• The cross sections for slow ion production 
c is <j(a) + o(b) • <J<C) • o{<A) + o(e). (2) For energies less than 
electron capture dominates overionization. 

10' ev/amu 

Chebvshev Fitting Parameters for Cross Sections 

A0 

6min 
Emin 
Al 

9.0E+03 
5.0E+03 

A2 

ev/amu, 
ev/amu, 

A3 

'max 
"max 

A4 

2.9E+06 
2.8E+06 

A5 

ev/amu 
ev/amu 

A6 

-72.3312 
-75.4418 

•1.34390 
1.18618 

-.519918 
-1.77854 

.150932 

.310230 
- .0442699 

.0670546 
-.00102101 

.0236438 
.00498217 
-.0500356 

The fit represents the o' cross section with an rms deviation of 0.6%. 
The maximum deviation is 1.3% at 3.0E»04 ev/amu. 
The fit represents the o~ cross section with an rms deviation 
The maximum deviation Is 5.1% at 7.OE+03 ev/amu. 

of 2.9%. 

See appendix for Chebyshev fit details. 
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Slow Positive Ton Production Rate Coefficients for 

He2' + He -> a' 

Maxkellian Maxwellian Rate Coefficients (cur/6) 
tto T 

Taap. 
(•V) 

3.5E»03 
4.0E»03 
4.5E»03 
S.0E»03 
5.5E«03 
6.0E*03 
8.0E»03 
:.os»o* 
1.2E»04 
1.4E»04 
1.6E«04 
1.3E»04 
2.0B»04 

Equal 
T«*p. 

1.01E-098 
l.S6E-09t 
3.01E-03I 
4.42E-09t 
6.06E-09* 
7.89E-09I 
.64E-08* 
.57E-08" 
.48E-08* 
.35E-C8* 
.158-08* 
-89E-06' 
.«7E-oe* 

5000. 

40E-09I 
01E-098 
68E-09* 
42E-098 
22E-09I 
06E-09f 

9.86E-09I 
42E-08I 
87E-08# 
33E-08* 
B0E-08-
26E-08' 
.•"OE-08* 

6000. 

3.68E-09* 
4-42S-09* 
5.22E-09I 
S.CSE-091 

95E-09I 
89E-09I 
20E-08I 
64E-088 
10E-08I 
57E-08" 

6 
7 
1 
1 
2 
2 
3 .03E-08* 
3 .48E-08* 
3 . 9 2 E - 0 8 ' 

eooo. 

6 .95E-09# 
7 .89E-098 
8 .86E-091 
9 . 8 6 E - 0 9 I 
1.09E-C8I 
1 .20E-088 
1 .64E-08I 
2 .10E-084 
2 .57E-08* 
3.O3E-08* 
3 .48E-08* 
3 .32E-08* 
*.35E-C8« 

Be Trap. (eV) 
10000. 12000. 

09E-C6I 
20E-08I 
3IE-08* 
42E-08I 
53E-08I 
GiE-08# 

2.10E-OBI 
2.57E-08* 
3 . 0 3 E - 0 8 ' 
3 .46E~08' 
J .92E-08* 
4 .35E-08* 
4 .76E-08-

1.53E-08I 
1 .64E-08I 
1 .75E-08I 
1 .87E-08I 
1 .99E-08I 
2 .10E-08I 
2.57E-08» 
3 .03E-08* 
3 .48E-08* 
3 .92E-08* 
4 . 3 5 E - 0 8 -
4 .76E-08* 
5 .15E-08-

15OC0. 

2 .22E-08I 
2 .33E-08* 
2 .45E-08* 
2 .57E-09* 
2 .68E-08* 
2 . 8 0 E - 0 8 -
3 .25E-08* 
3 .70E-08* 
4 .14E-08* 
4 .5SE-08* 
4 . 9 5 E - 0 8 ' 
5 . 34E-08 -
5 . 7 1 E - 0 8 ' 

20000. 

3 . 3 7 E - 0 8 -
3 .48E-08* 
3 .59E-08* 
3.70E-C8* 
3 .81E-08* 

92E-08* 
35E-08* 
76E-08* 
15E-08* 
53E-08* 
8 9 E - 0 8 ' 
24E-08" 
57E-08-

Accuracy: * - Possible Error Greater Than 10% 
# - Possible Error Greater Than 100% 

Chebyshev Fitting Parameters for Rate Coefficients 

nun 2.5E+03 ev. "max 2.0E+04 eV 

Trap. 
(•V) A0 Al A2 A3 A4 A5 A6 

SOOO. - 3 6 . 8 4 3 4 1.38333 - . 0 5 9 8 3 2 8 - . 01S7120 .00186832 1.83603E-04 6.O5353E-05 
6000 . - 3 6 . 4 1 6 1 1.19746 - . 0 3 0 1 4 1 8 - . 0 1 5 1 7 9 8 9 .78258E-04 1.IS730E-O4 - 3 . 5 8 1 8 1 E - 0 5 
8000 . - 3 5 . 7 4 4 0 .928769 .00411079 - . 0 1 2 6 2 8 5 I .55066E-04 2 .07816E-04 1 .37906E-04 
10000. - 3 5 . 2 3 5 0 .745842 .C204872 - . 0 0 9 7 9 2 5 8 - 3 . ' 5 6 3 9 E - 0 4 2 .38560E-04 - 3 . 3 3 6 8 2 E - 0 5 
12000. - 3 4 . 8 3 3 7 .615060 .0276881 - . 0 0 7 2 7 8 8 9 -6 .44358E-C4 - 3 . 6 6 6 2 7 E - 0 5 4.09O92E-05 
15000. - 3 4 . 3 6 4 8 .477864 .0321621 - . 0 0 4 7 4 7 5 3 - 8 . 7 0 6 9 0 k - 0 4 1.26091E-04 - 4 . 2 J 0 9 4 E - 0 5 
20000 . - 3 3 . 8 0 4 7 .336327 .03J0835E-02 - . 0 0 2 1 4 0 4 9 -6 .13145E-04 -5 .04160E-05 - 1 . 0 9 7 0 5 E - 0 4 
Equal Tmp. - 3 6 . 4 4 1 7 2.02992 - . 399477 .0593303 - . 00723537 5 .77470E-04 -3 .01527E-O5 

See appendix for Chebyshev f i t de ta i l s . 
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He 2 + + He - > a* 

Maxwellian - Maxwellian 

Recommended 
Dato 

Chebyshev Fit 

Equol Temp. 

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 
He 2 t Temp. (eV) *103 
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Slow Positive Ion Production Rate Coefficients for 
He • He 2' -> o* 

Bean - Maxwelliar. Rate Coefficients (ca/s) 
He 2 ' 

Teqp. He Energy (ev/anu) 
(ev) 10000. 20000. 40000. 70000. 100000. 2000C0. 500000. 

1.0E+00 &.60E-08 1.15E-07 1.64E-07 1.83E-07 1.84E-07 1.69E-07 1.42E-07 
2.0E+00 5.60E-08 1.15E-07 1.64E-07 1.83B-0? 1.84E-07 1.70E-07 1.42E-07 
4.0E+00 5.60E-08 1.15E-07 1.64E-07 1.83E-07 1.84E-07 1.70E-07 1.42E-07 
7.08*00 5.60E-08 1.15E-07 1.64E-07 1.83E-07 1.84E-07 1.70E-O7 1.42E-07 
1.0E+01 5.60E-08 1.15E-07 1.64E-0.* 1.83E-07 1.84E-07 1.70E-07 1.42E-07 
2.0E+01 !>.60B-08 1.15E-07 1.64E-07 1.83E-07 1.84E-07 1.70E-07 1.42B-07 
4.0E+01 5.55E-OB 1.15E-07 1.64E-07 1.83E-07 1.84E-07 1.706-07 1.42E-07 
7.0E+01 5.42E-C9 1.15E-07 1.64E-07 1.83E-07 1.84E-07 1.70E-07 1.42E-07 
1.0E+02 S.29E-08 1.15E-07 1.64E-07 1.83E-07 1.64E-07 1.70E-07 1.42E-07 
2.0E+02 4.99E-08* 1.1SE-07 1.63E-07 1.83E-07 1.84E-07 1.70E-07 1.42E-07 
4.0E+02 4.75B-08* 1.14E-07 1.63E-07 1.82E-07 1.84E-07 1.69E-07 1.42E-07 
7.0B+02 4.67E-08* 1.14E-07 1.63E-07 1.82E-07 1.83B-07 1.69E-07 1.42E-07 
1.0E+03 4.68E-08* 1.14E-07 1.63E-07 1.82E-07 1.83E-07 1.69E-07 1.42B-07 
2.0E+03 4.90E-08* 1.I4E-07 1.62E-07 1.82E-07 1.83E-07 1.695-07 1.42E-07 
4.0E+03 5.40E-08* 1.15E-07 1.62E-07 1.81E-07 1.83E-07 1.69E-07 1.42E-07 
7.0E+03 6.06E-08* 1.15E-07 1.61B-07 1.80E-07 1.82E-07 1.69E-07 1.42E-07 
1.0E+04 6.62E-08* 1.16E-07 1.60E-07 1.80E-07 1.82E-07 1.69E-07 1.42E-07 
?.C=!+04 8.14E-08* 1.20E-07 1.59E-07 1.78E-07 1.80E-07 1.69E-07 1.42E-07 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

E,^,, « l.OEtOO t/, E , ^ = 2.0E+04 eV 

En*rgy 
( • V / M O ) A0 Al A2 A3 A4 A5 »* 
10000 . - 1 3 . 3 5 2 8 .0888836 .145456 .115375 .0287771 . .0197504 - . 0 0 9 7 4 5 6 1 
2 0 0 0 0 . - 3 1 . 9 4 8 6 .00733446 .0104567 .00856353 .00508869 .00265079 .00155039 
4 0 0 0 0 . - 3 1 . 2 6 3 3 - . 0 1 3 6 9 6 9 - . 0 0 6 1 4 9 3 6 - . 0 0 1 9 5 5 0 6 - 5 . 61861E-04 - 2 . 03312E-04 - 6 , . 594348-05 
7 0 0 0 0 . -31.04->0 - .0112913 - . 0 0 5 9 2 9 > - . 00253976 - .00106355 • • 4 .84457E-04 -1 .29325E-04 
10000C. - 3 1 . 0 2 5 5 - . 00737792 - . 00415937 - . 0 0 1 9 8 0 4 8 - 9 . 17662E-04 - 4 . .31S00E-04 - I . .81183SS-04 
200000 . - 3 1 . 1 * 2 6 - . 001934*1 - . 0 0 1 2 5 7 6 4 - 4 . 5 2 6 4 6 E - 0 i -2 . ' 1 6 5 0 E - 0 4 2 . 305951 - 05 -3 .75081E-05 
500000 . - 3 1 . 5 3 0 5 -2 .56726C-04 - 1 . 7 6 7 4 6 E - 0 4 - 1 . 0 4 I 9 5 E - 0 4 -4 .27594E-05 - 2 . 69*546-05 -1 •83293E-05 

See appendix for Chebyshev fit details 
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He + He2+ - > a* 

Beam — Maxwellian 

T I I l l l l l | 1 I I I l l l l | 1 I I 11 III) 1 I » l l l l l | 1 I I I Mill 

He Energy 

(eV/omo) 

A = 1O0OO. 

x - 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

* = 7 0 0 0 0 . 

• = 100000. 

O = 200000. 

O = 500000. 

Recommended 
-Data 

Chebyshev Fit 

2.5 i i.muil » » • •••"' « • • •••"' » • » « • ' " ' i i i i n n 
10° id irf 10? 104 K? 

He'* Temp. (eV) 
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Slow Electron Production Rate C o e f f i c i e n t s for 

He' H* + He -> o~ 

Maxwellian - Maxwellian Rate Coefficients (carVs) 

T o p . Equal Ha M a p . <aV) 
(«v> Taap. 5000 . 6000 . 8000. 10000. 12000 . 15000. 20000 . 

1.5S*03 1.17E-124 6 .4SE-1I# l . l l E - 1 0 * 2 .47E-10* 4 .44E-10* 6 .99E-10 1 .18E-09 2 .24E-09 
2.0E»03 6 .87E-128 B . 5 7 E - 1 1 ' 1.3SE-10* 2 .91E-10* 5 . 0 2 E - 1 0 - 7 .72E-10 1 .28E-09 2 .36E-09 
2.5E*03 2 .11E-118 1 .1IX-10" 1.71E-10" 3 . 3 8 E - 1 0 ' 5 .64E-10* B.48E-10 1 .37E-09 2 .48E-09 
3.0E*03 4 .68E-118 1 .39K-I0* 2 . 0 7 E - 1 0 - 3 .89E-10* 6 .S0E-10* 9 . 2 7 E - 1 0 1 .47E-09 2 .61E-09 
3.5E*03 8 .S7E-11* 1.71E-10* 2 .47E-10* 4 .44E-10* 6 .99E-10 1 .01E-09 1 .57E-09 2 .73E-09 
4.0E»0J 1 .39E-10* 2 .07E-10* 2 . 9 1 E - 1 0 ' 5 .02E-10* 7 .72E-10 1 .10E-09 1 .68E-09 2 .86E-09 
4.5E*03 2 .07E-10* 2 .47E-10* 3 . 3 S E - 1 0 ' 5 .64E-10* 8 .48E-10 1-18E-09 1 .78E-09 3.0OE-09 
5.0B*03 2 .91E-10* 2 .91E-10* 3 .89E-10* 6 .30E-10* 9 .27E-10 1-28E-09 1 .69E-09 3 .13E-09 
5.5E*03 3 .89E-10* 3 .38E-10* 4 .44E-10* 6 .99E-10 1 .01E-09 1 .37E-09 2 . 0 0 E - 0 9 3 .27E-09 
6.0E»03 5.02E-1O* 3 .89E-10* 5 .02E-10* 7 .72E-J0 1 IOE-09 1 .47E-09 2 . 1 2 E - 0 9 3 .41B-09 
8.0E*03 1.10E-09 6 . 3 0 S - 1 0 * 7 .72E-10 1 .10E-09 1.47E-09 I . 8 9 E - 0 9 2 .61E-09 3 . 9 9 8 - 0 9 
1.0E»04 1 .69E-09 9 .27E-10 I . 10E-09 1.47E-09 1.B9E-09 2 .36E-09 3 .13E-09 4 .60E-09 
2.2E*04 2 .86E-09 1.2SE-09 1 .47E-09 1.89E-09 2 .36E-09 2 . 8 6 E - 0 9 3-69E-09 5 .24E-09 
1.4E«04 3 .99E-09 1 .68E-09 1 .89E-09 2 .36E-09 2 .96E-09 3 .41E-09 4 .29E-09 5.91E-C9 
1.62*04 5 . 2 4 S - 0 9 2 .12E-09 2 .J6E-09 2 .86E-09 3 .41E-09 1 .99E-09 4 .92E-09 6 .60E-09 
1.8E»04 6 .60E-09 2 .61E-09 2 . 8 6 E - 0 9 3.41E-C9 3 .99E-09 4.60E-O9 5 .57E-09 7 .32E-09 
2.0E*04 8 .06E-09 3 .13E-09 3 .41E-09 3 .99E-09 4 .60E-09 5 .24E-09 6 .25E-09 8 .06E-09 

Accuracy: • - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

E B i n = l.SE+03 ev, E,,^ * 2.0E+04 eV 

Taap. 
(aVj AO Al A2 A3 A4 A5 A6 

5000 . 43 .3317 1 .97188 .145699 - . 0 3 1 4 6 5 8 - . 00292157 9.87310E-O4 6 .S9233E-05 
6 0 0 0 . - 4 2 . 7 4 4 5 1.73787 .165098 - . 0 2 4 2 8 9 2 - . 0 0 4 0 6 7 0 0 7 .29676E-04 1.18519E-04 
8 0 0 0 . - 4 1 . 8 0 7 2 1 .40305 .177b79 - . 0125933 - . 0 0 4 7 2 1 0 4 2 .21088E-04 1.43982E-04 
10000. - 4 1 . 0 7 5 2 1 .17389 .175396 - . 00453799 - . 0 0 4 4 3 2 1 1 -1 .26246E-04 1.20206E-04 
12000. - 4 0 . 4 7 6 6 1 .00680 .167979 6 .55363E-0I - . 0 0 3 8 5 7 8 4 -3 .27456E-04 8 .43893E-05 
15000. - 3 9 . 7 4 6 4 .626616 .154121 .00577291 - . 0 0 2 9 4 6 7 0 -4 .58815E-04 3 .46633E-05 
20000 . - 3 6 . 8 1 4 0 .631796 .131790 .00946407 - . 0 0 1 7 4 3 9 8 - 4 . 7 7 1 4 6 1 - 0 4 - 1 . 7 8 1 2 5 E - 0 5 
Equal Taap. - 4 4 . 6 7 0 6 4 .27068 - . 6 8 5 7 1 2 .139921 - . 0 3 1 1 3 0 2 .00607', 34 -S .51332E-04 

See appendix for Chebyshev fit details. 
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. 2 * 
He* + He - > a 

Maxwellian - Maxwellian 

He Temp. 

(eV) 

A = 5 0 0 0 . 

Recommended 
Doto 

Chebyshev Fit 

Eqool Temp. 

Temp. (eV) 
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Slow Electron Production Rate Coefficients for 
fie + Be2* -> o' 

Beasi - Kaxwellian Rate Coefficients (CM /s) 

He2* 
Teap. Be Energy ( ev /aan) 
<ev) 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0C+00 1 .066-09 1.04B-08 6.65E-08 3.41E-08 5.31E-08 1.56E-07 1.34E-07 
2.06+00 1.606-09 1.00E-08 4.88E-0B 6.09E-08 9.79E-08 1.56E-07 1.34E-07 
4.0E+00 1.786-09 1.006-08 3.86E-08 7.70E-08 1.18F Zi 1.56E-07 1.34E-07 
7.0B+00 1.79E-09 1.00E-08 3.63E-08 8.04E-08 ' -206-07 1.S6E-07 1 .346-07 
1.0E+01 1.78E-09 1.00E-08 3.61E-08 8.07E-08 1.20E-07 1.56E-07 1.34E-07 
2.0B+01 1.78E-09 1.00E-08 3.60E-08 8.07E-08 1.2OE-07 1.56E-07 1.34E-07 
4.0E+01 1.79E-09 1.00E-08 3.60E-08 8.07E-08 1.20E-07 1.5SE-07 1.34E-07 
? .oe+oi 1 .796-09 1.00E-08 3.60E-08 8.07E-08 1.206-07 1.56E-07 1.34E-07 
i . oe+02 1.80E-09 l.ooe-oe 3.60E-08 8.06E-08 1.20E-07 1.56E-07 1.34E-07 
2.0B+02 1.83E-09 1.00E-08 3.60E-08 8.06E-08 1-20E-07 1.56E-07 1.34E-07 
4.0E+02 1.90E-09 i.oie-os 3.60E-08 8.06E-08 1.20E-07 1.566-07 1 .346-07 
7.0B+02 2.01E-09 1.03E-08 3.61E-08 8.06E-08 1-19E-07 1.55E-07 1.34E-07 
1.0E+03 2.13E-09 1.04E-08 3.62E-08 8.06E-08 1.19B-07 1.55E-07 1.34E-07 
2.06+03 2.S1E-09 1.09E-08 3.67E-08 8.09E-08 1.19E-07 1.55E-07 1.34E-07 
4.0E+03 3.27E-09 1.20E-08 3.79E-08 8.16E-08 1.19E-07 1.55E-07 1.34E-07 
7.0E+03 4.44E-09 1.37E-08 3.97E-08 8 .285-08 1.19E-07 1.54E-07 1.34E-07 
1.06+04 5.63E-09 1.54E-08 4.14E-08 8.38E-08 1.19E-07 1.S4E-07 1.34E-07 
2.0E+04 9.8SE-09 2.08E-08 4.70E-08 8.69E-08 1.19E-07 1.52E-07 1.34E-07 

Chebyshev fitting Parameters for Rate Coefficients 

E^j,, « 1.0B+00 ev, E , ^ - 2.0E+04 eV 

Erargy 
(•V/aam) AO Al A2 A3 A4 AS A6 

10000. -19.63*4 .794564 .31*341 .27546* -.01639*0 .03*6510 -.0302765 
20000. -36.53*5 .211533 .1*8617 .0914015 .0423640 .00564777 .00225)96 
40000. -13.9*10 -.0965962 .21761* - 0655465 .0766555 -.0163273 5.77974E-04 
70000. •32.0790 .25244* -.174234 159512 -.0904273 .0541651 -.022*943 
100000. -32.0*** .196302 -.17619* .14045* -.0957365 .0592674 -.0J19616 
200000. -J1.3593 -.00*726*7 -.00490001 -.00214295 -9.762241-04 -3.39591E-04 -1.96244E-04 
300000. -31.6466 -3.564*16-04 -2.64796E-04 -1.77709J-04 -1.07797E-04 -6.2S0S7E-05 -4.02042E-05 

See appendix for Chebyshev fit details. 
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Single and Double Ionization Cross Sections for IK • He Col l i s ions 

He 
Be 

Single Ionization 

He -> 
He -> Be 

Energy 
(ev/nw) 
1.5E+03 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
1.5E+04 
2.0E+04 
4.0E+04 
7.0E+04 
l.OB+05 
1.5E+05 
2.OE+05 
4.06+05 
7.0B+05 
1.0E+06 
1.5E+06 
2.0E+06 
2.4E+06 

Cross Section 
(cm2) 

2.72E-18 
2.85E-18 
3.41E-18 
4.73B-18 
5.96E-18 
8.1-E-1B 
1.10E-17 
2.92E-17 
1.28E-16 
1.85E-16 
2.09B-16 
2.05E-16 
1.50B-16 
1.03E-16 
8.17E-17 
6.10E-17 
4.97B-17 
4.46E-17 

Be2* • Be* • e 
Be2* + Be2* • 2e 

Double Ionization 

Energy Cross Section 
(ev/asu) C« 2> 
1.4E+04 4.43E-19 
1.5E+04 4.70B-19 
2.0E+04 6.21E-19 
4.0E+04 1.32E-18 
7.0E+04 2.76E-18 
L.0E+O5 6.06E-18 
1.4E+05 7.60E-18 
1.5E+05 7.50E-18 
2.0E+O5 6.65E-18 
4.0E+05 3.01E-18 
7.0E+0S 1.27E-18 
1.0E+06 7.13E-19 
1.5E+06 3.51E-19 
2.0E+06 2.53E-19 
2.7E+06 2.06E-19 

References; 148, 282, 381, 382, 383, 384, 387, 537, bZB, 540 

ftWtacY* °<*0 - 30% 
o(Be2*) - 50% 

Bote; The data of DuBois (Ref. 538) supercede earlier results (Ref. 282) due 
to recallbration of the slow recoil ion detector. These corrected data are 
consistent with those of Afroeisov et al. (Ref. 148), which define the low-
energy behavior of the cross section. 

Chebvshev fitting Parameters for Cross Sections 

0 ( H e 2 » ^in 
1.5E+03 ev/anu, 
1.4E+04 ev/amu; 

Bmax = 2.4B+06 ev/amu 
Bmax ' 2.7E+06 ev/ 

A0 Al A2 A3 K4 A5 A6 
o(He') -76.5996 1,88840 -.913101 -.705245 .237700 .295143 -.101724 
o(Be2*) -82.9537 -.441854 -1.49781 .0576939 .413751 -.0249295 -.0956323 

The fit represents the o(He') cross section with an rms deviation of 15.4%. 
The Maximum deviation is 44.5% at 4.0E+04 ev/amu. 
The fit represents the o[He2') cross section *ith an rms deviation of 8.4%. 
The maximum deviation is 18.4% at 7.OE+04 ev/amu. 

See appendix for Chebyshev fit details. 
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He2* + He - > He 2 + + He* + e a(He*) 
He2* + He - > He2* + He2* + 2e <r(He2*) 

10"V 

10" ,er 

^-»9 

10* 

Cross Section vs. Energy 
i i i m i | i n i | 1—i i i i n i l 1—i i i m i 

I I I Mi l l I • ' • " • • ' I 1 1 1 ! I 111 I ' l l m 

A = <j(He*) 

x = o(JHe2t) 

Recommended 
•Ooto 

- Chebyshev Fit 

10* itf icf 
Energy (eV/amu) 

107 
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Single Ionization Rate Coefficients for 

He2* + He -> He2* • He* + e 

Maxwellian - Maxwellian Rate Coefficients ( ca 3 / s ) 

tap. Equal H« T«ap. (•V) 
(•V) T***. 1000. 2000. 4000. 7000. 10000. 15000. 20000. 

l.OB*0i 2.02E-llf 2.02E-11# 5.26E-21f 1.2.'E-10* 2.21E-10* 3.23E-10 5.15E-10 7.50E-10 
1.5E»03 S.26E-llf 3.57E-1K 6.99E-11* 1.38E-10* 2.38E-10* 3.41E-10 5.36B-10 7.76E-10 
2.0E+03 8.72E-U* 5.26E-11* 8.72E-11' 1-55E-10* 2.54E-10* 3.59E-10 S.S8E-10 8.04E-10 
2.5E+03 1.21B-10* 6.99E-U* 1.04E-10* 1.7IB-10* 2.71E-10* 3.77B-10 S.80E-10 9.31E 10 
3.0E+03 1.5S2-10* 8.72E-U* 1.21E-10* 1.88E-10* 2.88E-10 3.96E-10 6.03E-10 B.60E-10 
3.5B+03 1. B8E-10* 1.04E-10* 1.38E--0* 2.04E-10* 3.06E-10 4.15E-10 6.26E-10 8.89E-10 
4.0E*03 2.21E-10* 1.2x8-10* 1.55E-10* 2.21E-10* 3.23E-10 4.34E-10 6.50E-10 9.19E-10 
4.5E+03 2.54E-10* 1.3SE-10* 1.7IE-10* 2.38E-10* 3.41E-10 4.54E-10 6.74E-10 9.50E-10 
5.0E»03 2.ME-10 1.55B-10* 1.88E-10* 2.54E-10* J.59E-10 4.74E-10 6.99E-10 9.B1E-10 
5.5E*03 3.23E-10 1.71E--0* 2.04E-10* 2.71E-10* 3.77E-10 4.94E-1Q 7.24B-10 1.01E-09 
6.0E+03 3.59E-10 1.88E-10* 2.21E-10* 2.88E-10 3.96E-10 5.15E-10 7.S0E-10 1.05E-09 
6.0B+03 S.lSE-10 2.54E-10* 2.88B-10 3.59E-10 4.74E-10 6.O3E-10 8.60E-10 1.19E-09 
1.0**04 6.99E-10 3.23E-10 3.S9E-10 4.34E-10 5.58E-10 6.99E-10 9.81E-10 1.34E-09 
1.2E*04 9.19E-10 3.96E-10 4.34E-10 5.I5E-10 6.5OE-10 8.04E-10 1.11E-09 1.S1E-09 
1.4B*04 1.19E-09 4.74E-10 5.15E-10 6.03E-:0 7.50E-10 9.19E-10 1.26E-09 1.69E-09 
1.6E*04 1.51E-C9 5.56E-10 6.03E-10 6.99E-10 8.60E-10 1.05E-09 1.42E-09 1.90E-09 
1.6E404 1.90R-09 6.50E-10 6.99B-10 8.04E-1O 9.81E-10 1.19E-09 1.60E-09 2.12E-09 
2.0B*04 2.36B-09 7.50E-10 9.04E-10 9.19E-10 i.llE-09 1.34E-09 1.79E-09 2.36E-09 

Accuracy: * -• Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

''rain = 1.0E+03 eV, E. max 2.0E+04 eV 

H* 
TMp. 
(•V) AO Al A2 A3 A4 A5 A6 

1000. -43.5517 1.76637 -.0538507 .0411721 .0121873 -.00162780 4.71335E-04 
2000. -44.8184 1.34639 .0940426 .0160336 .0100615 7.61162E-04 -5.25996E-06 
4000. -43.9954 .993020 .171815 .0181703 .00532378 .00150693 1.33413E-04 
7000. -43.2344 .780722 .188817 .0272646 .00407424 .00107015 2.333421-04 
:oooo. -42.6662 .678316 .186986 .0320032 .00435983 7.84218B-04 1.42277B-04 
15000. -41.6920 .586941 .178679 .0346782 .00461614 3.94S16E-04 -9.31127E-05 
20000. -41 2236 .538493 .169263 .0338729 .00410893 1.87221E-05 -2.357O9E-04 
Equal TM*>. -44.3188 2.21934 -.0710730 .154144 -.0123650 .00522272 -.00149471 

See appendix for Chebyehev fit details. 
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He2* + He - > He -H He+ + e 

Maxwellian — Maxwellian 

He Temp. 

(eV) 

A = 1000. 

0.0 2.5 7.5 10.0 12.5 15.0 17.5 20.0 
2+ He" Temp. (eV) 0C? 
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Single Ionization Rate Coefficients for 
He + He2* -> He* + He2* + e 

Be^n - Haxwellian Rate Coefficients (cm3/s) 

He2* 
Teap. 

1.0E+00 
2.0E+00 
4.0E+00 
7.OE+0O 
1.0E+01 
2.0E+01 
4.0E+01 
7.05+01 
1.0E+02 
2.0E+02 
4.0E+02 
7.0E+02 
1.0E+03 
2.0E+03 
4.0E+03 
7.OE+03 
1.0E+04 
2.0ET04 

10000. 
7.33E-11 
3.50E-10 
6.77E-10 
8.03E-10 
8.25E-10 
8.30E-10 
8.3IE-10 
8.33E-10 
8.35E-10 
8.40E-10 
8.5OE-10 
8.65E-10 
8.80E-10 
9.34E-10 
1.05E-09 
1.26E-09 
1.50E-09 
2.65E-09 

20000. 
1.69E-10 
9.12E-10 
1.78E-09 
2.1OE-09 
2.16E-09 
2.17E-09 
2.18E-09 
2.18E-09 
19E-09 
20E-09 
23E-09 
28E-09 

2.32E-09 
2.46E-09 
2.73E-09 
3.20E-09 
3.78E-09 
6.33E-09 

40000. 
9.57E-09 
9.31E-09 
8.43E-09 
8.17E-09 
8.16E-09 
8.18E-09 
8.22E-09 
8.26E-09 
8.30E-09 
8.40E-09 
8.57E-09 
8.79E-09 
9.01E-09 
9.68E-09 
1.10E-08 
1.30E-08 
1.48E-08 
2.04E-08 

He Energy (eV/aom) 
70000. 100000. ;'00000. 

1.61E-08 
3.37E-08 
4.44E-08 
4.66E-08 
4.68E-08 
4.67E-08 
4.66E-08 
4.64E-08 
4.63E-08 
4.61E-08 
4.59E-08 
4.57E-08 
4.56E-08 
4.56E-08 
4.61E-08 
4.71E-08 
4.81E-0R 
5.15E-08 

7.23E-08 
8.37E-08 
8.29E-08 
8.17E-08 
8.13E-0' 
8.10E-08 
8.09E-08 
8.08E-08 
8.08E-08 
8.06E-08 
8.04E-08 
8.01E-08 
8.00E-08 
97E-08 
95E-08 
94E-08 
94E-08 
99E-08 

7. 
7. 
7. 
7. 
7. 

27E-07 
27E-07 
27E-07 
27E-07 
27E-07 
27E-07 

1.27E-07 
1.27E-07 
27E-07 
27E-07 
27E-07 
27E-07 
26E-07 

1.26E-07 
1.26E-07 
1.25B-07 
1.24E-07 
1.23E-07 

500000. 

1.27E-07 
1.27E-07 
1.27E-07 
1.27E-07 
1.27E-07 
1.27E-07 
1.27E-07 
1.27E-07 

.27E-07 

.27E-07 

.27E-07 

.27E-07 

.27E-07 

.27E-07 

.27E-07 

.27E-07 
1.27E-07 
1.27E-07 

Chebvshev F i t t i n g Parameters for R^-.e C o e f f i c i e n t s 

^nin 1.0E+00 ev , max 2.0EMJ4 eV 

R* 
Energy 
(•V/am) AO Al A2 A3 A4 A5 A6 

1000C. -42.0879 1.05416 -.278168 .571603 -.178692 .163417 -.0427310 
20000. -40.2113 1.05217 -.325687 .576861 -.203701 .175474 -.0514200 
40000. -36.7712 .292755 .267604 .0744621 .0454617 .00691932 -.0124274 
70000. -34.0338 .300282 -.207456 .207032 -.108795 .0715453 -.0312105 
100000. -32.6844 .00402251 -.0177396 .0232129 -.0175932 .0185648 -.0137519 
200000. -31.7707 -.0135868 -.00673208 -.00257568 -7.31948E-04 -2.50136E-04 -2.83646E-05 
500000. -31.7621 -4.22604E-04 -3.26343E-04 -2.33365E-04 -1.51845E-04 -9.21185E-05 -5.63670E-05 

See appendix for Chebyshev f i t d e t a i l s . 
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Double Ionization Rate Coefficients for 
He • He 1* -> He 2* • He 1* + e 

Bean - Haxwellian Rate Coefficients (cm 3/s) 

He" 
Tewp. He Energy (eV/aau) 
(eV) 15000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 9.35E-J1 1.13E-10 1.86E-10 1.74E-09 1.73E-09 4.13E-09 2.09E-09 
2.0E+00 8 .19- : - l l 1.21E-10 3.04E-10 1.26E-09 2.49E-09 4.13E-09 2.09E-09 
4.0E+OO 8 . 0 / E - l l 1.22E-10 3.59E-10 1.05E-09 2.65E-C9 4.13E-09 2.09E-09 
7.0E*00 8 . '0B-11 1.22E-10 3.67E-10 1.02E-09 2.65E-09 4.13E-09 2.09E-09 
1.0E+01 8.01E-11 1.22E-10 3.67E-10 1.02E-09 2.65E-09 4.12E-09 2.09E-09 
2.0E+01 7.98E-11 1.22E-10 3.67E-10 1.02E-09 2.65E-09 4.12E-09 2.09E-09 
4.0E+01 7.81E-11 1.22E-10 3.68E-10 1.02E-09 2.64E-09 4.12E-09 2.09E-09 
7.0E+01 7.50E-11 1.23E-10 3.68E-10 1.02E-09 2.63E-09 4.11E-09 2.09E-09 
1.0E+02 7.25B-11* 1.23E-10 3.69E-10 1.03E-09 2.63E-09 4.11E-09 2.09E-09 
2.0E+02 6.79E-11* 1.23E-10 3.70E-10 1.03E-09 2.62E-09 4.10E-09 2.10E-09 
4.0E+O2 6.47E-11* 1.24E-10 3.73E-10 1.04E-09 2.60E-09 4.09E-09 2.10E-09 
7.0B+02 6.39E-11* 1.26E-10 3.76E-10 1.06E-09 2.59E-09 4.08E-09 2.10E-09 
1.0E+03 6.45E-11* 1.27E-10 3.79E-10 1.07E-09 2.58E-09 4.07E-09 2.1PE-09 
2.0E+03 6-87E-11* 1.30E-10 3.90E-10 1.11E-09 2.56E-09 4.05E-09 2.10E-09 
4.0E+O3 7.87B-11* 1.37E-10 4.10E-10 1,18E-09 2.5«E-09 4.01E-09 2.10E-09 
7.0B+03 9.41E-11* 1.52E-10 4.43E-10 1.26E-09 2.56E-09 3.97E-09 2.10E-09 
1.3E+04 1.10E-10* 1.69E-10 4.78E-10 1.34E-09 2.58E-09 3.94E-09 2.10E-09 
2.0E+04 1.66E-10* 2.34E-10 6.12E-10 1.54E-09 2.62E-09 3.84E-09 2.10E-09 

Accuracy: Possible Error Greater Than 10% 
Possible Error Greater Than 100% 

Chebvshev Fitting Pararoeters for Rate Coefficients 

-̂min 1.0E+00 eV, "max 2.0E+04 eV 

Ito 
Energy 
( •V /MU) AO Al A2 A3 A4 AS A6 

15000. - 4 6 . 3 3 1 2 .153224 .279715 .156829 .0725151 .0242560 .00705852 
30000 . - 4 5 . 4 1 1 7 .231412 .136166 .105906 .0379291 .0269022 .00177492 
40000 . - 4 3 . 4 1 5 6 .145707 - . 0276535 .185072 - . 0446587 .0604026 - . 0 1 6 3 1 9 0 
70000 . - 4 1 . 0 6 4 6 .0136654 .223879 - . 0 4 8 6 1 6 4 .0714513 - . 0 2 7 2 2 1 2 .00699619 
100000. - 3 9 . 6 2 2 0 .0622767 - . 0 8 3 4 3 0 5 .0811366 - . 0 4 9 2 2 6 5 .0366945 - . 0 2 3 9 5 4 5 
200000 . • 1 6 . 6 4 7 1 - . 0268702 - . 0 1 5 3 7 0 8 - . 0 0 6 3 4 6 3 4 - . 00248827 - 8 . 9 1 4 4 3 E - 0 4 - 4 33157E-04 
500000 . - 3 9 . 9 6 5 9 .00135586 6 .97190E-04 4 .16825B-04 1.05292E-04 -2 .66625E-05 - 6 55320E-05 

See appendix for Chebyehev fit details. 
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He + He2+ - > He2+ + He2* + e 

Beam — Maxwellian 

He Energy 

(eV/omu) 

A = 15000. 

x = 2 0 0 0 0 . 

V — 40000. 

* = 7 0 0 0 0 . 

4 =100000 . 

B = 2 0 0 0 0 0 . 

D = 500000. 

Recommended 
-Data 

Chebyshev Fit 

He" Temp. (eV) 
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Cross Sections for the Ionization of Li by Proton Impact 
H* • Li -> H* • Li' • e 

Energy 
(eV/amu) 

2.5E+04 
4.0B+C4 
7.0E+04 
1.0E+0S 
1.5E+05 
2.0E+05 
4.0E+05 
7.0E*05 
l.OE+06 
1.5E+06 
2.0E+06 
2.3E+06 

velocity 
(cm/s) 

2.20E+08 
2.78E+08 
3.68E+08 
4.39E+08 
5.38E+08 
6.21E+08 
8.78E+08 
1.16E+09 
1.39E+09 
1.70E+09 
1.96E+OS 
2.10E+09 

Cross Secti( 
(cm2) 

1.20E-15 
7.56E-16 
4.49E-16 
3.22E-16 
2.24E-16 
1.73E-16 
9.48E-17 
5.79E-17 
4.21E-17 
2.98E-17 
2.36E-17 
2.12E-17 

References t 232, 234, 737, 738 
Accuracy; 30% 
Bote: Cross sections for double ionization 
ionization may be found in Ref. 234. 

and electron transfer 

Chebvshev Fitting Parameters for Cross Sections 

E^,, = 2.5E+04 ev/amu, E,,^ = 2.3E+06 ev/amu 

A0 Al A2 A3 A4 A5 A6 
72.8380 -2.01716 .0360083 -.00414961 .00683897 .00418712 .00222666 

The fit represents the above cross paction with an rms deviation of 0.2%. 
The maximum deviation is 0.4% at 1.0E+06 eV/amu. 

See appendix for Chebyshev fit details. 
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H* + Li - > H+ + Li* + e 

10 .-•* 

3 
c o 
"o 
{/) 
w 
w 
e 

10" 

10' 16 

10 
.-17 

Cross Section vs. Energy 
- i — 1 1 1 1 1 1 1 • 1 1 1 H i — i — i — 1 1 1 1 i i 

_ u _ J 1 1 1 1 M i i • 1 1 1 1 H I i i i J . I i n 

104 

Recommended 
-Doto 

Chebyshev Fit 

Kf ICf 
Energy (eV/amu) 

10' 
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Ionization Rate Coefficients for 

Li • H* -> Li ' + H* • e 

Beaa - Kaxwellian Rate Coefficients (carVs) 

If 
Li Energy |eV/a**u) 

( ev ) 25000. 30000. 40000. 70000. 100000. 200000. 500009. 

1.0E+00 1.32E-07« > 2.41E-07 2.10E-O7 1.65E-07 1.41E-07 1.07E-07 7.65E-08 
2.OE+00 1.32E-07' 2.41E-07 2.10E-O7 1.65E-07 1.41E-07 1.07E-07 7.65E-08 
4.0E+00 1.32E-07< > 2.41E-07 2.10E-O7 1.65E-0? 1.41E-07 1.07E-07 7 .65E-08 
7.oe*oo 1.32E-K>7' > 2.41E-07 2.10E-O7 1.65E-07 1.41E-07 1.07B-07 7.65E-08 
I . O E + O I 1.32E-07-> 2.41E-07 2.10E-07 1.65E-07 1.41E-07 1.07E-07 7.65B-08 
2.06*01 1.32E-07< • 2.41E-07 2.10E-O7 1.65E-07 1.41E-07 1.07B-07 7.65E-08 
4.0B+01 1.32E-07' ' 2 .41E-07 2.10E-07 1.65E-07 1.41E-07 1.07E-07 7.65E-08 
7.0E+01 1.32E-07' » 2 .40S-07 2.10E-07 1.65E-07 1.42E-07 1.07B-07 7:65E-0e 
1.0E+O2 1.32E-07* » 2.37E-07 2.10E-07 1.65E-07 1.42E-07 1.07E-07 7.65E-08 
2.0E+02 1.32E-07' » 2.26E-07 2.19E-07 1.65E-07 1.41E-07 1.08E-07 7.65E-08 
4.0E+02 1.32E-07 • 2.07E-07* 2.10E-07 1.65E-07 1-42E-07 1.07E-07 7.65E-08 
7.0B+02 1.32E-07' • 1.91E-07* 2.08E-07 1.65E-07 1.42E-07 1.08E-07 7.64E-08 
l.oe+oa 1.32E-07' » 1.81E-07* 2.05B-07 1.65E-07 1.42E-07 1.08E-07 7.65E-08 
2.06*03 l,33E-07< » 1.66E-C7* 1.92E-07 1.65E-07 1.42E-07 1.0BE-07 7.65E-08 
4.0E+03 1.33E-07< • 1.54E-07* 1.75E-07* 1.645-07 1.42E-07 1.08E-07 7.64E-08 
7.0E+03 1.34E-07 • 1.47E-07* 1.63B-07* 1.59E-07 1.41E-07 1.08E-07 7 .ME-08 
1.0B+04 1.35E-07 • 1.44E-07* 1.55E-07* 1.55E-07 1.40E-O7 1.08E-07 7.64E-08 
2.0B+04 1.36E-07 ' 1.39E-07* 1.44E-07* 1.43E-07 1.35E-07 1.07E-07 7.63E-08 

Accuracy: Possible Error Greater Than 10% 
Possible Error Greater Than 100% 

Chebvshev F i t t ing Parameters for Rate Coef t ic lents 

B , , ^ - 1.0E+00 eV, E, ,^ • 2.0E+04 eV 

n 
mw9y 

| i V / m ) AC Al A2 A3 A4 A5 A6 

25000. -31.6*9* .011*97* .00739492 .00343790 .00119100 1.935930C-04 -1.149263f-04 
J0000. •30.»«*6 -.300*40 - 1027*7 .02655*6 .0J7S572* 4.40*7791-04 -.012*332 
40000. -10.9410 - .16436) -.104*16 -.0390710 .00300641 .014*191 .00*124*4 
T0000. -31.2792 -.0415*42 -.0337922 -.0234716 -.01)5013 -.0O5M597 -.00104044 
100000. -31.5510 -.013*519 -.0102584 -.OOM7341 -.00643162 -.0040039* -.00213914 
200000. -32.0915 3.7M109C- 04 -1.5179*lE-04 -J.574076E-04 -3.4356171-04 -2 . )6«*13t-04 -1.024141E-04 
500000. -12.773* -».3**920I- 04 -5.4174991-04 -1.069JOK-04 -2.075951E-O4 -1.59M1M-04 -•.14564IE-05 

See appendix for Chebyshev f i t d e t a i l s 
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Li + H + - > U + + H* + e 

Beam — Maxwellian 

i i i i ini|—i i i mi i |—r 111fnif—i i nin»|—i i i inn 27.5 

25.0 

22.5 

20.0 

17.5 

15.0 

12.5 

10.0 

7 5 ™ • ' » ' ' ' ' ' » t " 1 • • m i l 

Li Energy 

(eV/omu) 

A = 2 5 0 0 0 . 

x - 30000. 

? 2:40000. 

K =70000. 

• = 100000. 

O = 2 0 0 0 0 0 . 

O = 500000. 

Recommended 
Data 

Chebyshev Fit 

10" id itf io* io* ic? 
H* Temp. (eV) 
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Cross Sections for the Ionization of Li by He* Ions. 

Be' • Li -> He* • Li* • e 

Energy Velocity Cross Section 
ev/aau) (C«/s) (a*2) 

8.2E+03 1.26E+08 1.67E-15 
9.0E+03 1.32E+08 1.66E-15 
l.OE+04 1.39E+08 1.65E-15 
1.5E+04 1.70E*08 1.53E-15 
2.0E+04 1.96E+0B 1.38E-15 
2.SE+04 2.20E+08 1.17E-15 
3.0B+O4 2.41E+08 9.31E-16 
3.4E+04 2.56E+OS 7.58E-16 

References; 232, 739 
Accuracy: Unknown 
Botes: (1) The theoretical cross section of Tiwary et al- (Ref. 739) 
continues to increase at energies less than 10* eV/anu. (2) The 
experimental data of DuBois (Ref. 232) indicate a naxi»ua in the cross 
section at 10* eV/ami. 

Chebvshev fitting Parameters for Cross Sections 

t m i n =• 8.2E+03 ev/ami, E , ^ - 3.4E+04 eV/aau 

A0 Al A2 A3 A4 A5 A6 
-68.5495 -.358317 -.141101 -.0391361 -.00786217 .00262636 .00278367 

The fit represents the above cross section with an nas deviation of 0.0%. 
The waxl—i deviation is 0.1% at 2.5E+04 eV/anu. 

See appendix for Chebyshev fit details. 
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He* + Li - > He* + Li* + e 

Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 

15.0 20.0 25.0 
Energy (eV/omu) 

30.0 35.0 
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.!• Cross Sections for Ionization of Li by He ions 

Be2* • Li -> He2* • Li* + e 

Energy 
(eV/amu) 

6.6E+03 
7.0E+03 
1.0E+04 
1.5E+04 
2.0C+04 
2.4E+04 
4.0E+04 
7.0E+04 
1.0E+05 
1.5B+05 
2.06*05 
4.0E+05 
7.0E+05 
1.0E+06 
1.5E+06 

Velocity 
(cm/s) 

1.13E+08 
1.156+08 
1.39E+08 
1.70E+06 
.96E+08 
15E+08 
.78E+08 
.68E+08 
.39E+08 
.38E+08 
.21E+08 

8.78E+08 
1.16E+09 
1.39E+09 
1.70E+00 

Cross Section 
(c*2) 

1. 
2. 
2. 
3. 
4. 
5. 
6. 

5.62E-16 
6.85B-16 
.42E-15 
.77E-15 
.80E-15 
.06B-15 
.02B-15 
.86E-15 
.35E-15 
.43E-16 

7.36E-16 
4.01E-16 
2.51E-16 
1.84E-16 
1.28E-16 

1. 
2. 
3. 
4. 
3. 
1. 
1. 
9. 

References: 232, 234, 264, 731, 735, 737 
Accuracy; E > 2x10* ev/, 

E < 2x10* eV/, 
- 30% 
- Unknown 

•otest (1) The theoretical data of Shipsey, et al. (Ref. 264) have been 
used to extend the experimental data below 2x10 eV/amu. At higher energies 
the theoretical data of this paper are approximately 50% below the 
experimental data. (2) See Shah, et al. (Ref. 234) for double ionization 
and transfer ionization. 

Chebvshev Fitting Parameters for Cross Sections 

&min 6.6E+03 eVA max « 1.5E+06 eV/amu 

A0 Al 
-69.7410 -1.20403 

A2 A3 
-.864397 .480069 

A4 A5 A6 
-.171618 -.0181494 .0678290 

The fit represents the above cross sections with an rms deviation of 3.8%. 
The maximum deviation is 6.5% at 4.0E+04 eV/amu. 

See appendix for Chebyshev fit details. 
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He2* -r Li - > He2* + Li* + e 

Cross Section vs. Energy 
10" 

E 
3 
c .9 

w 
W 8 o 

10" 

T 1 I I I l l l | 1 1 I I l l l l | 1 r i I M i l l 1 1 I I I I I I 

1 0 " , e | — i - L -LUl l I • • • " " ' • > I I l l l l l I I I I l l l l 

Recommended 
•Data 

Chebyshev Fit 

K? 10* itf itf 
Energy (eV/amu) 

107 
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Ionization Rate Coet. cients for 

Li • He2* -> Li* • He2* + e 

Beaw - Maxwellian Rate Coefficients (ca'/s) 

He"* 
Teaip. Li Energy (ev/amu) 
(ev> 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+OO 1.97E-07 7.45B-07 8.39E-07 6.84E-07 5.93B-07 4 .57E-07 3.27E-07 
2.0E+00 1.97E-07 7.45E-07 8.39E-07 6.84E-07 5.93B-07 4 .57E-07 3.27B-07 
4.0E+00 1.97E-07 7.44E-07 8.3BE-07 6.04E-07 S.93E-07 4 .57E-07 3.27E-07 
7.0B+00 1.97E-07 7.44E-07 8.38E-07 6.84E-07 5.93E-07 4 .57E-07 3.27E-07 
1.0E+01 1.97B-07 7.43E-07 8.38E-07 6.83E-07 5.93E-07 4 .57E-07 3.27E-07 
2.0B+01 1.S7E-07 7.42E-07 8.37B-07 6.83E-07 5.93E-07 4 .*7B-07 3.27E-07 
4.0E+01 1.97E-07 7.40E-07 8.37E-07 6.83E-0? 5.93E-07 4 .57E-07 3.27E-07 
7.0B+01 1.9SE-07 7.39E-07 8.36E-07 6.83E-07 5.93E-C7 4 .57E-07 3.27E-07 
1.0E+02 1.98E-07 7.38E-07 8.36E-07 6.B3E-07 5.93E-07 4 .57B-07 3.27B-07 
2.0E+02 2.01E-07 7.35E-07 8.34E-07 6.&3K-07 5.93E-07 4 .57E-07 3.27E-07 
4.0E+02 2.06E-07 7.32E-07 8.32E-07 6.83E-07 5.93E-07 4 .57E-07 3.27B-07 
7.0E+O2 2.13E-07 7.28E-07 8.30E-07 6.83E-07 5.93E-07 4 .57E-07 3.27E-07 
1.0E+03 2.20B-07 7.23E-07 8.28E-07 6.83P-07 5.93E-07 4 .57E-07 3.27B-07 
2.0E+03 2.44E-07 7.12E-07 8.23E-07 6.82k-07 5.93E-07 4 .57E-07 3.27E-07 
4.0E+03 2.87E-07 6.95E-07 8.15E-07 6.82E-07 5.93E-07 4 .57E-07 3.27E-07 
7.0E+03 3.38B-07 6.81E-07 8.03E-07 6.81E-07 5.93E-07 4 .56E-07 3.27B-07 
1.0E+04 3.77E-07 6.72E-07 7.89E-07 6.79E-07 5.93E-07 4 .56E-07 3.27E-07 
2.0E+04 4.63E-07 6.57E-07 7.52E-07 6.72E-07 5.92B-07 4 .56E-07 3.27E-07 

Chebvshev Fitting Parameters tor Rate Coefficients 

^ i n 1.0E+00 eV, Emax 2.0E+04 eV 

Ll 
tiwrgy 
l i v / u n ) A0 Al A2 A3 A4 A5 A6 

10000. -30.4517 .363146 .21*566 .079796G . 105043*6 -.0143333 -.0104766 
20000. -2(1.2941 -.0176610 -.0273357 -.00612937 3 6K003E-04 .00260666 .00171669 
40000. -26.0291 - . 03*6370 -.0241107 -.0131556 -.00664902 -.00299352 -.00102071 
70000. -26.197* -.00)17514 -.0035645* -.00231958 -.00145196 -6.4673031-04 - 4 . .670646E-04 
100000. -26.6764 -J.661169E-04 -4.1061871-04 -3.73O240I-04 -2.606518I-O4 -1.7147931-04 - 7 , .710636E-05 
200000. -29.1978 -6.8147311-04 -6.1055311-04 -1.205126E-O4 -7.265731E-OS I.063444E-04 7 .2I6290E-06 
soooco. -29.0691 -1.6036561-04 -9.7796051-05 -3.6M455E-05 -5.564509E-06 2.962C54E-06 - 4 . .0297S2E-07 

See appendix for Chebysnev f i t de ta i l s . 



D-131 

Li + He" - > Li + + He2* + e 

Beam — Maxwellian 

10.0 I 1 i i mi i |—i i i i i i i i | 1 i i nni| 1 i i mi i | 1 i i mi l 

9.0 

8.0 

7.0 

6.0 

5.0 

1.0 

-® 

Li Energy 

(eV/amu) 

A — 10000. 

x = 2 0 0 0 0 . 

V = 4 0 0 0 0 . 

* = 7 0 0 0 0 . 

© = 100000. 

O = 2 0 0 0 0 0 . 

D = 500000. 

Recommended 
•Data 

Chebyshev Fit 

• • ' • ""' i i i m i l l t, i i u t i i l 1 i j i m i l i i i i i u i l 

io° id IO 2 io 3 104 ic? 
He" Temp. (eV) 



Projectile Electron Loss or Stripping Cross Sections 
(* denotes rate coefficient data also) 

Page 
H + H -> H+ + H + e -. E-2 
H(2s) + H ( l s ) -> H* + H + e E-4 
H + H2 -> H* + H2 + e E-6 
H(2s) + H2 -> H* + H2 + e E-8 
H + He -> H* + He + e E-10* 
H(2s) + He -> H* + He + e . . . . « E-14 

He + H -> He* + H + e E-16 
He + H2 -> He* + H2 + e E-18 
He + H2 -> He2* + H2 + 2e E-18 
He* + B 2 -> He or He* E-20 
He* + H2 -> He* + H2 + e E-20 
He* + H2 -> He + H2 E-20 
He + He -> He* + He + e . . E-22* 
He + He -> He 2 + + He + 2e E-22 

He* + H -> He2* + H + e E-28 
He* + H2 -> He 2 + + H2 + e E-30 
He* + He -> He2* + He + e E-32* 



E-2 

Projectile Electron Loss or Stripping Cross Sections for 
H + H -> H* + H • e 

Energy Velocity Cross Section 
(ev/anu) (cm/s) (cur) 
1.2E+03 4.81E+07 2.89E-18 
2.0E+03 6.21E+07 1.50E-17 
4.0E+03 8.79E+07 3.65E-17 
6.0E+03 1.08E+08 5.22E-17 
7.0E+03 1.16E+08 5.87E-17 
1.0E+04 1.39E+08 7.68E-17 
1.5E+04 1.70E+08 1.07E-16 
2.0E+04 1.96E+08 1.26E-16 
4.0E+04 2.78E+08 9.64E-17 
7.0E-I04 3.68E+08 7.35E-17 
1.0E+05 4.39E+08 5.98E-17 
1.5E+05 5.38E+08 4.49E-17 
2.0E+05 6.21E+08 3.57E-17 
4.0E+05 8.78E+08 1.96E-17 
7.0E+05 1.16E+09 1.27E-17 
1.0E+06 1.39E+09 9.67E-18 
l.SE+06 1.70B+09 7.08E-18 
2.0E+06 1.96E+09 5.76E-18 
3.5E+06 2.59E+09 3.88E-18 

References: 33, 34, 209, 296, 297, 298, 299, 300, 301 
Accuracy; 20% 
Mote; To our knowledge there are no known experimental ionization cross 
sections for H interacting with H atoms. 

Chebvshev Fitting Parameters for Cross Sections 

E,,,̂  - 1.2E+03 ev/amu, E,,,̂  = 3.5E+06 eV/arau 

A0 Al A2 A3 A4 A5 A6 
-77.1794 -.451408 -1.51760 .543975 -.0355154 .00258954 -.0750900 

The fit represents the above cross section with an rms deviation of 8.0%. 
The maximum deviation is 10.3% at 7.0E+03 eV/amu. 

See appendix for Chebyshev fit details. 
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E-4 

Projectile Electron Loss or Stripping Cross Sections for 
H(2s) • H(ls) -> H* + H • e 

Energy 
(ev/anu) 

5.0E+03 
6.0E+03 
7.0E+03 
8.0E+03 
9.0B+03 
0E+04 
5E+04 
0E+04 
OE+04 
0E+04 
OE+04 
OE+04 
0E+04 

8.OE+04 
9.0E+04 
l.GE+05 

Velocity 
(cm/s) 

9.82E+07 
1.08E+08 
1.16E+08 
.24E+08 
.32E*08 
.39E+08 
.70E+08 
.96E+08 
.41E+08 
.78E+08 
.11E+08 
.40E+08 
.68E+08 

3.93E+08 
4.17E+08 
4.39E+08 

Cross Section 
lam1) 

24E-16 
39E-16 
5IE-16 
62E-16 
69E-16 
75E-16 
95E-16 
94E-16 
60E-16 
29E-16 
10E-16 

1.99E-16 
1.91E-16 
1.84E-16 
1.79E-16 
1.74E-16 

References; 33, 285, 302 
Accuracy; Unknown 
Mote; The experimental data of Hill, et al. (Ref. 33) have been 
extrapolated from 20 keV/amu to 100 keV/amu using the theoretical data of 
Abrines and Percival (Ref. 235), and Prasad and unnikrishnan (Ref. 302). 
In the energy range of overlap the experimental and theoretical data agree 
to within 25%. 

Chebvshev fitting Parameters for Cross Sections 

=yiin 5.0E+03 ev/arau, "max 1.0E+05 eV/amu 

AO Al A2 A3 A4 A5 A6 
-72.0121 -.164818 -.174972 .0460650 ,0293401 -.00879104 -.0113468 

The fit represents the above cross section with an rms deviation of 0.4%. 
The maximum deviation is 0.5% at 4.OE+04 eV/aimi. 

See appendix for Chebyshev fit details. 



E-5 

H(2s) + H - > H* + H + e 
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E-6 

Projectile Electron Loss or Stripping Cross Sections tor 
H • H 2 -> H* • H 2 • e 

Energy 
(eV/aau) 

6.0E+01 
7.0E*01 
1.0E+02 
1.56+02 
2.0E+02 
4.0E+02 
7.0E+02 
.0E+03 
.5E+03 
.0E+03 
.0E+03 
.0E+03 
.OE+04 
.5E+04 
-OE+04 
.OE+04 
.3E+04 

1.0E+05 
1.5E+05 
2.0E+05 
.0E+05 
.0E+05 
.0E+06 
.SE+06 
.0E+06 
.0E+06 
.OE+06 
.OE+07 
.5E+07 
0Et07 

4. 
7. 
1. 
1. 
2. 
4. 
7. 
1. 
1. 
2 

Velocity 
(os/s) 

1.08E+07 
1.16E+07 
1.39E+07 
70E+07 
96E+07 
78E+07 
68E+07 
39E+07 
38E+07 
21E+07 

8.79E+07 
1.16E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.78E+08 
3.75E+08 
4.39E+08 
5.38E+08 
6.21E+08 
8.78E+08 
1.16E+09 
39E+09 
70E+09 
96E+09 
77E+09 
65E+09 
36E+09 

5.32E+09 
6.11E+09 

Cross Section 
(at2) 

1.17E-19 
1.91E-19 
5.24E-19 
1.37E-18 
2.39E-18 
8.32E-18 
2.09E-17 
3.37E-17 
5.08E-17 
6.36E-17 
8.63E-17 
9.09E-17 
9.21E-17 
.06E-16 
.36E-16 
.54E-16 
.34E-16 

1.10E-16 
8.61E-17 
7.04E-17 
4.20E-17 
2.63E-17 
1.91E-17 
.30E-17 
.74E-18 
.60E-18 
.46E-18 
.65E-18 
.02E-18 

7.34B-19 

1. 
9. 
4. 
2. 
1. 
J. 

References; 26, 27, 28, 29, 31, 33, 37, 45, 47, 49, 51, 143, 269, 270, 
296, 298, 299, 301, 303, 304, 305, 306, 307, 308, 310, 313, 
315, 316, 321 

*cc"racv; 30% 
Bote; Many Investigators have been involved in these measurements. 
Consequently there is large scatter in the data, but most of the 
measurements are within the quoted accuracy of 30%. 

Chebvshev Pitting Parameters for Cross Sections 

^win 6.0E+01 eV/amu, *T»X 2.0E+07 eV/amu 

A0 Al A2 Ai A4 A5 A6 
-79.0892 .346403 -3.04496 ,508490 -.0758661 .108006 .0059)450 

The fit represents the above cross section with an rms deviation of 10.7%. 
The maximum deviation is 29.8% at 1.0E+04 eV/ai»u. 

See appendix for Chebyshev fit details. 



E-7 

H + ^ - > H* + H2 + e 
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Cross Section vs. Energy 
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E-8 

Projectile Electron Loss or Stripping Cross Sections for 
Kj2s) • H 2 -> H* • H : • e 

Energy Velocity Cross Secti 
icm2) (ev/amu) jcm/s) 

Cross Secti 
icm2) 

5.0E+02 3.116*07 6.14E-17 
7.OE+02 3.68E*07 1.09E-16 
1.0E+03 4.39E+07 1.90E-16 
1.5E+03 5.38E+07 2.89E-16 
2.0E+03 6.21E+07 3.33E-16 
4.0E+03 8.79E+07 4.05E-16 
7.0E+03 1.16E+08 4.36E-16 
1.0E+04 1.39E+08 4.50E-16 
1.5C+04 1.70E+08 4.63E-16 
2.0E+04 1.96E+08 4.76E-16 
4.0E+04 2.78E+08 4.00E-16 
7.OE+04 3.68E+08 3.00E-16 
1.0E+05 4.39E+08 2.48E-16 
1.5E+05 5.38E+08 1.95E-16 
2.0E+05 6.21E+08 1.59E-16 
4.0R+05 8.78E+08 9.56E-17 
5.0E+05 9.82E+08 8.13E-17 

References; 27, 33, 306, 326, 327, 328, 329, 331, 332 
Accuracy: 50% 
Mote; Due to the uncertainties in Measuring the H(2e) metastable fraction, 
the errors in Measuring the cross sections may be large. 

Chebvshev Fitting Parameters for Cross Sections 

E^,, - 5.0E+02 ev/amu, E w a x « 5.0E+05 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-72.3651 -.0686522 -.939077 .160670 -.0746703 .0714502 -.00310738 

The fit represents the above cross section with an rms deviation of 3.2%. 
The maximum deviation is 7.0% at 7.0E+02 eV/amu. 

See appendix for Chebyshev fit details. 



E-9 

H(2s) + H2 - > H* + H2 + e 
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E-1C 

P r o j e c t i l e Electron Loss or Str ipping Cross S e c t i o n s for 

H * H e - > H * * H e * e 

Energy V e l o c i t y Cross Section 
ev/amu) (Cm/S) (cm*) 

5.0E*01 9.82E+06 2.25E-19 
7.0E*01 1.16E+07 5.27E-19 
1.0E+02 1.39E+07 1.08E-18 
2.0E+O2 1.96E+07 3.40E-18 
4-0E»02 2.78E+07 9.54E-18 
7.06*02 3 :68E+07 2.06E-17 
1.0E+03 4.39E+07 3.31E-17 
2.0E+03 6.21E+07 6.83E-17 
4.06^03 8.79E+07 1.07E-16 
7.0E+O3 1.16E+08 1.28E-16 
1.06+04 1.39E+08 1.33E-16 
2.06+04 1.96E+08 1.J0B-16 
4.06+04 2.786+08 1.21E-16 
7.06+04 3.686+08 1.05E-J6 
1.06+05 4.39E+08 8.776-17 
2.06+05 6.21E+08 5.41E-17 
4.06+05 8.78E+08 3.12E-17 
7.06+05 1-16E+09 1.91E-17 
l . oe+06 1.39E+09 1.38E-17 
2.06+06 1.96E+09 7.20E-18 
4.06+06 2.77E+09 3.68E-18 
7.06+06 3.65E+09 2.13E-18 
1.06+07 4.36E+09 1.49E-18 
2.06+07 6 .UE+09 7.316-19 

References; 26, 27, 28, 29, 47, 49 , 51 , 103, 268, 269, 270, 286, 287 296, 
299, 300, 303, 307, 309, 313, 314, 316, 317, 318, 319, 320, 
321, 322 

Accuracy; 15% 

Motes: Vone 

Chebvshev F i t t i n g Parameters for Cross S e c t i o n s 

6 , ^ - 5.0E+01 ev/amu, E,^^ - 2.0E+07 ev/amu 

A0 Al A2 A3 A4 AS A6 

-79.0638 .107432 -2 .86460 .477451 .0989948 - .0319510 - .0136705 

The f i t represents the above c r o s s s e c t i o n with an rms d e v i a t i o n of 4.7%. 
The maximum dev ia t ion i s 9.9% at 2.0E+04 ev/amu. 

See appendix for Chebyshev f i t d e t a i l s . 



E-11 

H + He - > H+ + He + e 
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E-12 

Projectile Electron Loss or Stripping Rate Coefficients for 
H + He -> H* • He • e 

Max-wellian - Maxwel l ian Rate Coefficients (cmVs) 

a 
T«Bp. Equal B« T«*p. («V) 
««V) T u p . 10. IOC. 500 . 1000. 5000. 10000. 2 0 0 0 0 . 

1.0E»01 7 .2SE-13I 2 . 2 9 5 - 1 3 8 6 . 1 0 E - 1 2 ' 1 .09E-10 3.69E-10 3 .81E-09 7 .66E-09 1 .30E-08 
2 . 0 5 * 0 ! 2 . 5 3 5 - 1 2 ' 1 .66E-12* 1.10E-11 1.25E-10 3.94E-10 3 .84E-09 7 .69E-09 1 .30E-08 
4 .05*01 1.40E-11 9 .69E-12 2 .48E-11 1 .60E-10 4.47E-10 3 .91E-09 7 . 7 4 5 - 0 9 1 .30E-08 
6 .05*01 3 .35E-11 2 .28E-11 4 .34E-11 1 .986 -10 5 .01E-10 3 .98E-09 7 .80E-09 1 .31E-08 
8.0E«01 6 . 0 3 5 - 1 1 4 . 0 8 5 - 1 1 6 . 6 4 E - I 1 2 .40E-10 5.58E-10 4 .05E-09 7 .85E-09 1 .31E-08 
1.05*02 9 . 3 8 5 - 1 1 6 .33E-1I 9 .38E-11 2 .84E-10 6 .16E-10 4 .12E-09 7.9CS-09 I . 3 I E - 0 8 
2 . 0 5 * 0 2 3 . 4 4 5 - 1 0 2 .35E-10 2 . 8 4 E - 1 0 5 .43E-10 9 .27E-10 4 .46E-09 8 .16E-09 1 .33E-08 
4.0E*02 1 .095 -09 7 .76E-10 8 .47E-10 1 .J8E-09 1.62E-09 5 .12E-09 8 . 6 7 5 - 0 9 1 .36E-08 
6-05*02 1 .975 -09 1 .45E-09 1 .53E-09 1 .885 -09 2.34E-09 5 .76E-09 9 . 1 5 5 - 0 9 1 .40E-08 
8 .05*02 2 .88E-09 2 . I 6 E - 0 9 2 . 2 5 5 - 0 9 2 .61E-09 3.06E-09 6 . . 6 E - 0 9 9 . 6 2 5 - 0 9 1 .43E-08 
1.05*03 3 . 7 7 5 - 0 9 2 .89E-09 2 .97E-09 3 .33E-09 3 .77E-09 6 .95E-09 1 .015 -08 I . 4 6 E - 0 8 
2 . 0 5 * 0 3 7 .64E-09 6 .22E-09 6 . 2 9 5 - 0 9 6 .58E-09 6 .95E-09 9 .50E-09 1 . 2 1 5 - 0 8 1 .60E-08 
4 .05*03 1 .305 -08 1.11E-08 1 . I2E-03 1.14E-08 1.16E-08 I.34E-O0 1 .53E-08 1 .83E-08 
6 .05*03 1.66E-08 1.46E-08 1.46E-08 1 .485 -08 1.49E-08 1 .63E-08 1 . 7 8 5 - 0 8 2.03E-OB 
8 .05*03 1 .935-06 J .72E-08 1 .725 -08 1.73E-08 I .75E-08 1.86E-08 1 .98E-08 2 . 1 9 5 - 0 8 
i . o e » 0 4 2 . 1 5 5 - 0 8 1.93E-08 1.94E-0B l . M E - 0 8 1.96E-08 2 .0SE-08 2 .15E-08 2 . 3 3 E - 0 8 
1 .55*04 2 . 5 5 5 - 0 8 2 .33E-08 2 . 3 3 5 - 0 8 2 . 3 4 5 - 0 8 2.35E-08 2 .41E-08 2 .48E-08 2 . 6 1 E - 0 8 
2 .05*04 2 . 8 1 5 - 0 8 2 .61E-08 2 .61E-08 2 .61E-08 2 .62E-03 2 .66E-06 2 .71E-08 2 . 8 1 E - 0 8 

Accuracy: Possible Error Greater Than 10% 
Possible Error Greater Than 100% 

Chebvshev Fitting Parameters for Rate Coefficients 

^in 1.0B+01 eV, ^max 2.0E+04 eV 

Ha 
T m p . 
(•V) A0 M A2 A3 A4 A5 A6 

10. - 44 .0257 5 .73463 - 1 . 2 1 9 3 2 .0247503 - . 0292957 .0619373 - . 0 2 1 9 4 3 8 
100. - 4 2 . 5 5 8 5 4 .48698 - . 4 4 6 2 5 7 - . 3 3 0 8 7 9 .0961671 .0257605 - . 0 1 3 7 0 5 8 
500 . - 4 0 . 6 3 7 3 3 .03270 .121804 - . 3 4 4 6 8 4 .00515230 .0559208 - . 0 0 8 1 3 6 7 0 

luOO. ' 3 9 . 6 3 6 4 2 .34972 .269827 - . 2 5 8 7 9 1 - . 0 4 4 0 9 1 8 .0450062 .00550612 
5300 . - 3 7 . 3 6 5 8 1.00814 .315318 - . 0 2 8 9 3 9 2 - . 0 5 4 3 9 8 8 - . 0 0 7 0 4 9 2 3 .00822057 

10000. - 3 6 . 5 4 9 0 .622335 .247753 .0221122 - . 0 2 8 6 1 5 0 - . 0 1 1 0 7 0 2 4 .392S19E-04 
20000 . - 3 5 . 6 6 1 4 .357047 .168697 .0373094 - . 0 0 6 0 9 4 2 4 - . 0 0 9 6 1 6 0 2 - . 0 0 1 0 7 0 6 0 
Equal T m p . - 4 3 . 5 9 9 5 5 .66872 - 1 . 3 9 4 4 3 .109372 - . 0 5 7 0 8 2 9 .0766441 - . 0 3 4 9 9 9 5 

See appendix for Chebyshev fit details. 



E-13 

H + He - > H+ + He + e 
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Projectile Electron Loss or Stripping Cross Sections for 
H(2s) + He -> H* + He • e 

energy 
(ev/amu) 

Velocity 
(cm/s) 

Cross Section 
(cm2) 

OE+02 
OE+02 
0E+03 
5E+03 
OE+03 
OE+03 

7.OE+03 
1.0E+04 
5E+04 
OE+04 
0E+04 
0E+04 
0E+05 
5E+05 
0E+05 
0E+05 
OE+05 

3.11E+07 
3.68E+07 
.39E+07 
.38E+07 
.21E+07 

8.79E+07 
1.16E+08 
.39E+08 
. 70E+08 
.96E+08 
.78E+08 
.68E+08 
.39E+08 
.38E+08 
.21E+08 

8.78E+08 
9.G~E+08 

4. 
5. 
6. 

1. 
1. 
1. 
2. 
3. 
4. 
5. 
6. 

3.08E-17 
8.29E-17 
.37E-16 
.94E-16 
.39E-16 
.28E-16 
.42E-16 
.42C-16 
.32E-16 
.07E-16 

2.23E-16 
1.61E-16 
1.26E-16 
9.97E-17 
8.78E-17 
6.97E-17 
6.72E-17 

References; 29, 324, 326, 327, 329, 332 
Accuracy; 50% 
Bote; Due to the uncertainties in measuring the H(2s) metastable fraction 
the errors in Measuring the cross section may be large, for energies less 
than 1 keV/amu the data should by used with caution. 

Chebvshev fitting Parameters for Cross Sections 

^in 5.OE+02 eV/amu, *ma* 5.0E+05 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-73.2008 -.0752112 -.927667 .363861 -.0349147 .08236627 -.0565338 

The fit represents the above cross section with an rms deviation of 2.6%. 
The maximum deviation is 4.8% at 1.5E+03 eV/amu. 

See ippendix for Chebyshev fit details. 
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H(2s) + He - > H + + He + e 

•s-15 
Cross Section vs. Energy 

E 
& 
c q 

'•*-> o <v 
I/O 
</> 
o 
u 

Recommended 
Doto 

Chebyshev Fit 

10J 10* itf 
Energy (eV/amu) 
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Projectile Electron Loss or Stripping Cross Sections for 
He • H -> He* • H + e 

Energy Velocity Cross Section 
(ev/anu) (cm/s) (cm2) 

5.0E+04 3.11E»08 1.56E-16 
6.0E+04 3.40E+08 1.42E-16 
7.0E+04 3.68E+08 1.31E-16 
8.0E+04 3.93E+08 1.23E-16 
9.0E+04 4.17E+08 1.15E-16 
1.0E+05 4.39E+08 1.09E-16 
1.5E+05 5.38E+08 8.49E-17 
2.0E+05 6.21E+08 6.87E-17 
3.0E+05 7.61E+08 4.80E-17 
4.0E+05 8.78E+08 3.68B-17 
5.0E405 9.82E+08 2.93E-17 
6.0E+C5 1.08E+09 2.44E-17 
7.0E+05 1.16E+09 2.07E-17 
8.0E+05 1.24E+09 1.85B-17 
9.0E+05 1.32E+09 1.65E-17 
1.0E+06 1.39E+09 1.49E-17 
1.2E+06 1.52E+09 1.23E-17 

References: 301, 398 
Accuracy: 15% 
Botes; None 

Chebyshev Fitting Parameters for Cross Sections 

Emin = 5.0E+04 eV/amu, E ( n a x = 1.2E+06 eV/amu 

A0 Al A2 A3 A4 AS A6 
-75.0809 -1.28466 -.136342 .022920 .0144810 -.00700300 -.00377068 

The fit represents the above cross section with an rms deviation of 0.4%. 
The maximum deviation ie 1.3% at 7.0E+05 eV/amu. 

See appendix for ChebyBhev fit details. 
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He + H - > He* + H + e 

Cross Section vs. Energy 

o 
c 
.2 
'•*-> 

<v 
00 
</) 

o 
v. 

u 

Recommended 
Data 

Chebyshev Fit 

10 icf icr 
Energy (eV/amu) 

10 



Single and Double Projectile Electron Loss or Stripping Cross Sections for 
He • H 2 -> He f H : t e a c : 

He * H r -> He2* • H- • 2e o0-. 

(a0l) io02) 

Energy Cross Sect ion Energy Cross Section 
(ev/amu) (cm2) (ev/amu) (cm2) 

5.0E+O2 9.96E-19 5.0E+04 2.59E-18 
7.0E+02 2.13E-18 6.0Et04 3.14E-18 
1.0E+03 4.68E-18 7.0C+04 3.51E-18 
1.5E+03 9.24E-18 B.0E+04 J.78E-18 
2.0E+03 1.33E-I7 9.0E+04 3.98E-18 
4.0E+03 2.73E-17 1.0E+05 4.07E-16 
7.0E+03 4.26E-17 1.2E+05 4.10E-18 
1.0E+04 5.33E-17 I.5E+05 3.93E-18 
1.5E+04 6.75E-17 2.0E+05 3.46E-18 
2.0E+04 7.93E-17 3.0E+05 2.44E-18 
4.0E+04 1.11E-16 4-0E+O5 1.75E-18 
7.0E+04 1.27E-16 5.0E+05 1.31E-18 
l.CE+05 1.23E-16 6.0E+05 1.09E-18 
1.5E+05 1.08E-16 7.0E+05 9.38E-19 
2.0E+05 9.38E-17 8.0E+05 8.21E-19 
4.0E+05 6.08E-17 
7.0E+05 4.01E-17 
1.0E+C6 3.00E-17 

References: (Sinale Stripping) 94, 97, 99, 102, 103, 143, 198, 3( 
399, 400, 401, 402, 403, 404, 403, 406, 
407, 408, 409 

(Double Stripping) 400, 405 
Accuracy: cci - 15% 

<702 - Unknown 

Mote8: (1) The stripping cross sections are measured in two ways: (a) by 
the attenuation of the He beam in the H2 gas cell; (b) by the formation of 
He*. The attenuation method gives the sum of the single and double 
stripping cross sections. Since the double-stripping cross section is at 
least a factor of 30 less than that for single-stripping, the two methoas 
give the same cross sections within the measurement errors. (2) The data 
for double stripping do not permit an error evaluation. 

Chebvshev Fitting Parameters for Cross Sections 

"01 
? 02 

^min 
Emin 

5.0E+02 eV/amu, 
5.0E+04 eV/amu, "max 

Emax 
1.0E+06 ev/amu 
8.0E<05 eV/amu 

A0 Al A2 A3 A4 A") A6 
.0231543 °01 -76.579) 1.58478 -1.39956 .05)1448 -.0845579 .0891012 

"02 -81.3267 -.669570 -.425168 .0911177 .02565J7 .00757867 -.00546826 

The fit represents the ^0. cross section with an rms deviation of 2.5%. 
The maximum deviation in 5.4* at I.UEH)?. eVaimi. 
The fit represents the ir,2 cross section with an rms deviation of 0.7%. 
The maximum deviation is l.B% at 5.0Ef05 fV/amu. 
See appendix for Clwhyshev fit details. 
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He + H - > He* + H + e a 
He + H, - > He3* + H2 + 2e a 02 

-.-15 
Cross Section vs. Energy 

Recommended 
Data 

Chebyshev Fit 

10' 10* 1(f 
Energy (eV/amu) 
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Total Hetastable Destruction, Electron Stripping, and De-excit«ion 
Cross Sect ions for 

He* + H 2 -> He or He* (t^) 
Be* • H 2 -> Be* • H2 * e (oc-j) 
He* • H 2 - - He * H ; (<?0.0) 

energy 
(ev/asu) 
1-8E+03 
2-OE+03 
4.0E+03 
7.0E+03 
8.4E+03 
1.0E+04 
1.5E+04 
2.0E+04 
4.06*04 
7.0E*04 
1.0E*05 
1.2E+05 

(cm') 

72B-16 
94E-16 
16E-16 
49E-16 
63E-16 
S4E-16 
69E-16 

5.98E-16 
4.32E-16 
3.13E-16 
2.49E-16 
2.26E-16 

Eneigy o 
(ev/amu) (cm2) 

<"o»o 

2.5EM/3 
4.0E+O3 
7.0E+03 
8.6E+03 
1.0E+04 
1.5E+04 
2.0E*04 
4.0E*04 
7.0E+04 
1.0E+05 
1.3E+05 

2.34E-16 
3.81E-16 
5.41E-16 
5.53E-16 
5.48E-16 
4.88E-16 
4.43E-16 
3.38E-16 
2.66E-16 
2.23E-16 
1.90E-16 

Energy o 
(eV/amu) (cm 2 ) 

6 . 3E*03 2 .09E-16 
/.0E*O3 2 .09E-16 
1.0E+04 Z.01E-16 
l .5E*04 1.77E-16 
2.PE+04 1.52E-16 
4.0E+04 8 .20E-17 
7 .08*04 3.66E-17 
1.0E+05 1.84E-17 
1.2E+05 1.J1E-17 

Beferences: 102, 198, 402, 408, 410, 411, 412. 413, 414, 415, 416 
Accuracy: 50% 

(1) Tawara (Ref. 102) has listen the excited state lifetimes for He as; 
5.6x10"-° sec; (b) Vv - 1.05xl0"T sec; (c) 2's - 0.14 sec; (d) 2 JS - ic' fates: 

<•) 2*P 
sec. (2) o* - 0O-i * <"o-o- (3) Benton, et al. 
cross sections of the triplet metastable state to be 6.0x10'"cm" at thermal 
energies. For electron stripping cross sections of other excited states see 
Pedersen (Ref. 414). 

(Ref. 412) found the total destruction 
""as 2 

Chebvshev Fitting Parameters for Cross Sections 

oi f^in - 1.8E>03 eV/amu, E^,„ 
«"""••*• ^ i n " 2>5B*03 ev/amu, E,,^ 
oo-o "Vln ' 6-3C+03 ev/amu, E,,^ 

1.26*05 eV/amu 
1.1B+05 eV/amu 
1.2E+05 eV/amu 

A0 
-70.7481 
-71.3457 
-74.1810 

Al 
-.310880 
-.218099 
-1.38382 

A2 
— 437183 
-.407518 
-.434191 

A3 
.0856561 
.142300 
.0390903 

A4 
.022.775 
.0331160 
.00312428 

A5 
-.0286798 
-.0270893 
-.00143317 

A6 
.0139816 
.0189680 

.000970525 

The fit represents the oj cross uection with an rms deviation of 0.6%. 
The maximum deviation is 0.6% at I.8E+03 ev/amu. 
The fit represents the CF0M cross section v.ith an rms deviation of 0.5%. 
The maximum deviation is 0.9% at 1.5E*04 ev/amu. 
The fit represents tSw Jo«o cross section with an rms deviation of 0.0%. 
The maximum deviation is 0.1% at 7.0E»04 ev/amu. 

Sec appendix for ChebyBhev fit details. 



E-2I 

He" + H - > He+ + H a + e (a-,) 
He* + H2 - > He + H a (a o V> 

10" t t ! r - i - r - r 

Cross Section vs. Energy 

10 . -»« 

10' 17 

i i i r i 1 1—i—i i i 11 

_l I—I J...-1. I l l l I I L. I I I 1,11 I I • i i i • ' 

A = Total 

Recommended 
-Data 

Chebyshev Fit 

1(f 10* icf 
Energy (eV/amu) 

Kf 
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Single and Double Projecti le Electron Loss or Stripping Cross Sections for 

H e + H e - > R e * * H e * e (o 0 l> 
He • He -> He2* • He • 2e (ooj) 

<»oi <H»2 

Energy Cross Sect. 
(csTf (ev/anu) 

Cross Sect. 
(csTf 

5.0E+01 1.19E-19 
7.0E+01 2.30E-19 
1.0E+02 3.40E-19 
1.5C+02 4.19E-19 
2.0E+O2 4.37E-19 
4.OE+02 1.37E-18 
7.0E+02 3.36E-18 
1.0C+03 5.79E-18 
l . » H » 3 1.07E-17 
2.OE+03 1.64E-17 
4.0E+03 3.77E-17 
7.0E+O3 5.37E-17 
1.0E+04 6.74E-17 
1.5E+04 S.16E-17 
2.0E+04 9.21E-17 
4.0E+04 1.08E-16 
7.0E+04 1.00E-16 
1.0E+05 9.31E-17 
1.5E*05 8.37E-17 
2.0E+05 7.40E-17 
4.0E+05 4.89E-17 
5.0E+05 4.18E-17 

Energy Cross S e c t i o n 
(ev /a«u) ( C M 2 ! 

5.0E+04 3 .92E-18 
7.0E+04 5 .00E-18 
1.0E+05 5 .85E-18 
1.5E+05 5 .04E-18 
2.0E+05 3 .83E-18 
4.0E+05 1.72E-18 
7.0E+05 8 .71E-19 
1.0E+06 5 .50E-19 

References; ool 

Accuracy; 

002 

97, 99, 103, 198, 304, 316, 399, 400, 401. 404, 405, 407, 
408, 410, 465, 466, 467, 468, 469, 470, 471 
94, 400, 401, 405, 470, 471 

0 0 1 E > lx l0 J eV/anu - 20* 
E < lxlO 3 ev/asu - 100* 

002 100* 

_^__ Host of the data have been taken for a Mixed bea 
metastable states of incident He. 

of ground state and 

"01 
»02 

"01 
»02 

^ . i n " 
S i i n ' 

5.0E+01 eV/asiu, Zmax ' 5.0E+05 eV/ami 
5.0Et04 ev/amu, f ^ - 1.0E»06 ev/Mmi 

A0 AI A2 A3 A4 A5 
t 

A6 

-78 .6347 
-81 .2673 

3.20546 
-1.09626 

-1 .37570 - .359168 .188553 - . 0115646 
-.438191 .146687 - .0102958 - .0324691 

- . 0973845 
.0197680 

The f i t represents the ooi cross section with an rms deviation of 10.2*. 
The Maximal deviation i s 32.7* at 2.0E*02 ev/amu. 

The f i t represents the e>oj c ioss section with an rms deviation of 0 .1*. 
The max!must deviation i s 0.2* at 2.0E«05 ev/amu. 

gee appendix for Chebyehev f i t deta i l s . 



He + He - > He* + He + e (a ) 
He + He - > He2* + He + 2e (a 0 2) 

v - e 
Cross Section vs. Energy 

10 C—i—i i i mil 1—i i i m i | 1—i i n i i i | 1—i i I I I I I I 1—i i i in ; 

1Cf*r 

10 
-17 

10' •18 

10" 19 i min i i • ' "mi i i i uuii i i i uinl i i i inn 

x = a 

Recommended 
•Doto 

Chebyshev Fit 

10' 10 2 103 10* 1C? 
Energy (eV/amu) 

10° 
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Single Projecti le Electron Loss or Stripping Rate Coeffirients for 

He + He -> He* • He • e 

Maxwellian - Haxwellian Rate Coefficients (cw 3 /s) 

TM*. Equal He Trap. (*V) 
(•»! Tnp. 10. 100. 500. 1000. 5000. 10000. 20000. 

l.0E»0l 2.S6E-16* 2.56E-168 9.95E-13* 1.S1E-11 5.98E-11 1.13E-09 2.96E-09 6.52E-09 
2.0E*01 3.S5E-14I 6.78E-158 1.19E-12* 1.58E-11 6.13E-11 1.14E-09 2.96E-09 6.52B-09 
«-0E*01 4.65E-13* 9.72E-148 1.59E-12* 1.70E-11 6.34E-11 1.14E-09 2.97E-09 6.53B-09 
6.0E«01 1.19E-12* 3.17E-13* 2.02E-12* 1.83E-I! 6.59E-U 1.15E-09 2.90E-09 6.54E-09 
8.0E»01 2.021-12* 6.30E-13* 2.46E-12* 1.96E-'.I 6.8SE-11 1.16E-09 2.98E-09 6.54E-09 
1.0E*02 2.93E-12' 9.95E-13* 2.93E-12* 2.10E-U 7.10E-U 1.17E-09 2.99E-09 6.SSE-09 
2.Of 02 9.61E-12 3.17B-12* 5.75E-12 2.8SE-11 8.46E-11 1.20E-09 3.03E-09 6.58E-09 
4.0C»02 3.73E-11 1.01E-H 1.47E-11 4.74E-I1 1.15E-10 1.27E-09 3.10E-09 6.65E-09 
6.0K*02 8.46E-1I 2.17E-11 2.85E-1I 7.10E-11 1.5*E-10 1.34E-09 3.I8E-0S 6.72E-09 
8.3E-02 1.S0E-10 3.83E-U 4.74E-11 9.93E-11 I.88E-10 1.41E-09 3.25E-09 6.78E-09 
1.0E*03 Z.31E-10 5.98S-11 7.10E-11 1.32E-10 2.31E-10 1.48E-09 3.32E-09 6.85E-09 
2.0E*03 7.94B-10 2.33E-IO 2.53S-10 3.50E-10 4.S7E-10 1.85E-09 3.69E-09 7.18E-09 
4.0E»03 2.21E-09 7.97E-10 8.27E-10 9-60E-16 1.13E-09 2.58E-09 4.42E-C9 7.83E-09 
6.01*03 1.69E-09 1.49E-09 1.52E-09 1.67E-09 1.85E-09 3.32E-09 5.13E-09 8.47E-09 
8.0B»03 S.13E-09 2.22E-09 2.25E-09 2.40E-09 2.S8E-09 4.06E-09 S.83E-09 9.08E-09 
l.0E*04 6.52E-09 2.96E-09 2.99E-09 3.I4E-09 3.32E-09 4.77E-09 6.52E-09 9.69E-09 
1.5E»04 9.69E-09 4.78E-09 4.8IE-09 4.95E-09 S.I3E-09 6.52E-09 B.15E-09 1.11E-06 
2.0E*04 1.25E-08 6.52E-09 6.55E-09 6.68E-09 6.85E-09 8.I5E-09 9.69E-09 1.25E-08 

Accuracy: * - Possible Error Greater Than 10% 
• - Possible Error Greater Than 100% 

Chebvshev Fitting Paraweters for Rate Coefficients 

^ i n 1.0E+01 ev. enax 2.0E+04 eV 

u 
(•V) AO Al A2 A3 A4 AS A6 

10. -51.7583 8.06294 -1.24558 .480900 -.345667 .00166045 .0989086 
100. -47.7268 4.71689 .727833 -.356780 -.114711 .0401620 .0326103 
$00. -45.2262 3.19352 .872249 -.155633 -.153319 .00295441 .0304174 
1000, -43.7465 2.41881 .806169 -.0302189 -.122890 -.0208521 .0205933 
sooc. -40.0684 .892001 .435779 .111572 -.00729485 -.0179717 -.00576743 
10000. -38.6577 .504603 .274535 .0948483 .0137433 -.00755328 -.00472901 
20000. -37.3817 .261777 .152417 .0618891 .0157868 5.99102E-04 -.00183208 
Equal Ta«p. -49.6803 7.93762 -1.58981 .635046 -.579197 .290394 -.0450460 

See appendix for Chebyshev f i t de ta i l s . 
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He + He - > He* + He + e 

Maxweilian - Maxweilian 

10 e 1—r i i i i i i | 1—i i i u i i | 1—i i i n i l ) 

Recommended 
Data 

Chebyshev Fit 

Equal Temp. 

10 icr io' 
He Temp. (eV) 
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Siagle Projectile Electron Loss or Stripping Rate coefficients 
He • He -> He' + He + e 

for 

Bean - Maxwellian Rate Coefficients (cm'/s) 

He 
Temp. He Energy (ev/amu) 
(eV) 10000. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 8.89E-09 2.37E-08 3.00E-08 3.68E-08 4.09E-08 4.60E-08 2.05E-08* 
2.0E+00 9.34E-09 1.90E-08 3.00E-08 3.S7E-08 4.09E-08 4.59E-08 2.05E-08# 
4.0E+00 9.36E-09 1.81E-08 3.O0E-O8 3.67E-08 4.09E-08 4.60E-0B 2.05E-08I 
7.0E+00 9.35E-09 1.81E-08 3.00E-08 3.67E-08 4.09E-08 4.60E-08 2.05E-08I 
1.0E+01 9.35E-09 1.81E-08 3.00E-08 1.67E-08 4.09E-08 4.59E-08 2.05E-08# 
2.0E+01 9.35E-09 1.81E-08 2.99E-08 3.67E-0& 4.09E-08 4.59E-0B 2.05E-08I 
4.0E+01 9.35E-09 1.81E-08 2.99E-08 3.67E-08 4.09E-08 4.59E-08 2.05E-08I 
7.0E+01 9.35E-09 1.81E-08 2.99E-08 3.67E-OB 4.09E-08 4.59B-08 2.05E-08I 
1.0E+02 9.36E-09 I.80E-06 2.99E-08 3.67E-08 4.09E-08 4.53E-08 2.05E-08* 
2.0E+02 9.38E-09 1.80E-08 2.98E-08 3.67E-08 4.09E-08 4.59E-08 2.05E-08I 
4.0E+02 S.43E-09 1.81E-08 2.97E-08 3.67E-08 4.09E-08 4.59E-08 2.04E-088 
7.0E+02 9.51E-09 1.81E-08 2.97E-08 3.67E-08 4.08E-08 4.58E-08 2.04E-08I 
1.0E+03 9.60E-09 1.81E-08 2.96E-08 3.67E-08 4.08E-08 4.58E-08 2.04E-08I 
2.0E+03 9.91E-09 1.83E-08 2.95E-08 3.67E-08 4.08E-08 4.57E-08 2.03E-08t 
4.0E+03 1.05E-03 1.86E-08 2.95E-08 3.67E-08 4.08E-08 4.57E-08 2.02E-08I 
7.0E+03 1.14E-08 1.91E-08 2.95E-08 3.68E-08 4.08E-08 4.55E-08 2.01E-08I 
1.0E+04 1.22E-08 1.96E-08 2.95E-08 3.68E-08 4.08E-08 4.55E-08 2.00E-08# 
2.0E+04 1.46E-08 2.11E-08 2.98E-08 3.69E-08 4.08E-08 4.52E-08 1.98E-08I 

Accuracy: * - Possible Error Greater Than 10% 

Chebvshev Fitting Parameters for Rate Coefficients 

^in 1.0E+00 eV, "max 2.0E+04 eV 

Energy 
(«v/aau) A0 Al A2 A3 A4 A5 A6 

10000. -36 . .8050 .170883 .101708 .0672106 .0156617 .0105796 - . 0 0 3 5 6 3 8 4 
20000. -35 . .537* - . 0 1 3 1 8 7 9 .0937563 - . 0 2 3 5 6 5 7 .0434438 - .0195503 .0142526 
40000. - 34 . .6583 - .00778924 6 .32056E-04 .00349830 .00265169 .00125371 4 .62226E-04 
70000. -J4 . .2378 9 .38356E-04 .00134041 9.62664E-04 4 .310 72E-04 6 .92929E-05 - 2 . 3 I 3 8 6 E - 0 5 
100000. -3« . .0260 -6 .94332E-04 3.47489E-05 2.89415E-04 6 .86603E-05 - 2 .08349E-05 - 8 . 0 9 0 4 3 E - 0 5 
200000. -33 . .799* - .00708522 - . 00341665 - . 00168503 - 3 . . 16686E-04 - 3 .0425IE-04 1 .04496E-04 
500000. -35 , .4225 - .0144815 - . 0 0 7 4 6 5 3 4 - . 00291476 - 9 . 54856E-04 - 2 . .93045E-04 - 9 . 7 6 5 7 8 E - 0 6 

See appendix for Chebyshev fit details. 
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He + He - > He* + He + e 

Beam — Maxwellian 

55.0 

50.0 

45.0 
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20.0 ie 

15.0 

10.0 

«fi 

He Energy 

(eV/omu) 
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E-2B 

Electron Projectile Loss or Stripping Cross Sections for 
He' + H -> He2* • H + e 

Energy Velocity Cross Sect 
(eV/amu) (OB/S) (cm2) 

1.2E+04 1.52E+08 1.66E-19 
1.5E+04 1.70E+08 4.71E-19 
2.0E+O4 1.96E+08 1.15E-18 
4.0E+04 2.78E*08 7.03E-18 
7.0E+04 3-68E+08 1.11E-17 
1.0E+05 4.39E+08 1.04E-17 
1.5E+05 5.38E+08 9.34E-18 
2-0E+05 6.21E+08 8.17E-18 
4.0E+05 8.78E+08 5.26E-18 
7.0E+05 1.16E+09 3.63E-18 
9.0E+O5 1.32E+09 3.04E-18 

References; 301, 476 
Accuracy: 20% 
Motes: Hone 

Chebvshev Fitting Parameters tor Cross Sections 

B^,, - 1.2E+04 ev/amu, E , ^ = 9.0E+05 ev/amu 

AO Al A2 A3 A4 A5 A6 

-80.7839 1.04755 -1.36971 .441034 -.0292764 -.0527228 .0184479 

The fit reprerents the above cross section with an rms deviation of 4.3% 
The maximum devation is 8.7% at 2.0E+04 eV/antu. 

See appendix for Chebyshev fit details. 
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He+ + H - > He2+ + H + e 
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E-30 

Projectile Electron Loss or Stripping Cross Sections for 
He* • H 2 -> He2* • H2 * e 

Energy 
(eV/amu) 

OE+03 
.OE+03 
, OE+04 
5E+04 
OE+04 
OE+04 
.OE+04 
.OE+05 
3E+05 
5B+05 
, OE+05 
. OE+05 
.0E+05 
5E+05 

Velocity 
(cm/s) 

9.82E+07 
1.16E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.78E+08 
68E+08 
39E+08 
01B+08 
38E+08 
21E+08 

8.78E+08 
1.16E+09 
1.35E+09 

Cross Section 
(cm2) 

1.29E-19 
1.99E-19 
3.25E-19 
6.18E-19 
1.06E-18 
5.77E-18 
1.45E-17 
2.02E-17 
2.16E-17 
2.16E-17 
1.85E-17 
1.13E-17 
7.81E-18 
6.29E-18 

References: 94, 96, 97, 100, 101, 296, 301, 464, 476, 478 
Accuracy: E < 3x10' eV/amu - 40% 

E > 3x10* ev/amu - 20% 

notes: Hone 

Chebvshev Fitting Parameters for Crose Sections 

E m i n = 5.OE+03 eV/amu, E m a x •= 9.5E+05 eV/amu 

AO Al A2 
-80.9631 2.17474 -1.29222 

A3 A4 A5 A6 
.291348 .317779 .0620566 -.0993825 

The fit represents the above cross section with an nns deviation of 2.3%. 
The maximum deviation is 5.1% at 2.OE+04 eV/amu. 

See appendix for Chebyshev fit details. 



E-31 

He* + H2 - > He2 + + H2 + e 

Cross Section vs. Energy 
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B-32 

Cross Sections for Projectile Electron IJOSS or Stripping for 
He* Passing Through Helium 

He* + He -> He2* * He + e 

Energy Velocity Cross Sect 
(ev/amu> (cm/s) (cm2) 

3.5E+03 8.22E+07 2.63E-19 
4.0E+03 8.79E+07 3.68E-19 
7.0E+03 1.16E+08 1.02E-18 
1.0E+04 1.39E+08 1.64E-18 
1.5E+04 1.70E+08 2.74E-18 
2.0E+94 1.96E+08 3.87E-18 
4.0E+04 2.78E+08 8.89E-18 
7.0E+04 3.68E+08 1.67E-17 
1.0E+05 4.39E+08 2.14E-17 
1.5E+05 5.38E+08 2.35E-17 
1.7E+05 5.73E+08 2.36E-17 
2.0E+05 6.71E+08 2.34E-17 
4.0E+05 8.78E+08 1.69E-17 
7.0B+05 1.16E+09 1.07E-17 
1.0E+06 1.39E+09 7.73E-18 
1.5E+06 1.70E+09 5.21E-18 
2.0B+06 1.96E+09 3.91E-18 
4.0E+06 2.77E+09 1.98E-18 

References; 94, 96, 97, 101, 296, 375, 471, 477, 480, 481, 483, 485, 486, 
487, 488, 489, 490, 491, 492, 493 

Accuracy: 20% 
Motes: Hone 

Chebyshev Fitting Parameters for Cross Sections 

E_, n - 3.5E+03 ev/amu, £_.„ - 4.0E+06 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-80.4254 .937124 -1.62973 .00297670 .154841 .0696031 -.0892584 

The fit represents the above cross section with an rms deviation of 1.6%. 
The maximum deviation is 3.5% at 4.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 



E-33 

He* + He - > He 2 + + He + e 
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E-31 

Projecti le Electron Loss or Stripping Rate Coefficients for 

He • He* -> He2* • He • e 

Beam - Maxvellian Rate Coefficients [cm / s ) 

He* 
Te«p. He Energy ' (eV/amu) 
(ev) 10O0O. 20000. 40000. 70000. 100000. 200000. 500000. 

1.0E+00 2.93E-10 1.20U-09 8.75E-10 4.39E-09 1.06E-08 1 . 4 * P - 0 8 1.38E-08 
2.0E+00 2.38E-10 8.92E-10 1.82E-09 5.65E-09 9.9OE-09 1 .4bt 08 1.38E-08 
4.0E*00 2.28E-IO 7.71E-10 2.J<»E-09 5.99E-09 9-37E-09 1.45E-08 1.38E-08 
7.0E+00 2.28E-10 7.60E-10 2.47E-0? 6.09E-09 9.37E-09 1.4SE-08 1.38E-08 
1.0E+01 2.28E-10 7.61E-10 2.47E-09 6.12E-09 9.38E-09 1.45E-08 1.38E-08 
2.0E+01 2.28E-10 7.61E-10 2.47E-09 6.13E-09 9.38E-09 1.45E-08 1.38E-08 
4.0E+01 2.28E-10 7.62E-10 2.47E-09 6.12E-09 9.38E-09 1.45E-08 1.38E-08 
7.0E+01 2.29E-10 7.63E-10 2.47E-09 6.12E-09 9.37E-09 1.45E-08 1.38E-08 
1.0E+02 2.30E-10 7.64E-10 2.47E-09 6.12E-09 9.36F-09 1.45E-08 1.38E-08 
2.0E+O2 2.32E-10 7 . 6 7 B - 1 0 2.48E-09 6.11E-09 9.35E-09 1.45E-08 1.38E-C8 
4.0E+02 2.36E-10 7.74E-10 2.49E-09 6.10E-09 9.34E-09 1.45E-08 1.33E-08 
7.0E+02 2.43E-10 7.85E-10 2.50B-09 6.10E-09 9.32E-09 1.44E-08 1.38E-08 
1.0E+03 2.50E-10 7.96E-10 2.52E-09 6.11E-09 9.31E-09 1.44E-08 1.38E-08 
2.0E+03 2.72E-10 8.32E-10 2.57E-09 6.13E-09 9.29E-09 I .44E-08 1.38E-08 
4.0E+03 3.19E-10 9.05E-10 2.68E-09 6.19E-09 9.29E-09 1.43E-08 1.36E-08 
7.0E403 3.92E-10 1.02E-09 2.83E-09 6.28E-09 9.30E-09 1.42E-08 1.38E-08 
1.0E+04 4.70E-10 1.13E-09 2.99E-09 6.38E-09 9.32E-09 1.42E-08 1.38E-08 
2.0E+04 7.54E-10 1.52E-09 3.46E-09 6.67E-09 9.41E-09 1.40E-0q 1.38E-08 

Chebvshev Fitt ing Parameters for Rate Coefficients 

E w i n = 1.0E+00 ev, E m a x = 2.0E*04 eV 

EMrgy 
( •V/««u) A0 AI A2 A3 A4 A5 A6 

I0000 . - 4 3 . 8 4 4 2 .378813 .344057 .105569 .0867559 - . 0 0 8 2 1 3 0 0 .0129056 
20000. - 4 1 . 9 8 9 6 .123902 .270872 .0115805 .0887436 - . 0 1 6 1 5 1 9 .0126729 
40OOC. - 2 9 . 7 8 3 5 .385155 - . 145042 .223297 - . 0998296 .0753339 - . 0 3 2 6 9 8 0 
70000. - 3 7 . 8 8 2 7 .110612 - . 0 4 9 3 7 0 5 .0701363 - . 0 3 0 9 0 0 8 .0252250 - . 0 1 2 9 2 0 6 
100000. - 3 6 . 9 3 8 2 - . 0 3 7 4 3 2 5 .0312796 - . 0 1 8 6 1 1 6 .0166110 - . 0 0 6 2 8 4 8 6 .00207752 
200000. - 3 6 . 1 1 3 2 - . 0 1 4 9 8 4 8 - . 00760145 - . 0 0 2 8 0 0 2 9 - 8 . 6 I 4 7 9 E - 0 4 - I . 6 9 4 9 J E - 0 4 - 3 . 2 0 1 4 2 E - 0 5 
500000. - 3 6 . 1 9 3 7 -5 .70799E-04 -4 .55366B-04 - 3 . 4 4 ! l O E - 0 i - 2 .36175E-04 - 1 . 4 7 2 4 6 E - 0 4 - 9 . 1 9 3 7 6 6 E - 0 5 

See appendix for Chebyshev fit details. 
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He + He* - > He + He + e 

Beam — Maxwellian 
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P. E lec tron Detachaent Cross S e c t i o n s 

Page 

H - + H - > H + H + e F-2 
-> (H + H + e ) or (H + H") F-2 
-> H* + H + 2e F-4 

H" + H* -> H + H+ + 2e F-6 
H" + H2 -> H + H2 + e F-8 

-> H* + H2 + 2e F-10 
H" + He -> H + He + e F-12 

-> H+ + He + 2e F-14 

He" + H -> He + H + e F-16 
He" + H2 -> He + H2 + e F-18 

-> He+ + H2 + 2e F-18 
He" + He -> He + He + e F-20 

-> He* + Ae + 2e F-20 

Li" + H2 -> Li + H2 + e F-22 
-> Li* + H2 + 2e F-22 

Li" + He -> Li + He + e F-24 
-> L i + + He + 2e F-24 



r-2 

Cross Section for Single Electron Detachment 
and Total B° Formation from H" on H 

H " * a - > H + H * e 
H" • H -> (H + H • e) or (H • H") [Total H Prod.) 

H • H • e Total H prod. 
Energy Cross, Section Energy Cross Sect 

(cm2) (eV/amu) (CK2 (ev/aau) 
Cross Sect 

(cm2) 

1.1E+02 8.656-16 6.0E+01 6.646-15 
2.06+02 1.286-15 7.06*01 6.756-15 
4.06*02 1.44E-15 1.06*02 6.796-15 
7.06*02 1.396-15 1.56*02 6.486-15 
1.06*03 1.32E-15 2.06*02 6.116-15 
1.56*03 1.19E-15 4.OE+02 4.926-15 
2.06*03 1.116-15 7.06*02 3.836-15 
4.06*03 1.01E-15 1.06+03 3.136-15 
7.06*03 9.756-16 1.56*03 2.45E-15 
1.06*04 8.72E-16 2.06*03 2.036-15 
1.56*04 7.18E-16 4.06+03 1.266-15 
2.06*04 6.266-16 7.06*03 1.016-15 
4.0e*04 4.25e-16 1.06*04 8. 746-16 
7.06*04 2.906-16 1.56*04 7.18E-16 
1.06*05 2.216-16 2.06*04 6.266-16 
1.5E+05 1.61E-16 4.OE+04 4.256-16 
2.06*05 1.27E-16 7.0E+04 2.906-16 
4.0e*05 7.046-17 1.06+05 2.21E-16 
7.0E+05 4.246-17 1.56+05 1.61E-16 
1.06*06 2.996-17 2.0e+05 1.276-16 
1.5E*06 2.09E-17 4.06+05 7.04E-17 
2.0E+06 1.59E-17 7.OE+05 4.24E-17 
4.06*06 8.23E-18 1.06+06 2.99E-17 

1,56+06 2.09E-17 
2,06+06 1.59E-17 
4.0E+06 8.216-18 

References: 162, 281, 301, 395, 524, 525, 554, 555 
Accuracy-. 30% 
Bote. Data for total H° formation represent the mm of the crccc sections for 
collislonal detachment and charge exchange. The charge exchange contribution is 
negligible at energies above 10 kev/amu. 

Chebvshev Fitting Parameters fur Cross Sections 

H • H • e t m l n - 1.1E+02 eV/amu, E „ - 4.0E+06 eV/amu 
Total H Prod. EjJJjn - 6.0E+01 eV/amu, 6 ^ x - 4.0E+06 ev/amu 

AO Al A2 A3 A4 A5 A6 
H • H • e -72.0699 -2.47924 -.916325 .0886530 .0175392 .0545278 -.0645320 
Total H Prod. -70.7835 -3.41032 -.545568 .00370195 -.0606176 .0839778 .00626877 
The fit represents H + H • e cross section with an rms deviation of 2.7%. 
The maximum deviation is 6.4% at 2.0Et03 eV/amu. 
The fit repreents Total H Prod, cross section with an r.iia deviation of 1.7%. 
The maximum deviation is 12.4% at 4.0B+0) ev/amu. 

See appendix (or Chebyshev fit details. 



F-3 

H~ + H - X H + H + e) or (H + H") 
h f + H - > H + H + e 

Cross Section vs. Energy 
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F-4 

Cross Sections for Double Electron Detachment of H" in H 

H" + H -> H* • H • 2e 

Energy velocity Cross Section 
(eV/amu) (cm/s) (cm2) 

1.3E+03 5.89E+07 3.11E-18 
2.0E+03 6.21E+07 3.57E-18 
4.0E+03 8.79E+07 9.35E-18 
7.0E+03 1.16E+08 1.50E-17 
1.0E+04 1.39E+08 1.77E-17 
1.5E+04 1.70E+08 1.87E-17 
2.0E+04 1.96E+08 1.85E-17 
4.0E+04 2.78E+08 1.43E-17 
7.0E+04 3-68E+08 9.40E-18 
1.0E+05 4.39E+03 6.79E-18 
1.5E+05 5.38E+08 4.61E-18 
2.0E+05 6.21E+08 3.51E-18 
3.0E+05 7.61E+08 2.50E-18 

References; 524, 525 
Accuracy: 20% 
Bote; There is only one set of experimental measurements. 

Chebvshev Fitting Parameters for Cross Sections 

E ^ - 1.8E+03 ev/amu, B,,^ - 3.0E+05 eV/amu 

A0 Al A2 A3 A4 AS A6 

-79.0633 -.259790 -.938476 .154218 .0364114 .00411484 .00724986 
The fit represents the above cross section with an rms deviation of 0 
The maximum deviation is 1.3% at 2.0E+03 eV/amu. 

See appendix for Chebyshev fit details. 



F-5 

H" + H - > H* + H + 2e 
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Cross Section vs. Energy 
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F-6 

Cross Sections for Single Electron Detachment of H" Colliding with H* 

H" • H* -> H + H* *• e 

Energy 
(eV/amu) 

Velocity 
(cm/s) 

8E+03 
OE+03 
OE+03 
OE+03 
OB+03 
OE+03 

8.OE+03 
9.OB+03 
OE+04 
5E+04 
OE+04 
CE+04 
OE+04 
OE+04 
OE+04 
OE+04 

7.35E+07 
7.61E+07 
8.79E+07 
9.82E+07 
1.08E+0«J 
1.16E*08 
1.24E+08 
1.32E+08 
1.39E+08 
. 70E+08 
.96E+08 
.41E+08 
.78E+08 
,11E*08 
-40E+08 

1. 
1. 
2. 
2. 
3. 
3. 
3.68E+08 

Cross Section 
(cm2) 

3.99E-16 
6.57E-16 
1.55B-15 
2.24E-15 
2.73E-15 
3.11E-15 
3.40E-15 
3.64E-15 
3.82E-15 
4.23E-15 
4.18E-15 
3.88E-15 
3.51E-15 
3.19E-15 
2.92E-15 

References: 69, 569, 572, 573 
Accuracy: 40% 
note: Accuracy taken from the only experimental data available. 
Theoretical calculations presented by Fussen and Claeys (Ref. 572), and 
Ermolaev (Ref. 573) agree very well with experimental data. 

Chebvshev Fitting Parameters for Cross Sections 

Emin = 2.8E+03 eV/amu, E m a x = 7.OE+04 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-67.3879 .650676 -.658353 .211309 -.0972717 .0547639 -.0359904 

The fit represents the above cross section with an rms deviation of 2.6%. 
The maximum deviation is 5.7% at 2.8E+03 eV/amu. 

See appendix for Chebyshev fit details. 
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H~ + H - > H + H + e 
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F-8 

Cross Sections for Single Electron Detachment of H" in H 2 

H" + H 2 -•> H • H 2 + e 

Energy 
(ev/amu) 

3E+00 
QE+OO 
OE+00 
OE+01 
5E+01 
OE+01 
OE+01 
OE+01 
OE+02 
5E+02 
OE+02 
OE+02 
OE+02 
OE+03 
4E+03 
OE+03 
OE+03 
OE+03 
OE+04 
5E+04 
OE+04 
OE+04 
OE+04 
OE+05 
5E+05 
OE+05 
OE+05 
OE+05 
OE+06 
5E+06 
OE+06 
OE+06 
0E+06 
0E+07 
5E+07 
7E+07 

Velocity 
(cm/s) 

2.11E+06 
2.78E+06 
3.68E+06 
4.39E+06 
5.3eE+06 
6.21E+06 
8.79E+06 
1.16E+07 
1.39E+07 
1.70E+07 
1.96E+07 
2.78E+07 
68E+07 
39E+07 
20E+07 
21E+07 

3. 
4. 
5. 
6. 
8.79E+07 

16E+08 
39E+08 
70E+08 
96E+08 
78E+08 
68E+08 
39E+08 
38E+08 
21E+08 

8.78E+08 
1.16E+09 
1.39E+09 
1.70E+09 
1.96E+09 
2.77E+09 
3.65E+09 
4.26E+09 
5.32E+09 
5.65E+09 

Cross Section 
(cm7) 

8.91E-17 
1.92E-16 
3.18E-16 
3.68E-16 
4.14E-16 
4.28E-16 
4.15E-16 
4.36E-16 
4.80E-16 
5.60E-16 
6.29E-16 
8.41E-16 
1.00E-15 
1.06E-15 
1.10E-15 
1.13E-15 
1.14E-15 
1.09E-15 
1.02E-15 
9.24E-16 
8.36E-16 
6.33E-16 
4.82E-16 
3.95E-16 
3.06E-16 
2.51E-16 
1.43E-16 
9.02E-17 
6.43E-17 
4.41E-17 
3.29E-17 
1.55E-17 
8.13E-18 
5.16E-18 
1.17E-18 
2.72E-18 

References; 27, 32, 82, 269, 299, 301, 303, 3^7, 321, 395, 513, 514, 515, 
516, 517, 518, 519, 520, 521, 522, 523, 524, 526, 527, 541, 
542, 544 

Accuracy; 25% 
Hote: For total detachment cross sections (o_j0 • o.n) see: Muschlitz, 
Jr. et al., (Ref. 514, 516); Stedeford and Hasted (Ref. 82); Hasted and 
Smith |Ref. 51V; Risley and Geballe (Ref. 520); Risley (Ref. 544); 
Jorgensen, Jr. et al. (Ref. 32); Lichtenbert et al. (Ref. 523) 

Chebyshev fitting Parameters for Cross Sections 
6min 2.3E+00 eV/anui, E max 1.7E+C7 eV/amu 

A0 Al A2 A 5 A4 A 5 A6 
-73.1506 -1.75695 -2.00168 -.190280 .0171353 .127083 -.152313 

The fit represents the above crap section with an rma deviation of 7.2%. 
The maximum deviation is 16.6% it 7.OE+01 eV/amu. 
See appendix for Chebyshev fit details. 
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Cross Sections for Double Electron Detachment of H~ in H 2 

H" • H2 -> H* • H; • 2e 

Energy Velocity Cross Section 
(ev/amu) (cm/s) (cm2) 
1.0E+03 4.39E+07 1.48E-17 
2.0E+03 6.21E+07 2.31E-17 
4.0E+03 8.79E+07 3.24E-17 
7.0E+03 1.16E+08 3.79E-17 
1.0E*04 1.39E+08 4.03E-17 
1.5E+04 1.70E+08 4.16E-17 
2.0E+04 1.96E+08 4.11E-17 
4.0E+04 2.78E+08 3.97E-17 
7.0E+04 3.68E+08 3.36E-17 
1.0E+05 4.39E+08 2.84E-17 
1.5E+05 5.38E+08 2.20E-17 
2.0E+05 6.21E+08 1.76E-17 
4.0E+05 8.78E+08 8.71E-18 
7.0E+05 1.16E+09 4.98B-18 
1.0E+06 1.39E+09 3.42E-18 
1.5E+06 1.70E+09 2.23E-18 
2.0E*06 1.96E+09 1.67E-18 
4.0E+06 2.77E+09 8.12E-19 
7.0E+06 3.65E+09 4.52E-19 
l.OE+07 4.36E+09 3.13E-19 

References; 269, 299, 303, 307, 321, 518, 521, 522, 524, 525, 526, 556, 
563, 567 

Accuracy: 30% 
Kote: There are no experimental or theoretical data for energies below 1 
kev/amu. 

Chebvshev Fitting Parameters for Cross Sections 

1.0E+03 ev/amu, E_. v = l.OE+07 ev/amu 

A2 A3 A4 A5 A6 
-79.0159 -2.10252 -1.24073 .174799 .106249 -.000434273 -0.0465674 

The fir ""jresents the above cross section with an rms deviation of 2.0%. 
The maximum deviation is 4.3% at 4.OE+05 eV/amu. 

Emin * 

AO Al 

See appendix for Chebyshev fit derails. 
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Crost Sections for Single Electron Detachnpnt of H" in Be 

H" + H e - > H + H e + e 

Energy Velocity Cross Section 
(ev/aw) (fWs) (oa2) 

1.0E+00 1.39E+06 6.13E-17 
2.0E+00 1.96E+06 1.25E-16 
4.0E+00 2.78E+06 2.33E-16 
7.0E+OO 3.68E+06 2.94E-16 
1.0E+01 4.39E+06 3.03E-16 
1.5E+01 5.38E+06 3.14E-16 
2.0E+O1 6.21E*06 3.22E-16 
4.0E*01 8.79E+06 3.42E-16 
7.0E+O1 1.16E+07 3.70E-16 
1.0E+02 1.39E+07 3.91E-16 
1.5B+02 1.70E+07 4.21E-16 
2.0E+O2 1.96E+07 4.48E-16 
4.0E+02 2.78E+07 5.10E-16 
7.0E+O2 3.68E+07 5.60E-16 
1.0E+03 4.39E+07 6.C2E-16 
1.5B+03 5.38E+07 6.38E-16 
2.0E+O3 6.21E+07 6.53E-16 
3.4E+03 8.10E+07 6.78E-16 
4.0E+03 8.79E+07 6.73E-I6 
7.0E+O3 1.16E+08 6.34E-16 
1.0E+04 1.39E+08 6.08E-16 
1.5E+04 1.70E+08 5.50E-16 
2.0E+04 1.96E+08 5.01E-16 
4.0E+04 2.78E+08 3.83E-16 
7.0B+04 3.68E+08 2.80E-16 
1.0E+05 4.39c108 2.24E-16 
1.5E+05 5.38E+08 1.72E-16 
2.0E+05 6.21E+08 1.42E-16 
4.0E*05 8.78E+08 8.332-17 
7.0E+05 1.16E+09 5.27E-17 
1.0E+06 1.39E*09 4.00E-17 
1.5E+06 1.70E+09 2.92E-17 
2.0E+06 1.96E+09 2.27B-17 
4.0E+06 2.77E+09 1.23E-17 
7.0E*06 3.65E+09 6.98E-18 
1.0E+07 4.J6E+09 4.632-18 
1.5E+07 5.32E+09 2.82E-18 

Reference*: 27, 82, 269, 299, 300, 303, 307, 318, 321, 518, 519, 520, 521, 
522. 523, 525, 527, 529, 543, 544, 545, 546, 547, 548, 549, 
550, 551, 552, 553, 584 

Accuracy: 25% 

note*: (1) Frr total detachment cross sections (or 0 • 2<>ri> see: Stedeford 
and Hasted (Ref. 82); Uchtenberg et a l . (Ref. 523); Risley (Ref. 544); 
Hasted (Ref. 553); Bailey et al. (Ref. 543); Risley and Geballe (Ref. 
520); Champion et a l . (Ref. 545); Andersen et a l . (Ref. 551); Anderson et 
a l . (ref. 547); Huq et a l . (Ref. 548); Risley and Olson (Ref. 549); Risley 
(Ref. 318). 

(2) For D' • He -> D see: Risley (Ref. 544); Berkner et a l . (Ref. 
307); Champion et a l . (Ref. 545); Anderson et a i . (Ref. 547); Huq et a l . 
(Ref. 548). 

Chebvshev Fitt ing Parameters for Cross Sections 
efflin ' 1.0E*00 eV/amu, E m a x - 1.5E*07 eV/amu 

A0 A l A2 A3 A4 A?> A6 

-73.7795 -1.54839 -1.84526 -.140417 -.028208^ .183809 -.132562 

The f i t represents the above crosB sort ion with an rms deviation of 3.0%. 
The maximum deviation i s 14.4% at 2,0B»00 eV/amu. 

See appendix for Chebyciiev C .t d e t a i l s . 
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Cross Sections for Double Electron Detachment of H" on He 

H" + He -> H* • He + 2e 

Energy Velocity Cross Sect ion 
(eV/ami) (CM/S) (on2) 

4.0E+02 2.78E+07 2.03E-18 
7.0E+02 3.68E+07 7.10E-18 
1.0E+03 4.39E+07 1.30E-17 
1.5E+03 5.38E+07 2.32E-17 
2.0E+03 6.21E+07 3.16E-17 
4.0E+03 8.79E+07 4.96E-17 
7.0E+03 1.16E+08 5.51E-17 
1.0E+04 1.39E+08 5.46E-17 
1.5E+0«» 1.7OE+08 5.12E-17 
2.0E+04 1.96E+08 4.66E-17 
4.0E+04 2.78E+08 3.25E-17 
7.0E+04 3.63E+08 2.01E-17 
1.0E+05 4.39E+08 1.37E-17 
1.5E+05 5.38E+08 8.92E-18 
2.0E+05 6.21E+08 6.54E-18 
4.0E+05 8.78E+08 3.16E-1B 
7.0E+05 1.16E+09 1.75E-18 
1.0E+06 1.39E+09 1.19E-18 
1.5E+06 1.70E+09 7.74E-19 
2.0E+06 1.96E+09 5.59E-19 
4.0E+06 2.77E+09 2.68E-19 
7.0E+06 3.65E+09 1-48E-19 
1.0E+07 4.36E+09 1.01E-19 
1.5E+07 5.32E+09 6.53E-20 
2.0E+07 6.11E+09 4.89E-20 
2.3E+07 6.54E+09 4.16E-20 

References; 268, 269, 299, 303, 307, 318, 321, 518, 521, 522, 523, 525, 
552, 556, 561, 568, 584 

Accuracy; 30% 
Mote: There are no experimental data for energies below 400 eV/amu. 
Theoretical calculations extend down to 100 eV/amu. 

Chebvshev Fitting Parameters for Cross Sections 

Emin * 4.0Et02 eV/awu, Z^.. » 2.3E+07 eV/anw 

A0 Al A2 A3 A4 A5 A6 
-81.1984 -2.71121 -1.94690 .784427 -.111737 .02646^5 -.00697915 

The fit represents the above cross section with an rms deviation of 2.6%. 
The maximum deviation is 5.1% at 2.0F.+05 f»v/amu. 

See appendix for Chokyahev fit dotal1H. 
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C:<"oss Sections for Single Electron Detachment of He" in H 

He" + H -> He • H + e 

Energy Velocity Cross Section 
(ev/anu) (cm/s) (cm2) 

3.7E+05 8.45E+08 6.39E-16 
4.0E+05 8.78E+08 6.16E-16 
7.0E+05 1.16E+09 4.29E-16 
1.0E+06 1.39E+09 3.29E-16 
1.5E+06 1.70E+09 2.39E-16 
2.0E+06 1.96E+09 1.88E-16 
4.0E+06 2.77E+09 1.04E-16 
7.0E+06 3.65E+09 6.34E-17 
9.0E+06 4.14B+09 4.99E-17 

References: 301, 583 
Accuracy: 40% 
Bote: There is only one set of experimental measurements. 

Chebvshev Fitting Parameters for Cross Sections 

Emin = 3.7E+05 eV/amu, E,,,̂  = 9.0E+06 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-72.3804 -1.28777 -.0622952 .0122474 -.00652473 .000145452 -.00224648 

The fit represents the above cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.2% at 2.0E+06 ev/amu. 

See appendix for Chebyshev fit details. 
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Cross Sections for Single and Double electron Detachment of He' in H 2 

He" • H 2 -> He + H 2 • e 
-> He* + H 2 • 2e 

He • H 2 • e He' 

Energy Cross Section 
(cm2) 

Energy 
(eV/aou) 

Cross Section 
(cm2) (eV/aau) 

1.3E+02 2.15E-15 2.6E+04 
2.OE+02 2.17E-15 3.0E+O4 
4.OE+02 2.14E-15 4.0E+04 
7.OE+02 2.09E-15 5.0E+04 
1.0E+03 2.06E-15 6.0E+04 
1.5E+03 2.02E-15 7.0E+04 
2.OE+03 1.97E-15 8.0E+04 
4.OE+03 1.84E-15 9.0E+04 
7.OE+03 1.69B-15 1.0E+05 
1.0E+04 1.56E-15 1.5E+05 
1.5E+04 1.41E-15 2.0E+05 
2.OB+04 1.30E-15 3.0E+0S 
4.0E+04 9.76E-16 4.0E+05 
7.0E+04 7.156-16 5.0E+05 
1.0E+05 5.67B-16 6.OE+05 
1.5E+0S 4.27E-16 7.OE+05 
2.OE+05 3.44E-16 8.OE+05 
4.OE+05 1.97E-16 
7.OE+05 1.24E-16 
8.OE+05 1.11E-16 

+ H, + 2e 

Cross Section 
(as2) 
3.86E-17 
3.89E-17 
3.92E-17 
3.94E-17 
3.91E-17 
3.91E-17 
3.86E-17 
3.82E-17 
3.73E-17 
3.31E-17 
2.96E-17 
2.42E-17 
2.01E-17 
J.72E-17 
1.50E-17 
1.33E-17 

References: 32, 301, 519, 521, 522, 525. 577, 580, 582, 583 

Accuracy: 30% 

BotesT (1) Tr.» tota l electron detachment cross section (single and double) has 
been Measured by Jorger.sen and Kuyatt (Ref. 32). 

(2) ror single detaclwent see: Rydlng et a l . (Ref. 577); Simpson and Gilbody 
(Ref. 519); Heinemeler e t a l . (Ref. 581); Heinemeitr et a l . (Ref. 521); Coggiola 
(Ref. 582); Hvelplund and Andersen (Ref. 301). 

(3) For double detachment see: Ryding et a l . (Ref. 577); Helneme.er et a l . 
(Ref. 581); Heinemeier et a ] . (Ref. 521). 

Chebvshtv Fitting Parameters for Cross Sections 

Single det . £ , » 1.3E+02 ev/amu, 
Double det. Ejjjjjj - 2.6E+04 ev/amu, ""max 

8.0E+05 eV/amu 
8.0E+05 eV/amu 

A0 Al A2 A3 A4 A5 
Single det. -69,4085 -1.41471 -.581942 -.0905120 .0321529 .0250936 
Double det. -76.3306 -.'78433 -.226903 -.00774557 .0112528 -.00347756 

A6 
.000363782 
.000402148 

The f i t represents the single detachment cross section with an rms deviation of 0.4%. 
The maximum deviation is 0.8% at 1.0E+04 cV/amu. 
The f i t represents the doubl* detachment cross section with an rms deviation of 0.4% 
The maximum deviation is 0.7% at 6.0E+04 ev/amu. 

See appendix foi Chebyshev f i t de ta i l s . 
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Cross S e c t i o n s for S ing l e and Double E lec tron Detachment of Re' in He 

Be" + He -> Be * He + e 
-> He* • He • 2e 

Be • Be • e He* • Be • 2e 

Energy Cross S e c t i o n 
(eV/amn) (car') 

1.2E+02 1.27E-15 
2.0E+02 1.29B-1? 
3.0E+O2 1.32E-15 
4.0E+O2 1.33E-15 
7.0E+O2 1.35E-15 
1.0E+03 1.35E-15 
2.0E+O3 1.32E-15 
4.0E+O3 1.23E-1S 
7.0E+O3 1.12E-15 
1.0E+O4 1.04E-15 
2.0E+O4 B.07E-16 
4.0E+O4 5.72E-16 
7.0E+O4 4.07E-16 
1.0E+05 3.22E-16 
2.0E+C5 1.94E-15 
4.0E+O5 1.11E-16 
7.0E+O5 6.98E-17 

Energy 
(ev/aaw) 

2.7E+04 
3.0E*04 
4.0E+04 
5.0E+04 
6.0E+04 
7.0E+O4 
8.0E+04 
9.0E+04 
1.0E*05 
1.5E+05 
2.0E+05 
3.0E+05 
4.0E+O5 
5.0E-»05 
6.0E+05 
7.0E+05 
8.06+05 

Cross S e c t i o n 
(cm 2 ) 

4 .1P3-17 
4.16E-17 
4.05E-17 
3.90B-17 
3.82E-17 
3.71B-17 
3.58E-17 
3.47C-17 
3.37E-17 
2.98E-17 
2.66E-17 
2.23E-17 
1.93E-17 
1.72E-17 
1.58E-17 
1.47E-17 
1.36E-17 

References; 519, 521, 522, 525, 575, 576. 577. 578, 581, 582, 583 
Accuraevt 25% 
Botes: (1) The total electron detachment cross section (single and double) has 
been measured by Windham et al. (Ref. 5751; Hicholas et al. (Ref. 578); Simpson 
and Gilbody (Ref. 519). 

(2) for single detachment sees Sweeiata» (Ref. 576); Ryding et al. 
(Ref. 577); Heinemeier et al. (Ref. 581); Helnemeier et al. (Ref. 521); 
Cogglola (Ref. 582). 

(3) ror double detachment see: Ryding et al. (Ref. 577); Relnemeler et al. 
(Ref. 521). 

Chebvshev Pitting Parameters for Cross Sections 

Single det. E _ l n - 1.2E+02 eV/amu, 
Double det. tg^ - 2.7B+04 eV/amu, 

E-^. - 7.0E+'»5 ev/a 
t££ - 8 C*+05 eV/a 

AO Al A2 A3 A4 A5 A6 
Singl- det. -70.3313 -1.40200 -.626470 -.0569330 .0458639 .0102379 -.00527677 
Double det. -76.3309 -.571055 -.112122 .0109146 .00565444 .000461742 -.00146987 

The fit represents the single detachment cross section with an rme deviation of 0 
The maximum deviation is 1.1% at 4.0E+03 ev/amu. 
The fit represents the double detachment cross section with an rms deviation of 0 
The maximum deviation is 0.6% at 5.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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Cross Sections for Single and Double Electron Detachment of Li" in H« 

Li" • B2 -> Li • Bj • e 
-> Li* • H 2 • 2e 

Li • B2 * e Li' B3 * 2e 

(ev/sau) W U 0 * £KT*>%..a7 
(ca/) 

i.se«oa 1.89E-15 
2.0E»O3 1.91E-15 
4.0E+O3 1.81E-15 
7.0E+03 1.C4C-15 
1.0E+04 1.50E-15 
1.5B+04 1.34E-15 
2.0E+O4 1.23E-15 
4.0E+04 9.45E-16 
7.0E+04 7.43E-16 
1.0E+05 6.30E-16 
1.5B*95 5.15E-16 
2.0C+O5 4.46E-16 
4.0E+05 3.10E-1C 

ion Energy Cross Section 
(ev/amu) (OS 2) 

1.5E+64 1.00E-16 
2.0E+04 8.79E-17 
3.0E+04 7.40E-17 
4.0E+04 6.67E-17 
5.0E+04 6.27E-17 
6.0E+04 5.98E-17 
7.06*04 5 76E-17 
8-0E+04 5.55E-17 
».0£*04 5.43E-17 
1.0E+05 5.288-17" 
1.5E+05 4.83E-17 
I.8E+05 4.67E-17 

References: 250. 522, 583, 588 
Accuracy: 25% 
fote; For total electron detachment 
(Ref. 250). ror both single and double detachment 

(single and double) see: Alllslon et al. 
se: McCullough et al. (Ref. 588). 

Chebvshev rittino Parameters for Cross Sections 

Single det. 
Double det. ft 1.5E+03 eV/asw, 

1.5B+04 ev/aaai. 
4.0E*05 eV/asw 
1.8E+05 eV/asu 

Single det. 
Double det. 

A0 

-69.2100 
-74.5383 

Al 
-.932154 
-.376194 

A2 A3 A4 A5 A* 

-.198400 .0257913 -.00111248 .00258484 -.00164526 
.C491243 -.00831956 -.00149259 .00388870 -.000530605 

The f i t repreaents the single detachment cross section with an nas deviation 
The maxlsua deviation i s 0.3% at l.Cr+04 ev/amu. 

of 0.2% 

TM f i t represents the double detachment cross section with an nas deviation of 0.2% 
The maxima devlaMon !•* 0.4% at 8.0E+04 ev/amu. 

See appendix for Chebyshev f i t de ta i l s . 
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Cross Sections for Total Electron Detachment 

Li" • Be -> Li, Li* 

of Li" on He 

Energy 
(eV/a»M) 

1.8E+02 
2.0E+O2 
4.0E+02 
7.0B+02 
1.0E+03 
1.5E+03 
2.0E+03 
J.OE+03 
7.0B+03 
1.0E+04 
1.5E+04 
2.0B+04 
4.0E+O4 
6.0E+04 

Velocity 
(orn/s) 

J.86S+07 
1.96E+07 
2.78E+07 
3.68E+07 
4.39B+07 
5.38E+07 
6.21E+07 
8.79E+07 
.16E+08 
.39E+08 
.706+08 
.96E+08 
.78E+08 

3.40E+08 

Cross Section 
(c*2) 

4.22E-16 
4.565-16 
6.65L-I6 
8.07E-16 
8.83B-16 
9.57E-16 
9.93E-16 
1.05B-15 
1.04E-15 
1.00E-15 
9.42E-16 
8.87B-16 
7.43E-16 
6.46E-16 

References; 250, 522, 551, 583, 587 
Accuracy: 25% 
•ote; Reported values for cross sections correspond to the 
for single and double detachment. 

sua of those 

Chebvshev Fitting Parameters for Cross Sections 

E R l n - 1.8E+02 eV/awu, E ^ ^ - 6.0E+O4 eV/aau 

AO Al A2 A3 A4 A5 A6 
•69.6625 .18135 -.342099 .0241112 -.0117377 .00823347 -.00361753 

The fit represents the above cross section with an 
The maximum deviation is 0.4% at 2.0E+03 eV/amu. 

deviation of 0.2%. 

See appendix for Chebyshev fit details. 
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6. Cross Sections for Dissociation of Molecules and Molecular Ions 

Page 
H + H 2 -> H" + (H* + H*) + e G-2 

-> H + (H* + H*) + 2e G-2 
-> H* • (H* + H*) + 3e G-2 
-> H • (H + H*) + e G-4 
-> H* + (H + H*) • 2e G-6 
-> H~ + (H* + H) G-8 

H* + H 2 -> H* + H* + H* + 2e G-10 
He* + H 2 -> He* + H* + H* + 2e . . . . . . . G-12 
He2* + H 2 -> He2* + (H* + H) + e (via lSo,) . G-14 

-> He2* + (H* + H) + e (via 2p«,) . G-16 
-> He* + (H* + H» G-18 
-> He* + (H* + H*) + e G-20 
-> He2* + (H* + H*) + 2e G-22 
-> He + (H* + H*) G-24 

H2* + H 2 -> H*Proj. G-26 
H2* + H -> H*Pr0j. G-28 

H2* + H 2 -> H P r o j. G-30 
-> (H* + H) + H 2 G-32 

H2* + He -> Total H* G-34 
-> (H* + H) + He G-36 

H 2 + H 2 -> H*(Fast,Total) C-38 
-> H(PastfTotal) G-40 
-> Total Destruction of Past H2 Proj. G-42 

H3* • H 2 -> Total Destruction of H3* . . . . G-44 
H2* + H 2 -> Total Destruction of H2* . . . . G-46 
H3* + H 2 -> H*(Total,Projectile) G-48 

-> H2
+(Total,Projectile) G-50 

-> H(Total,Projectile) G-52 
-> H2(Total,Projectile) G-54 



G. (Cont'd) 

H3* + He -> H*(Total) G-56 
-> H2* G-58 

Heir + H 2 -> Total HeH+ Dissociation Prod. . G-60 
HeH* + He -> Total Heir Dissociation Prod. . G-62 



G-2 

Cross Sections for Double (Dissociative) ionization. Double Ionization with 
Stripping, «nd electron Capture with Ionization for H-Atoa Impact on H2 

H t a2 -> H • (H* • H*) + 2e 
H * H2 -> H* • <H* • H*) • 3e 
H r H2 -> H" • (H* • H*) • e 

(H • 2H* • 2e) «H 2H* • 3e ) »H" 2H* • « ) 

Energy o Energy <f Energy o 
|eV/aMu) {Cm2) (ev/asu) ( O S 2 ) (ev/aau) (o»2> 

5.0E*O3 1.62E-19 5.7E+03 1.O6E-20 4.7E*03 Z.18E-20 
6.0E*O3 2.59E-19 7.0E*03 1.65E-20 7.0E+03 6 .65E-20 
7.0E+O3 3 .906-19 1.06*04 3.87E-20 8.5E+03 1.00E-19 
8.06*03 5.40E-19 1.36*04 9.9OE-20 9.0K+03 1.17E-19 
9.06*03 7.04E-19 1.5E*04 1.38E-19 1.0E*04 1.51E-19 
1.06*04 8.88C-19 2.06*04 2.79E-19 1.5E*04 3 .22E-19 
1.56+04 1.91E-18 2.56*04 4.68E-19 2.0E*04 J .69E-19 
2 . 06+04 2.58E-18 3.06*04 6.32E-19 2.5E*04 3.47E-19 
3.06*04 3.22E-18 3.56*04 7.82E-19 3.0E+04 3 .05E-19 
4.06*04 3.35E-18 4.0E*04 9.19E-19 3.5e*04 2 .70E-19 
5.0E*04 3.31 IE-18 4.56*04 1.00E-18 4.0E*04 2-43E-19 

5.06*04 1.14E-18 4.5E*04 2 .22E-19 
5.26*04 1.17E-18 5.0E*04 2 .05E-19 

Reference; 30 
Accuracy; Unknown 
Mote; Kinetic energy of the slow H' ions is approximately 9 eV. 

Chebvshev fitting Parameters for Cross Sections 

(H • 2H* • 2e) %un * 5.0E+03 eV/anu, 
(H* • 2H* • 3e) ^ n " 5.7E+03 ev/amu. 
<H" • 2H* • e) Srtn * 4.76*03 eV/aNti. 

^aax 
^aax 

5.0E*O4 eV/ 
5.2E*04 eV/ 
5.0E*04 eV/ 

*o At 

(H • JB* • 2*1 -*2.i»44 I.J0OS7 
!«* • 2«* • )•> -M.77JS 2.46227 
(«"" • 2H* • m ) -M.S910 1.09*36 

A2 A) 

.514162 -.013(26) 

.301192 -.105*42 
-.754*71 -.009)2*42 

A4 

-0274S5* 
.0379990 
.0*5*477 

A5 

-.00853*33 
-.00417294 
.0)00(22 

The tit represents the (H * 2H* * 2e) cross section with an 
The maximus deviation is 1.1% at 6.06*03 eV/amu. 

A6 

-.0116637 
.0122290 
-.0)93792 

deviation of 0. 

The f i t represents the (H* * 2H* * 3») cross section with an rms deviation of 1. 
The maximum deviation i s 2.9% at l.OE+04 eV/amu. 

The f i t represents the (H* * 2H* • e) cross section with an rms deviation of 1. 
The maxistun deviation is 3.0% at 8.5E+03 eV/amu. 

See appendix fo r Chebyshev f i t d e t a i l s . 



G-3 

•v-«7 

^-2< 

H + H - > H + (H* + H*) + 2e 
H + H_ - > H* + (H* + H*) + 3e 
H + H2 - > H" + (H+ + H*) + e 

Cross Section vs. Energy 

Recommended 
Oota 

Chebyshev Fit 

1Cf 
Energy (eV/amu) 



G-4 

Cross Sections for Dissociative Ionization 
H 2 in Collisions with Hydrogen Atcass. 

of 

H + H 2 -> H + (H + H ) • e 

via lso9 State (Curve 1) via 2poa State (Curve 2) 

energy Cross S e c t i o n Energy Cross S e c t i o n 
(ev/asm.) ««') ( ev /aau) (C-'f 

5.08+03 6.40E-19 5.06+03 2.2SC-18 
6.06+03 8.21E-19 6.0E+03 3.23E-18 
7.06+03 9.67E-19 7.0E+03 4 .12E-18 
8.06+03 1.09E-18 8.0E+03 4 .97E-18 
9.06*03 1.186-18 9.06+03 5 .766 -18 
i .06+04 1.256-18 1.06+04 6 . 4 7 6 - 1 8 
1.56+04 1.40E-18 1.56+04 8 . 0 7 e - 1 8 
2.06+O4 1.38E-18 2.0E+04 7.49E-18 
2.56+04 1.31E-18 2.56+04 6.24E-18 
3.06+04 1.23E-18 3.06+04 5 .136 -18 
3.56+04 1.17E-18 3.56+04 4 . H E - 1 8 
4.06+04 1.12E-18 4.06+04 3 .246 -18 
4.56+04 1.06E-1B 4.56+04 2.51E-18 
5.0E+04 1.00E-18 5.06+04 1 .97e-18 

SffifflFK*.? 30 

bWfOSV Unknown 

11 (1) Cross section values plotted in curve 1 refer to the dissociation of the 
ion from the ls<j>g state. Energy of the clou ion is Approximately zero. (2) Cross 

flection values plotted in curve 2 refer to the electron transitions to the 2poa state 
and also to all the excited electron states of the R2* Ion. Energy of the slow ion 
is approximately 7 «v. 

Cheovshev fitting Parameters for Cross Sections 

(via '.*>, state) e,̂ ,, 
(via Jpo,, state) £„,,„ 

5.06+03 cV/amu, €„,„ 
5.06+03 eV/amu, Ê ,,, 

5.06+04 eV/aMu 
5.06+04 ev/amu 

At M M 
(via lao atata) 
<»la 2po ftata) 

-M.77}» 
-•0.0*22 

.I767«7 . . i ' t H 6 .0497UO 
-.04077? . .MJ490 -.0140*0$ 

-.00PS0JM? -.0027742* -.0O42U77 
.00*50407 - .005 31411 -.00795 JW 

The fit represents the cross section (via lso 9 state) with an rms deviation of 0.2%. 
The *axisMs deviation is 0.4% at 3.0E+04 ev/amu. 
The fit represents the cnra section (via 2po„ state) with an n » deviation of 0.6%. 
The MaxisMM deviation is 1.2% at 4.56+04 ev/aaju. 

See appendix for Chebyshev fit details. 



G-5 

H + H2 - > H + (H + H*) + e 
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C-6 

Cross Sections for Dissociative 
Accompanied by Stripping 

• »2 

Ionization 
of the 

of H, ty H-Atoa Iapact 
H Prefect ile 

-> IT (* + H ) • ?e 

via xao9 state (Curve 1) via 2ppu state (Curve 2) 
Energy 

(eV/aau) 
Cross Section 

(car*) 

5.0B+O3 2.49E-20 
6.0E+O3 3.27E-20 
7.0E+03 4.07E-20 
e.oe+03 4.91E-20 
9.08*03 5.77E-20 
i.oe+04 6.68E-20 
1.5E+04 1.15E-19 
2.0E+O4 1.66E-19 
3.0E+04 2.73E-19 
4.0E+04 3.65E-19 
5.0E+O4 4.10E-19 

Energy Cross Section 
(ev/c^w) (car1) 

5.0E+03 2.38E-20 
6.0E+03 C.83E-20 
7.0E+03 1.07E-19 
8.0E+03 1.66E-19 
9.0E+03 2.34E-19 
1.0E+04 3.07E-19 
1.5E+04 6.S8E-19 
2.0E+O4 1.04E-18 
2.SB+04 1.26E-18 
3.0E+O4 1.37E-18 
3.5E+04 1.37E-18 
4.0E+04 1.32E-18 
4.5E+04 1.23E-18 
5.0E+04 1.13E-16 

Reference; 30 
Accuracy! Unknown 
Botes* (1) Cross section values plotted in _urve 1 refer to the dissociation of the 
i j i o n via the lsog state of H2*. Energy of the slow io.i is approximately zero. (2) 
Cross section values plotted in curve 2 refer to the dissociation of th<* H2* Ion via 
the 2pOg state and also all higher excited electronic states of the H2* ion. Energy 
of the slow ion is approximately 7 eV. 

Cnebvshev Fitting Parameters for Cross Sections 

(via lsog state) E^,, - 5.0E+03 eV/amu, E,,^^ -
(via 2po„ state) E^,, - 5.0E*O3 eV/amu, E,,,^ « 

&.0E+04 ev/anu 
S.0E+C4 ev/anu 

AO 

(» i» 1*0 I U U ) -67.2426 
( v i a 2p0* c tato) -64.0972 

1.43M2 
1.86566 

- .0441241 
- .764017 

A} 

-.030(560 
.0497586 

A4 

-.0190257 
-.0414167 

AS 

.00744929 
.0151155 

A6 
-.00364561 
.00206675 

The fit represents cross section (via lcog state) with an rms deviation of 0.1%. 
The maxiaun deviation is 0.1% at 2.0E+04 eV/amu. ' 
The fit represents cross section |i,a 2pou state) with an rms deviation of 0.3%. 
The maxlMus deviation is 0.6% at 1.5E+04 eV/amu. 

See appendix for Chebyshev fit details. 
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G-8 

Cross Sections for Dissociative Electron Capture fro* B2 by H-Atc 
H • H2 - > H" • (H* • H) 

v i a l s o , s t a t e (Curve 1) 

Bnerqy 
(eV/asw) 

Cross S e c t i o n 

5.06*03 8.20E-20 
6.06*03 1.056-19 
7.06*03 1.26E-19 
8.08*03 1.456-19 
9.06*03 1.63E-19 
1.06*04 1.796-19 
1.56*04 2 .186-19 
2.06*04 1.81E-19 
2.56*04 1.316-19 
3.06*04 1.026-19 
3.56*04 8.S1E-20 
4.06*04 7 .396-20 
4.56*04 6 .686-20 
5.06*04 6 .176-20 

via 2po„ s tate (Curve 2) 

Energy 
(ev/anu) 

5.06*03 
6.06*03 
7.06*03 
8.06*03 
9.06*03 
1.06*O4 
1.56*04 
2.06*04 
2.56*04 
3.06*04 
3.5E+04 
4.0E*04 
4.56*04 
5.06*04 

Cross wr 
2.916-19 
4.726-19 
6.576-19 
8.346-19 
9.976-19 
1.156-18 
1.456-18 
1.138-18 
7.756-19 
5.33E-19 
3.ME-19 
2. 18E -19 
1./8B-19 
1.27E-19 

ion 

Referencet 30 

Accuracy: unknown 

Botes: (1) Cross section values plotted in curve 1 refer to the dissociation of the 
Hj ion via the l sa 9 s tate of H2*. The energy of the slow part ic les i s approximately 
sero. (2) Cross section values plotted in curve 2 refer to the dissociation of the 
Hj* ion v ia the 2po0 and also a l l excited electronic s ta tes of the H2' ion. The energy 
of the slow particles i s approximately 7 ev. 

Chebvshev f i t t ing Parameters for Cross Sections 

(via lso, state) C„ | l n - 5.0e*O3 ev/anu, z n a x 

(via 2po0 s tate) 6^, , - 5.0E+03 eV/asni, E , ^ 
5.06*04 ev/ami 
0.0E+04 ev/ami 

(via l80 g state) 
(via 2pou state) 

A0 Al A2 A3 A4 A5 A6 
87.2731 - .218951 - .522211 .0736627 .0971637 .00270336 - .0307172 
84 .2975 - .438944 - .978064 .0211660 .0476037 .00159449 - .0175091 

The fit represents cross section (via lac, state) with an rms deviation of 0.8%. 
The maximum deviation is 1.5% at 2.5E*04 eV/amu. 
The fit represents cross section (via 2pou state) with an rms deviation of 0.8%. 
The maxiMUM deviation is 1.1% at 4.06*04 ev/amu. 

See appendix for Chebyshev fit details. 
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G-10 

Dissociative Double Ionization ;ross Actions for 
H* + H 2 -> H* + H* + H* + 2e 

Energy 
(ev/amu) 

1.0E+05 
1.5E+05 
2.0E+05 
3.0E+05 
7.0B+05 
1.0E+06 
1.5E+06 
2.0E+06 
3.0E+06 

Velocity 
(cm/s) 

4.39E+08 
5.38E+08 
6.21E+08 
7.61E-.08 
1.16E+09 
I.39E+09 
1.70E+09 
1.96E+09 
2.40E+09 

Cross Section 
(OB 1) 

3.96E-19 
1.79E-19 
02E-19 
90E-20 
17E-20 
16E-21 
30E-21 
26E-21 
49E-21 

Reference: 365 
Accuracy: Within factor of 4 
Bote: The data are reported for the H 2 internuclear axis oriented at 90° 
and 30° relative to the ion beam direct lor and no apparent difference was 
found between the measured cross section values. 

Chebvshev Fitting Parameters for Cross Sections 

E m i n - 1.0E+05 eV/arau, E,^^ « 3.0E+06 eV/arau 

A0 Al 
-90.4247 -2.58979 

A2 A3 
.296205 .0536430 

A4 A5 A6 
.00747606 .00133207 .00152342 

The fit represent.? the above cross section with an rms deviation of 0.6%. 
The maximum deviation is 0.9% at 2.0E+05 eV/aitw. 

See appendix for Chebyshev fit details. 
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G-12 

Cross Sections for the Dissociative Double Ionization of H 2 By Fast He 

He* • H; -> He* • H" • H* + 2e 

Energy 
lev/ami) 
2.5E+03 
3.0E+03 
4.0E+0J 
7.0E+0? 
I.OE+04 
1.5E+04 
2.0E*04 
4.0S+04 
7.0E+O4 
9.0E+04 

Velocity 
(cm/s) 

6.95E+07 
7.61E+07 
8.79E+07 
1.16E+08 
1. 
1. 
1. 
2. 
3, 
4. 

39E+08 
70E+08 
96E+0B 
78B+08 
68E+08 
17E+08 

cross Sect ion 
(cm2) 

5.00E-18 
4.22E-18 
3.12E-18 
1.62E-18 
1.02E-18 
5.89E-19 
3.91E-19 
1.40E-19 
5.95E-20 
4.O2E-20 

Reference; 482 
Accuracy; The absolute cross section values are estimated to within a 

factor of 4. 
Wote: The data are reported for the H : internuclear axis oriented ac 90° 
and 30° relative to the ion benm direction, and no apparent difference was 
found between the cross section values. 

Chebvshev Fitting Parameters for Cross Sections 

t m i n » 2.5E*03 eV/amu, E , ^ » 9.0E+04 eV/ 

A0 Al A2 A3 A4 A5 A6 
-84.2206 -2.43620 -.134853 .0237772 -.0024008J .000622206 -.00103783 

The fit represents tht above cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.2% at 1.0Et04 ev/amu. 

See appendix for Chebyshev fit details. 
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G-14 

Cross Sections for the Dissociative Ionization of H- by Fast He 2» 

He 2 + f H 2 -> He2* • 

Energy Velocity 
(eV/amu) (c*/s) 
3.8E+03 8.56E+07 
4.0E+03 8.79E+07 
5.0E+O3 9.82E+G7 
6.0E+03 1.08E+08 
7.0E+03 1.16E+08 
8.0E+03 1.24E+08 
9.0E+03 1.32E+08 
1.0E+04 1.39E+08 
1.5E+04 1.70E+O8 
2.0E+04 1.96E+08 
2.5E+04 2.20E+O8 

Cross Section 
(cm2) 

1.10E-19 
1.38E-19 
2.74E-19 
4.31E-19 
5.63E-19 
6.27E-19 
6.48E-19 
6.57E-19 
6.65E-19 
1.04E-18 
1.81E-18 

Reference; 95 
Accuracy; 20% 
Bote; These cross sections values refer to the ionization 
dissociation of H 2 via the lsog state of the H2* *on. 

Chebvshev Fitting Parameters for Cross Sections 

E,^,, * 3.8E+03 ev/amu, E,,,̂  = 2.5E+04 ev/amu 

A0 Al A2 A3 A4 AS A6 
-84.1813 1.12091 -.170391 .319582 .0335842 -.0467173 -.0198799 

The fit represents the above cross section with an rms deviation of 1 
The maximum deviation is 1.3% at 5.0E+03 eV/amu. 

S»,e appendix for Chebyshev fit details. 



G-15 

2+ . 2 * . / • i * He' + H2 - > He' + Of + H) + e 
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G-16 

Cross Sections for the Dissociative Ionization of H2 by Fast He 2» 

Be2* • H 7 -> He1* + <H • H) • e 

Energy 
(ev/amu) 

2.5E+03 
3.0E+03 
4.0E+03 
5.0E+03 
6.0E+03 
7.06+03 
8.06+03 
9.0E+03 
1.0E+04 
1.56+04 
2.06+04 
2.5E+04 
3.06+04 

Velocity 
<cm/s) 

6.95E+07 
7.61E+07 
8.79E+07 
9.82E+07 
1.08E+08 
1.16E+08 
1.24E+08 
1.32E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.2OE+08 
2.41E+08 

Cross Section 
tern1) 

1.46E-19 
2.05E-19 
4.28E-19 
7.94E-:9 
1.05E-18 
1.23E-18 
1.35E-18 
1.42E-18 
1.46E-18 
1.53E-18 
2.23E-18 
3.13E-18 
4.22E-18 

Reference; 95 
Accuracy: 30% 
Botes; (1) The cross section values are for the ionization with 
dissociation of H 2 via the 2po„ state of H2*. See reference 95. (2) The 
Measured energy of the slow ion is approximately 7 ev. 

Chebvshev Fittino Parameters tor Cross Sections 

E ^ - 2.5E+03 eV/amu, E^,, 3.0E+04 ev/amu 

A0 Al A2 
-82.9850 1.52994 -.280153 

A3 A4 
746249 .0922114 

A5 
-.0977812 

A6 
.00881272 

The fit represents the above cross section with an rms deviation of 2.1%. 
The maximal deviation is 2.9% at 1.5E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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G-18 

Cross Sections for Dissociative Electron Captui ? from H ; By Fast He' 
.2. He* • H 2 -> He + (H • H) 

Energy 
(eV/amu) 

Velocity 
(cm/s) 

3E+03 
5E+03 
OE+03 
OE+03 
OE+03 
OE+03 

6.OE+03 
7.OE+03 
8.OE+03 
9.OE+03 
1.0E+04 
1.5E+04 
2.0E+04 
2.5E+04 

01E+07 
38E+07 
21E+07 
61E+07 
79B+07 
82E+07 
08E+08 
16S+08 
24E+08 

1.32E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.20E+08 

Cross Section 
(cm2) 

2.77E-18 
3.01E-18 
3.47E-18 
4.37E-18 
5-25E-18 
6.17E-18 
6.96E-18 
7.79E-18 
8.51E-18 
9.31E-18 
1.02E-17 
1.27E-17 
1.29E-17 
1.29E-17 

Reference; 95 
Accuracy: 20% 
Motet The cross section values are for captuie Mith dissociation from 
lsa, state of the H2* ion. 

Chebvshev Fitting Parameters for Cross Sections 

E«in - 1 - 3 E t 0 3 • * / » . Emax 2.5E+04 eV/ 

AO Al A2 A3 A4 A5 A6 
-79.1499 .840316 -.0633082 -.078J071 -.0271766 .00205805 .00727217 

The fit represents the above cross section with an rms deviation of 1. 
The maximum deviation is 1.5% at 2.0E+04 eV/amu. 

See appendix for Cnebyshev fit details. 
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G-20 

Cross Sections for Dissociative Electron Capture with 
2* Ionization in Collisions of Fast He with H2 

He 2» • H 2 ••> He • (H + H ) + e 

Energy 
(eV/anu) 

1.2E+03 
1.5E+03 
2.OE+03 
2.5E+03 
3.OE+03 
5E+03 
OE+03 
OE+03 
0E+C3 
OE+03 

8.OE+03 
9.OE+03 
1.0E+04 
1.5E+04 
2.0E+04 
2.5E+04 

Velocity 
(cm/s) 

4.31E+07 
S.38E+07 
6.21E+0? 
6.95E+07 
7.61E+07 
8.22E+07 
8.79E+07 
9.82E+07 
1.08E+08 
1.16E+08 
1.24E+08 
1.32E+08 
1.39E+08 
1.70E+00 
1.96E+08 
2.20E+08 

Cross Section 
(cm2) 

1.10E-16 
1.01E-16 
8.84E-17 
8.01E-17 
7.47E-17 
6.84E-17 
6.01E-17 
5.04E-17 
4.90E-17 
5.11E-17 
5.53E-17 
6.10E-17 
6.54E-17 
7.88E-17 
8.57E-17 
8.70E-17 

Reference: 95 
Accuracy: 30% 
Mote; The measured energy of the slow H* ions is approximately 9 eV. 

Chabvshev Fitting Parameters for Cross Sections 

E,,,̂  • 1.2E+03 eV/amu, E m a v = 2.5E+04 eV/arau "max 

A0 Al A2 A3 A4 
-74.1562 -.104398 .277805 .00632922 -.107311 

A5 A6 
.0247870 .0511068 

The fit represents the above cross section with an rms deviation of 2.9%. 
The maximum deviation is 3.9% at 2.OE+03 ev/arnu. 

See appendix for Chebyshev fit details. 
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G-22 

Cross Sec t ions for Double ( D i s s o c i a t i v e ) Ion iza t ion of H ; By Fast He 

He2* + H2 -> He2* + (H* + H*) + 2e 

2' 

Energy 
(ev/amu) 

V e l o c i t y 
(cm/s) 

2.5EH>3 
3 . OB'03 
4.0Ev03 
5 .0EO3 
6.0E+03 
7.0E+03 
8.0E+03 
9.0E+03 
1.0E+04 
1.5E+04 
2.0E+04 
3.0E+04 

6.95E+07 
7.61E+07 
8.79E+07 
9.82E+07 
.08E+08 
.16E+08 
.24E+08 
.32E+08 
.39E+08 
.70E+08 
.96E+08 
.41E+08 

Cross Section 
(cm2) 

1.44E-19 
2.15E-19 
4.24E-19 
7.90E-19 
1.07E-18 
1.25E-18 
1.35E-18 
1.39E-18 
1.44E-18 
1.52E-18 
2.24E-18 
4.23E-18 

Reference; 95 
Accuracy; 30% 
Bote; The measured energy of the slow H* ions is approximately 9 eV. 

Chebvshev Fitting Parameters foi Cross Sections 

*_,n « 2.5B+03 ev/'amu, E m a x - 3.0B+04 ev/amu 

A0 Al 
-82.9515 1.54494 

A2 A3 A4 A5 A6 
.254833 .255864 .0749613 -.113726 -.0359609 

The fit represents the above cross section with an nns deviation of 2.0%. 
The maximum deviation is 4.4% at 4.0E+03 ev/amu. 

fee appendix for Chebyshev fit details. 
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G-24 

Cross Sections for (Dissociative) Double Electron Capture front H: By Fast He 2» 

He 2» H 2 -> He + (H + H ) 

Energy 
(eV/amu) 

1.1E+03 
1.5E+03 
2.0E+03 
2.5E+03 
3.0E+03 
4.ril+03 
5.JE+03 
f.OE+03 
7.0E+03 
8.0E+03 
9.0E+03 
1.0E+04 
1.5E+04 
2.0E+04 
2.5E+04 

Velocity 
(on/s) 

4.61E+07 
5.38E+07 
6.21E+07 
6.95E+07 
7.61E+07 
8.79E+07 
9.82E+07 
1.08E+08 
1.16E+08 
1.24E+08 
1.32E+08 
1.39B+08 
1.70E+08 
1.96E+08 
2.20E+O8 

Cross Section 
(cm2) 

5.I5E-17 
3.00E-17 
1.70E-17 
1.45E-17 
1.42E-17 
1.68E-17 
2.14E-17 
2.55E-17 
2.90E-17 
3.23E-17 
3.49E-17 
3.75E-17 
4.42E-17 
4.59E-*7 
4.48E-17 

Reference: 95 
Accuracy; 15% 
Motes: None 

Chebvshev Fitting Parameters for Cross Sections 

E^,, = 1.1E+03 eV/amu, E,,^ = 2.5E+04 eV/amu 

AO Al A2 
-75.9688 .211347 .437455 

A3 A4 A5 A6 
.355845 .0231353 .0708411 -.0517123 

The fit represents the above cross section with an rms deviation of 1.7%. 
The maximum deviation is 2.9% at 2.0E+O3 eV/amu. 

See appendix for Chebyshev fit details. 
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G-26 

Cross Sections for the Conversion of Fast H:* Ions Into 
Fast Protons in Passage Through H: 

Ĥ  + Hj —> H pcoi-

Low Energy High Energy 
Energy Cross Section Energy Cross Section 

lev/ami) (car2) lev/asm) (C*') 

1.6E+00 3.31E-17 1.5E+03 2.09E-16 
2.0E+00 6.46E-17 2.0E+03 2.26E-16 
2.5E+00 8.09E-17 4.0E+03 2.42E-16 
3.0E+00 8.66E-17 7.0E+03 2.31E-16 
3.5E+00 8.67E-17 1.0E+04 2.13E-16 
4.0E+00 8.58E-17 1.5E+04 1.88E-16 
4.5E+00 8.33E-17 1.8E+04 1.80E-16 
5.0E+00 7.96E-17 2.0E+04 1.86E-16 

3.0E+04 2.23E-16 
4.0E+04 2.30E-16 
5.0E+04 2.26E-16 
8.0E+04 1.99E-16 
1.0E+05 1.80E-16 
1.5E+05 1.46E-16 
2.0E+05 1.21E-16 
4.0E+05 7.43E-17 
7.0E+05 4.22E-17 
1.0E+06 2.70E-17 
1.5E+06 1.46E-17 
2.0E+06 1.11E-17 
4.0E+06 6.21E-1S 
7.0E+06 4.11E-18 
1.0E+07 3.28E-18 

References; 86, 208, 210, 214, 218, 219, 527, 528, 531, 557, 558, 559, 
571, 590 

Accuracy: 25% 
Mote: Ho attempt has been made to interpolate between the iow-energy data and 
the data taken at higher energies. 

Chebvshev fitting Parameters for Cross Sections 

Low Energy E m i n • 1.6E+00 ev/amu, E^, • 5.0E+00 ev/amu 
High Energy E'[" = 1.5E+03 ev/amu, EZT* = 1.0E»07 ev/amu 

A0 Ai A2 A3 A4 A5 A6 
Low Energy -74.4491 .351878 -.249279 .0781924 -.0295527 .00853617 -.00490330 
High Energy -74.9261 -2.19443 -.855834 .042130/ .216227 .0921147 -.0893079 

The fit represents the Low Energy cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.3% at 3.5E*00 ev/ainu. 
The fit represents the High Energy cross section with an rms deviation of 6.3%. 
The maximum deviation is 12.4% at 1.8E+04 «v/amu. 

See appendix for Chebyshev fit details. 
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G-28 

Cross Sections for the Conversion of Fast H;* Ions Into 
Fast Protons in Passage Through H Atoms 

H-. • H -> H* P r o, 

Energy 
(ev/anu) 
1.5E+03 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
1.5B+04 
2.0E+04 
4.0E+04 
5.0E+04 

Velocity 
(c*/s) 

5.38E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.78E+08 
3.11E+08 

Cross Section 
(cm2) 
60E-16 
83E-16 
16E-16 
20E-16 
15E-16 
06E-16 
96E-16 

1.69E-16 
1.59E-16 

Reference; 599 
Accuracy: 25% 
Hotes: None 

Chebvshev Fitting Parameters for Cross Sections 

E,,,̂  = 1.5E+03 eV/amu, E m a x = 5.0E»04 eV/amu 

AO Al A2 A3 A4 AS A6 
-72.4228 -.0319629 -.156039 .0287214 -.00752456 .000228203 .000526627 

The fit represents the above cross section with an rms deviation of 0.1%. 
The maximum deviation is 0.2% at 2.0E+04 eV/amu. 

See appendix for Chebyshev fit details. 
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G-30 

Cross Section for the Formation of Fast H Atoms 
by Passage of Hj* Through H 2 

Energy Velocity 
(ev/amu) (cm/s) 

2.06*03 6.21E»07 
4-0E+03 8.79E+07 
7.0E+03 1.16E+08 
1.0E+O4 I.39E+08 
1.5E+04 1.70E+08 
2.0E+04 1.96E+08 
4.0E+04 2.78E+08 
7.0E+04 3.68E+08 
1.0E+05 4.39E+08 

* terences: 208, 210, 214, 218, 219, 271 

Accuracy; 20% 

Bote; The data refer to the SUM of the cross sections for R2* • H 2 -> (H* 
• H ) p r o J . and H/ • H 2 -> (H + H ) p r o J . . 

Chebyshev Fitting Parameters for Cross Sections 

E ^ * 2.0E+03 eV/amu, E,,^ = 1.0E+05 ev/amu 

A0 Al A2 A3 A4 A5 A6 
-70.6702 -.632612 -.606521 -.0915143 -.0121710 .0168179 .0104797 

The fit represents the above cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.6% at 1.0E+04 ev/amu. 

Cross Section 
(cm*) 

4.98E-16 
7.09E-16 
8.12E-16 
8.22E-16 
8.05E-16 
7.44E-16 
4.70E-16 
2.21E-16 
1.21E-16 

See appendix for Chebyshev fit details. 
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G-32 

Partial Cross Sections for Dissociation 
of Fast H2* ions in Passage Through H 2 

H2* • B 2 -> (H* + H) • H 2 

Energy Veloc i ty Cross Section 
(ev/amu) (cm/s) (OB*) 

l.OE+01 4.39E+06 6.14E-17 
2 .0EO1 6.21E+06 6.58E-17 
4.0E+01 8.79E+06 6.96E-17 
7.0E+01 1.16E+07 7.64E-17 
l.OE+02 1.39E+0? 8.16E-17 
1.5B+02 1.70C+07 9.19E-17 
2.0B+02 1.96E+07 1.01K-16 
4.0E+02 2.78E+07 1.24E-16 
7.0E+02 3.68E+07 1.47.S-16 
1.06*03 4.39E+07 1.60S-16 
1.5E+03 5.36E+07 1.65b-16 
2 . 06*03 6.21E+07 1.67E-16 
4.0E+03 8.79E+07 1.68E-16 
7.0E+03 1.16E+08 1.67E-16 
1.0E+04 1.39E+08 1.65E-16 
1.5E+04 1.70E+08 1.55E-16 
2.0E+04 1.96E+08 1.47E-16 
4.0B+04 2.78E+08 1.13E-16 
7.0E+04 3.68E+08 8.34E-17 
1.0E+05 4.39E+08 6.73E-17 
1.5E+05 5.38E+08 5.12E-17 
2.0E+05 6.21E+08 4.22E-17 
4.0E+05 8.78E+08 2.58E-17 
7.0E+05 1.16E+09 1.74E-17 
1.0E+06 1.39E+09 1.34E-17 

References: 271, 527, 528, 529, 560, 589, 591 
Accuracy: E < 5x10* ev/amu, 40% 

E > 5x10* eV/amu, 20% 
Botes: (1) At the lower impact energies, the results of the various 
investigators depend on the initial vibrational-state distributions of 
the H2* ion. (2) In the ev range, Hj* projectiles were used with D 2 target and D 2* projectiles with H 2 target (see Ref, 589). 

Chebvsnev fitting Parameters for Cross Sections 

B«in " 1'0E+01 ev/amu, £_.„ - 1.0E+06 ev/amu 

A0 Al A2 A3 A4 A5 A6 
-74.5723 -.555602 -.906658 -.238001 .110022 .0251065 .00343160 

The fit represents the above cross section with an rms deviation of 2.6%. 
The maximum deviation is 5.8% at 4.0E+03 eV/amu. 

Se« appendix for Chebyshev fit details. 
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G-34 

Cross Sections for the Formation • f Fast Protons from H :* in He 
H2* + He -> Total H* 

<V(He) 
Energy Cross Sectio 
(ev/amu) (cm2) 

1.0E+03 3.69E-17 
1.5B+03 5.75E-17 
2.0B+03 7.43B-17 
4.0E+03 1.17E-16 
7-0B+03 1.53E-16 
1.0E+04 1.72E-16 
1.5E+04 1.86E-16 
2.0E+04 1.94E-16 
3.0B+04 2.01E-16 
3.5B+04 2.01E-16 
4.0E+04 2.00E-16 
7.0E+04 1.84E-16 
1.0E+05 1.57E-16 
1.5E+05 1.22E-16 
2.0E+05 9.81E-17 
4.0E+05 5.21E-17 
6 0B+05 3.35E-17 
6.5B+05 3.06B-17 

References: 86, 527, 528, 531, 562, 570 
Accuracy: '">% 
Botes: (1) More recent cross-section data from Ref. 562 (between 2x10* to 
8x10' ev/amu) exceed the earlier data by approximately 40% at 8x10* eV/arau 
to approximately 360% at 2x10* ev/amu. (2) a;*[He) refers to the sum: o{H* 
* HJproj. + 2<7(H* • H ' ) P t o i . 

Chebvahev Fitting Parameters for Cross Sections 

an*(He) E,,,̂  *• 1.0E+03 eV/amu, E m a x - 6.5E+05 eV/amu 

A0 Al A2 A3 A4 AS A6 

«„•(»>•) -74.0323 -.0912960 - 9C096C -.0399950 -,0205956 .0309465 .00869410 

The fit represents the a** cross section with an rms deviation of 1.0%. 
The maximum deviation is 1.4% at 2.0E+05 ev/amu. 

See appendix for Chebyshev fit details. 



G-35 

H/ + He - > H+ 

10 
, -«5 

£ o 
C 
o 
o 
<D 

(/> 
(/) 
cn 
O v. 
U 

Cross Section vs. Energy 
1 1 1 1 1 1 — i — i — i — 1 1 1 1 1 1 — i — i — i — 1 1 1 1 1 

10" 17 J I I I I ILLl I I I 1 1 I I |,| ' I I.J I I I I , 

X = 0„.(He) 

Recommended 
-Oota 

Chebyshev Fit 

itf 104 10* 
Energy (eV/amu) 

10° 



G-36 

Cross Sections for Dissociation of Fast H;* Ions in Passage Thxouqh K*» 

H2' He -> (H + H) + He 

Low Energy 
Energy Cross Section 
(ev/anu) (CM 1) 

9.7E+00 6.55E-17 
1.1E+01 6.55E-17 
1.2E+01 6.55E-17 
1.3E+01 6.56E-17 
1.3E+01 6.56E-17 
1.5B+01 6.56E-17 
1.5E+01 6.56E-17 
1.6E+01 6.56E-17 
1.7E+01 6.61E-17 
1.8E+01 6.57E-17 
1.9E+01 6.55E-17 
2.0E+01 6.59E-17 
2.1E+01 6.59E-17 
2.2E+01 6.58E-17 
2.3E+01 6.57E-17 
2.4E+01 6.55E-17 

High Energy 
Energy Cross Section 

(eV/amu) (cm*) 
2.0E+03 2.11E-16 
4.0E+03 1.93E-16 
7.0E+03 1.69E-16 
1.0E+04 1.46E-16 
1.5E+04 1.22E-16 
2.0E+04 1.07E-16 
4.0E+04 7.35E-17 
7.0E+04 5.39E-17 
1.0E+05 4.46E-1* 
1.5E+05 3.35E-17 
2.OE+05 2.68E-17 
4.0E+05 1.51E-17 
7.0E+05 8.82E-18 
1.0E+06 6.37E-18 

References'. 527, 528, 560, 562 
Accuracy: E > 5x10* eV/arav., 20% 

2xl05 < E < BxlO3 eV/amu, 15% (see Ref. 562) 
E < 10* ev/anu. Unknown 

Botes; (1) At lower impact energies the results of the various investigators 
depend on the initial vibrational state distribution of the H2* ion. (2) The 
data at 10 to 25 eV/amu were taken with D2* instead of H2* as the projectile. 
(3) Mo attempt has been made to interpolate between the low and high energy 
data. 

Chebvshev Fitting Parameters for Cross Sections 

Low Energy 
High Energy fmin 

Emin 
9.7E+O0 eV/amu, 
2.0E+03 fV/amu, "max 

^max 
2.4E+01 ev/arau 
1.0E+06 eV/amu 

AO Al A2 A3 m AS A6 
Low Enarqy -74.5250 .00171127 
High Energy -75.0072 -1.76360 

.000929677 -.00133213 -.000620656 -.000378036 -.000458557 

.3)4933 .000919287 -.0200220 .0135139 .0139802 

The fit represents the Low Energy cross section with an rms deviation of 0.2%. 
The maximum deviation is 0.4% at 1.9E+01 ev/amu. 
The fit represents the High Energy cross section with an rms deviation of 0.8%. 
The maximum deviation is 1.3% at 2.0E*05 ev/amu. 

See appendix for Chenyshev fit details. 
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C-38 

Cross Sections for Formation of Fast H* for 
Fast H 2 Projectiles 

H 2 • H 2 -> H* 

Low E 
Energy Cross Section 
(eV/amu) (cm2) 

2.5E+03 2.04E-17 
4.0E+03 2.62E-17 
7.0E+03 3.61E-17 
1.0E+04 4.52E-17 
1.5E+04 5.74E-17 
2.0E+04 6.71E-17 
2.4E+04 6.89E-17 
3.0E+04 6.25B-17 
4.0E+04 4.34E-17 
5.0E+04 2.80E-17 

Passing Through H 2 

(Fast,Total) 

High E 
Energy 

(ev/amu) 

.5E+05 
0E+05 
5E+05 
OE+05 
.0E+D5 
.0E+05 
0E+05 

Cross Section 
(CM*) 

6.13E-17 
4.61E-17 
3.70E-17 
3.13E-17 
2.56E-17 
2.25E-17 
2.12E-17 

Referencest 31, 535 
Accuracy; Unknown 
•otes; (1) The low energy data are from Ref. 31, while the high energy data are 
taken froM Ref. 535. (2) This data involves the SUM of the cross sections for 
the products: o(H* + H) P r oj. -t 2a(H* + H * ) P r o J . • <j(H* + H " ) P t o J . . (3) Mo attempt 
has been Made to join the high and low energy data sets. 

Chebvshev Fitting Parameters for Cross Sections 

Low E 
High E 5«in 

Bmin 
2.5E+03 eV/amu, 
1.5B+05 eV/aimj, "max 

Tnax 
5.0E+04 eV/amu 
6.0B+05 eV/amu 

AC M A2 A3 A4 A5 A6 
Low E -75.7161 .371301 -.373363 -.209805 -.0677263 -.00389719 .0259767 
High E -75.8616 -.542987 .0642733 .0118753 -.00148111 .000221649 .00636358 

The fit represents the Low E cross section with an rms deviation of 0.7%. 
The maximum deviation is 1.2% at 1.5E+04 eV/amu. 
The fit represents the High E cross section with an rms deviation of 0.0%. 
The maximum deviation is 0.0% at 4.0E+05 ev/amu. 

See appendix for Chebyshev fit details. 
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K + H, - > H* (Fast, Total) 
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G-40 

Cross Sections for the Format ion of Fast H from 
Fast H 2 Projectiles Passing Through H : 

H 2 + H 2 -> H (Fast,Total) 

Energy Velocity 
(ev/anu) (cm/s) 
2.5E+03 6.95E+07 
3.0E+03 7.61E+07 
4.0E+03 8.79E+07 
5.0E+03 9.82E+07 
6.0E+03 1.08E+08 
7.0E+03 1.16E+08 
8.0E+03 1.24E+08 
9.0E+03 1.32E+08 
1.0E*04 1.39E+08 
1.3E+04 1.58E+08 
1.5E+04 1.70E+08 
2.0E+04 1.96E+08 
3.0E+04 2.41E+08 
4.0E+04 2.78E+08 
S.OE+04 3.11E+08 

References; 31, 536 
Accuracy; 40% 
Bote: This data involves the SUM of the cross sections for the products: 
o(B* + H ) P r o ] . + 2o(H * H)p r o ].. Variations in ion source conditions produce 
changes up to 10% in the Measured values (see Ref. 536). 

Chebvshev Fitting Parameters for Cross Sections 

E „ l n - 2.5E+03 eV/amu, E ^ ^ - 5.0E+04 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-71.7329 -.200109 -.223241 -.0773361 -.0140887 .056318b -.00955263 

The fit represents the above cross section with an rms deviation of 2.5%. 
The maximum deviation is 4.4% at 7.0E+03 eV/amu. 

Cross Section 
(cm1) 

2.62E-16 
2.89E-16 
3.08E-16 
3.08E-16 
2.95E-16 
2.85E-16 
2.93B-16 
3.13E-16 
3.32E-16 
3.46E-16 
3.43E-16 
3.16E-16 
2.49E-16 
2.00E-16 
1.65E-16 

See appendix for Chebyshev fit details. 
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H2 + H 3 - > H (Fast. Total) 

£ 
o 
c o 
"o 
<D 

l/> 
in 
in 
O 
i_ 

U 

10 - '5 

10" •w 

105 

Cross Section vs. Energy 
-i 1 1 — i — i — r i i | T 1 1—r -i—r 

J i L_l ' • ' ' » J I I ' ' ' ' ' 

Recommended 
Doto 

Chebyshev Fit 

i o 4 

Energy (eV/amu) 
IC? 



G-42 

Total Destruction Cross Sections for Fast H 2 Projectile in u2 

H 2 • H 2 -> Total Destruction of Fast H 2 Projectile 

Energy 
(ev/aau) 

1.3E+03 
1.5E+03 
2.0E+03 
4.OE+03 
7.0E+03 
1.0E+04 
1.5E+G4 
2.0E+04 
4.0E+04 
5.0E+04 

Velocity 
(cm/s) 

5.01E+07 
5.38E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.78E+08 
3.11E+08 

Cross Sect ion 
(cm2) 

1.59E-16 
1.64E-16 
.76E-16 
.16E-15 
.64E-I6 
.09E-16 

3.45E-16 
3.52E-16 
3.17E-16 
2.92E-16 

Reference: 536 
Accuracy; 20% 
Botes: (1) This cross section is the cum of cross sections for all 
reactions that destroy the fast H 2 molecule in passage through H J # i.e. 
those producing fast H2*, (H+H), (H+H*), and (H*+H*) products, (2) Large 
variations in ion source operating conditions were found to produce 
changes up to 10% in the measured cross section (see Ref. 536). 

Chebyshev Fitting Parameters for Cross Sections 

E„ | i n = 1.3E+03 eV/amu, E„„„ = 5.0E+04 eV/amu "max 

A0 Al 
-71.8671 .380700 

A2 3 A4 A5 A6 
.137630 -.0886297 -.00459765 .0134628 .00197498 

The fit represents the above cioss section with an rms deviation of 0.6%. 
The maximum deviation is 1.2% at 7.OE+03 ev/amu. 

See appendix for Chebyshev fit details. 
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H2 + H 2 - > Total Destruction of Fast H 2 Projectiles 
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G-44 

Total Destruction Cross Sections for H3" Projectile Ions in H 2 

Hj* • H 2 -> Total Destruction of H3* 

Energy 
(ev/asu) 

7. 
1. 
1. 
2. 
3. 
3. 

1.6E+03 
2.06+03 
4.06+03 
.06+03 
.06+04 
.56*04 
.06+04 
.OE+04 
•5E+04 

Velocity 
(CM/S) 

5.56E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.70E+08 
1.96E+08 
2.41E+08 
2.60E+08 

Cross Section 
(cm2) 

3.39E-16 
3.78E-16 
5.076-16 
6.106-16 
6.656-16 
7.066-16 
6.81E-16 
5.93E-16 
5.58E-16 

Reference: 536 
Accuracy: 20% 
totes: (1) This cross section is the sua of cross sections for all 
reactions that destroy the H3* Molecular ion in passage through H 2. (2) 
Large variations in ion source operating conditions were found to produce 
changes up to 10% in the Measured cross sections (see Ref. 536). 

Chebyshev Pitting Paraweterg for Cross Sections 

^ n - 1.6E+03 ev/ 

A0 Al A2 
70.3701 .284601 -.184305 -.04 

>V/a«u, E,,^ - 3.5E+04 ev/axu 

A3 A4 A5 A6 
0425670 -.00921848 .00698594 .00725332 

The fit represents the above cross section with an ras deviation of 0.3%. 
The naxiMUM deviation is 0.5% at 1.OE+04 eV/amu. 

See appendix for Chebyshev fit details. 
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H + + H - > Totol Destruction of H 3* Projectiles 
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G-46 

Total Destruction Cross Sections for H 2* Projecti\e Ions in H : 

H 2* + H 2 -> Total Destruction of H 2* 

Energy Velocity Cross Section 
(ev/axu) <cm/s) (cat1) 
1.5E+03 5.38E+07 8.12E-16 
2.0E+03 6.21E+07 8.18E-16 
4.02+03 8.79E+07 8.30E-16 
7.0E+03 1.16E+08 8.15E-16 
1.0E+04 1.39E+08 8.18E-16 
1. 56+04 1.70E+08 8.46E-16 
2.0E+04 1.96E+08 7.75E-16 
4.0E+04 2.78E+08 4.69E-16 
5.0E+04 3.11E+08 3.81E-16 

References: 536, 589 
Accuracy: 20% 
Botes: (1) This cross section is the S U M of cross sections for all 
reactions that destroy the H 2* Molecular ion in passage through H 2. (2) 
Large variaMons in ion source operating conditions were found to produce 
changes up to 10% in the Measure cross sections (see Ref. 536). 

Chebvshev Fitting Parameters for Cross Sections 

Zmin = 1.3E+03 ev/arou, E , ^ - 5.0E+04 eV/anu 

AO Al A2 A3 A4 A5 A6 
-69.7995 -.288081 -.216489 -.102343 -.0344599 .0155290 .0223268 

The fit represents the above cross section with an rms deviation of 0.9%. 
The Maximum deviation is 1.3% at 1.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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H 2* + H 2 - > Total Destruction of H * Projectiles 
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G-48 

Cross Sections for Production of Fast H* From H3* Projectiles in H ; 

H3* + H 2 -> H* (Total,Projectile) 

Energy Velocity Cross Section 
(eV/amu) (cm/s) (cm1) 

4.0E+01 8.84E+06 6.00E-18 
7.0E+01 J.16B+07 6.91E-18 
1.0E+02 1.39E+07 7.61E-18 
2.0E+02 1.96E+07 8.89E-18 
4.0E+02 2.7SE+07 1.19E-17 
7.0E+02 3.68E+07 1.78E-17 
1.0E+03 4.39E+07 2.49E-17 
1.5E+03 5.38E+07 3.99E-17 
2.0E+03 6.21E+07 5.41B-17 
4.0E+03 8.79E+07 9.80E-17 
7.0E+O3 1.16E+08 1.42E-16 
1.0E+04 1.39E+08 1.77E-16 
2.0E+04 1.96E+08 2.14E-16 
4.0E+04 2.78E+08 2.33E-16 
7.0E+04 3.68E+08 2.39E-16 
1.0E+05 4.39E+08 2.28E-16 
2.0E+05 6.21E+08 1.74E-16 
4.0E+05 8.78E+08 1.08E-16 
6.0E+05 1.08E+09 7.15E-17 

References; 86, 214, 535, 574 
Accuracy; 30% 
Hote: Large variations in measured dissociation cross sections have been 
ascribed to the influence of H3* ions formed in ion sources with varying 
degrees of vibrational excitation. 

Chebvshev Fitting Parameters for Cross Sections 

E ^ - 4.0E+01 eV/amu, E^^ - 6.0E+05 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-75.3369 1.74367 -.759749 -.559135 .0918355 .0438106 -.0940811 

The fit represents the above cross section with an rms deviation of 3.4%. 
The maximum deviation is 5.3% at 7.0E+Q2 eV/amu. 

See appendix for Chebyshev fit details. 
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H 3 * + H 2 - > H* (Total, Projectile) 
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G-50 

Cross Sections for Production of Fast H;* From H3* Projectiles in H : 

H3* + H 2 -> H2* (Total,Projectile) 

Energy Cross Sec t ion 
(ev/anu) <cm2) 

1.1E+02 1.34E-17 
2.0E+O2 1.99E-17 
4.0E+02 2.93E-17 
7.0E+O2 4.17E-17 
1.0E+03 5.09E-17 
1.5B+G3 6.53E-17 
2.0E+O3 7.96E-17 
4.0E+O3 1.18E-16 
7.0E+03 1.29E-16 
1.0E+04 1.29E-16 
2.0E+04 1.18E-16 
4.0E+04 9.62E-17 
7.0B+04 7.75E-17 
1.0E+05 6.62E-17 
2.0E+05 4.69E-17 
4.0E+05 2.86E-17 
6.0E+05 2.03E-17 

References: 86, 214, 535, 574 
Accuracy: 30% 
Wote: Large variations in measured dissociation cross sections have been 
aecribed to the influence of H3' ions formed in ion sources with varying 
degrees of vibrational excitation. 

Chebvshev Fitting parameters for Cross Sections 

E ^ ^ - 1.1E+02 eV/amu, Emax = 6.0E+05 ev/amu 

A0 Al A2 A3 A4 A5 A6 
-75.4231 .295854 -.985779 -.0762360 .0980699 -.0248092 -.0512818 

The fit represents the cross section with an rms deviation of 2.4%. 
The maximum deviation ie 4.1% at 4.0E+05 eV/amu. 

See appendix for Chebyshev fit details. 
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G-32 

Cress Sections for Production of Fast H from Hj* Projectiles in H; 

H3* • H 2 -> H (Total,Projectile) 

Energy 
(eV/amu) 

Velocity 
(cm/s) 

5E+03 
OE+03 
. OE+03 
. OE+03 
. OE+04 
3E+04 
.OE+04 
.OE+04 
.OE+04 
.OE+05 
.OE+05 
.OE+05 
. OE+05 

.42E+07 

.21E+07 

.79E+07 

.16E+08 

.39E+08 

.58E+08 

.96E+08 
2.78E+08 
3.68E+08 
4.39E+08 
6.21E+08 
8.78E+08 
1.08E+09 

Cross Section 
(cm2) 

3.20E-16 
4.26E-16 
6.94E-16 
8.90E-16 
9.69E-16 
9.96E-16 
9.02E-16 
5.77E-16 
3.56E-16 
2.62E-16 
1.45E-16 
7.79E-17 
5.48G-17 

References; 214, 535 
Accuracy: 30% 
Bote; Large variations in measured dissociation cross sections have been 
ascribed to the influence of H3* ions formed in ion sources with varying 
degrees of vibrational excitation. 

Chebvshev Fitting Parameters for Cross Sections 

E m i n = 1.5E+03 eV/amu, E j n a x = 6. OE+05 eV/amu 

A0 Al A2 A3 A4 
-71.5391 -1.05347 -.826342 .203507 .0536140 

A5 A6 
.0425785 -.0185315 

The *<t represents the above cross section with an rms deviation of 1.8%. 
The maximum deviation is 2.9% at 4.OE+05 ev/amu. 

See appendix for Chebyshev fit details. 
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G-34 

Cross Sections for Production of Fast H 2 from H3* F-rojeetiles in H; 

H3* • H 2 -> H 2 (Total,Projectile) 

Energy Velocity Cross Section 
(eV/amu) icm/s) (OB 2) 

3.0E+01 7.61E+06 5.03E-17 
4.0E+01 8.79E+06 5.18E-17 
7.0E+01 1.16E+07 5.74E-17 
1.0E+02 1.39E+07 6.29E-17 
1.5E+02 1.7OB+07 7.07E-17 
2.0E+02 1.96E+07 7.82E-17 
4.0E+02 2.78E+07 1.10E-16 
7.0E+02 3.68E+07 1.48E-16 
1.06+03 4.39E+07 1.81E-16 
1.5E+03 5.38E+07 2.25E-16 
2.0E+03 6.21E+07 2.63E-16 
4.0E+03 8.79E+07 3.64E-16 
7.06*03 1.16E+08 4.26E-16 
B.0E+03 1.24E+08 4.31E-16 
1.0E+04 1.39E+08 4.30E-16 
1.5B+04 1.70E+08 3.83E-16 
2.0E+04 K96E+08 3.22E-16 
4.0E+04 2.78E+08 1.50E-16 
7.0E+04 3-68E+08 6.49E-17 
1.0E+05 4.39E+08 3.65Z-17 
1.5E+0S 5.38E+08 1.98E-17 
2.0E+05 6.21E+08 1.34E-17 
4.0E+05 8.78E+08 6.90B-18 
6.0E+05 1.08E+09 6.09E-18 

References: 214, 535, 585 
Accuracy; 30% 
Bote; Large variations in Measured dissociation cross sections have been 
ascribed to the influence of H}* ions formed in ion sources with varying 
degrees of vibrational excitation. 

Chebvshev Fitting Parameters for Cross Sections 

e^j,, - 3.0E+01 eV/amu, E^,, « 5.0E+05 eV/amu 

AO Al A2 A3 A4 A5 A6 
-74.8168 -.899995 -1.57067 -.379862 .384429 .264557 .0263143 

The fit represents the above cross section with an rms deviation of 4.1%. 
The maximum deviation is 6.5% at 1.0E+05 eV/amu. 

See appendix for Chebyshev fit details. 
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G-56 

Cross Sections for the Formation of Fast H* From 
the Dissociat ion of H3* Pro jec t i l e s in He 

H3* • He -> H* (Total) 

Energy 
»eV/amu) 

l.GE+03 
1.5E+03 
2.0E+03 
4.0B+03 
7.0E+03 
1.0E+04 
1.5E+04 
l.TE+04 

Velocity 
(cm/s) 

4.39E+07 
5.38E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.70B+08 
1.81E+08 

Cross Section 
(cm2) 

2.19E-17 
3.20E-17 
4.18E-17 
7.20E-17 
1.02E-16 
1.20E-16 
1.36E-16 
1.39E-16 

Reference: 86 
Accuracy; 20% 
Botes: Hone 

Chebvshev Fitting Parameters for Cross Sections 

Smin 1.0E+03 ev/ max 1.7E+04 ev/amu 

A0 Al A2 A3 A4 
-74.5849 .941781 -.146192 -.0143319 .000599232 

A5 A6 
.00304737 .00231477 

The fit represents the above cross section with an rms deviation of 0.1% 
The maximum deviation is 0.2% at 1.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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G-58 

Cross Sections for the Fornation of Fast H 2 From 
the Dissociation of H3* Projectiles in Be 

Hj* • He -> H2* 

Energy 
(ev/amu) 

1.0E+03 
1.5E+03 
2.0E+03 
4.0E+03 
7.0E+03 
1.0E+04 
1.5E+04 
1.7E+04 

Velocity 
(cm/s) 

4.39E+07 
5.38E+07 
6.21E+07 
8.79E+07 
1.16E+08 
1.39E+08 
1.70E+08 
1.81E+08 

Cross Section 
(on*) 

1.67E-17 
2.50E-17 
3.25E-17 
5.48E-17 
7.57E-17 
9.00E-17 
1.06E-16 
1.10E-16 

Reference; 86 
Accuracy; 20% 
Botes: Hone 

Chebvshev Fitting Parameters for Cross Sections 

6min 1.0E+03 ev/amu. "max 1.7E+04 eV/, 

A0 Al A2 A3 A4 AS A6 
-75.1127 .939201 -.132028 .00680760 .000497736 -.00339960 -.000620124 

The fit represents the above cross section with an rras deviation of 0.0%. 
The Maximum deviation is O.Ot at 1.0E+04 ev/amu. 

See appendix for Chebyshev fit details. 
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G-MJ 

Total Cross Sections for the Dissociation of HeH* in H 2 

HeH* + H 2 -> Total HeH* Dissociation Products 

Energy 
(ev/ami) 

1.0E+04 
1.5E+04 
2.0E+04 
4.0E+04 
7-0E+04 
1.0E+05 
1.5E+05 
2.0E+05 

Velocity 
(cm/s) 

Cross Section 

39E+08 
70E+08 
96E+08 
78E+08 
68E+08 
39E+08 
38E+08 

(cm1) 

6-21E+08 

.85E-16 
13B-16 
.59E-16 
-65E-16 
.14E-16 
-41E-16 

1.05E-16 
9.07E-17 

Reference; 610 
Accuracy: 20% 
Botes; (1) This reaction involves the total dissociation cross section 
obtained from the sunt of the partial cross sections for the formation of 
fast projectile fragments, i.e. (He+H), (He*+H), (He+H*) and (He*+H*). (2) 
See Ref. 610 for partial cross sections in the 1-2 x 10s ev/aau energy 
range. 

Chebvshev Fitting Parameters for Cross Sections 

E m l n = 1.0E+04 ev/amu, E m a x = 2.0E+05 eV/amu 

A0 Al A2 A3 A4 AS A6 
-71.6345 -1.10463 -.128721 .0876009 .0373958 .00719887 -.0189657 

The fit represents the above cross section with an rms deviation of 0.o%. 
The maximum deviation is 1.5% at 1.0E+05 ev/amu. 

See appendix for Chebyshev fit details. 



G-61 

HeH* + H, - > Total HeH* Dissociation 

£ 
c q 
0) 

</) 
<n 
o 
u 

10 !5 

10 .-»« 

10 -17 

icr 

Cross Section vs. Energy 
-i r — i — i — 1 ~ i i i T 1 1—i—r 

Recommended 
-Data 

Chebyshev Fit 

' ' i i i i i i I -i 1 i — i i : ,i-

105 

Energy (eV/amu) 
10° 



G-62 

Energy 
(eV/anu) 
OE+04 
5E+04 
OE+04 
OE+04 
0E+04 
OE+04 
OE+04 
OE+04 

8.OE+04 
9.OE+04 
1.0E+05 
1.5E+05 
2.0E+05 

r the Dissociation of HeH * in He 

HeH* Dissociation Product 8 

velocity Cross Section 
(cm/s) (cm1] 

1.39E+08 2.09E-16 
1.70E+08 2.98E-16 
J.96E+08 3.14E-16 
2.41E+08 3.0OE-16 
2.78E+08 2.73E-16 
3.11E+08 2.44E-16 
3.40E+08 2.15E-16 
3.68E+08 1.93E-16 
3.93E+08 1.73E-16 
4.17E+0U 1.58E-16 
4.39E+08 1.44E-16 
5.38E+08 1.03E-16 
6.21E+08 8.54E-17 

Reference: 610 
Accuracy; 20% 
Motes: (1J This reaction involves the total dissociation cross section 
obtained frca the SUM of the partial cross sections for the formation of 
fast projectile fragments, i.e. (HJ+H), (He*+H), (He+H*) and (He*+H*). (2) 
See Ref. 610 for partial cross sections in the 1-2 x 10s eV/amu energy 
range. 

Chebyshev Fitting Parameters for Cross Sections 

E,,^ - 1.OE+04 ev/arau, E,,,̂  * 2.OE+05 ev/amu 

A0 Al A2 A3 A4 AS A6 
-72.4377 -.561126 -.322720 .0959965 -.00323223 .017197 -.00704447 

The fit represents the above cross section with an rms deviation of 0.3%. 
The maximum deviation is 0.6% at 6.OE+04 eV/amu. 

See appendix for Chebyshev fit details. 



G-63 

HeH* + He - > Total HeH+ Dissociation 
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H. Cross Sections for Interchange Reactions 

Page 
H + + D 2 -> D* + HD H-2 

-> HD* + D H-2 
HD* + D 2 -> HD2* + D H-4 

-> D3* + H H-4 
HD*(««0) + He -> HeH+ + D H-6 
HD*(.=1) + He -> HeH* + D H-6 
HD*(v«2) + He -> HeH* + D H-6 
HD+(w*3) + He -> HeH* + D H-6 
HD*(„M) + He -> HeH* + D H-6 
H2* + He -> HeH* + H H-8 
H2* + H 2 -> H3* + H H-10 
D2* + D 2 -> D3* + D H-12 
D2*(»=0) + H 2 -> HD2* + H H-14 
D2*(u=l) + H 2 -> HD2* + H H-14 
D2*(u=2) + H 2 -> HD2* + H H-14 
D2*(u=3) + H 2 -> HD2* + H H-14 
H2*(u=0) + D 2 -> HD2* + D H-16 
H2*(»=l) + D 2 -> HD2* + D H-16 
H2*(«*2) + D 2 -> HD2* + D H-16 
H2*(u*3) + D 2 -> HD2* + D H-16 
H2*(»=4) + D 2 -> HD2* + D H-16 



Cross Reactions for Interchange Reactions Between Protons and n 2 

H* + D 2 -> D* + HD 
-> HD* + D 

+ RD HD' + D 
Energy Cross Section 
(ev/aau) (cm*) 
4.5E-01 1.18E-15 
7.0E-01 7.38E-16 
1.0E+00 4.69E-16 
1.5E+00 2.59E-16 
2.0E+00 1.59E-16 
4.0E+00 4.15E-17 
7.0E+00 1.47E-17 
1.0E+01 1.10E-17 
1.5E+01 9.80E-18 
2.0B+01 8.78E-18 
4.0E+01 5.18E-18 
7.0E+01 2.90E-18 
1.0E+02 2.01E-18 

Energy Cross Section 
(eV/amu) tern') 
2.2E+00 4.67E-18 
4.0E+00 2.22E-17 
4.5E+00 2.26E-17 
7.0E+00 1.29E-17 
1.0E+01 4.03E-18 
1.5E+01 1.28E-18 
2.0E+01 6.95E-19 
4.0E+01 2.72E-19 
7.0E+01 1.87E-19 
1.0E+02 1.67E-19 

References: 602, 603, 604, 60S, 606, 620 
Accuracy: Unknown 
Botes: (1) For proton energies about 5 eV the production of D* may proceed 
also via H* * D 2 -> D* + D + H. (2) For total reaction cross sections see: 
Maier (Ref. 602); Ochs and Teloy (Ref. 604); Schlier et al. (Ref. 605); andJ 
Holliday et al. (Ref. 603). (3) For relative yields of D* and HD* see: Krenosr 

and Wolfgang (Ref. 620). (4) Rate coefficient for thermal energy is: k 
3.7x10 em'/s from Fehsenfeld et al. (Ref. 606). 

Chebvshev Fitting Parameters for Cross Sections 

D + HD 
HD* + D ^in 

Emin 
4.5E-01 eV/amu, E,,,̂  
2.2E+00 eV/amu, E_-„ 

l.OE-e-02 ev/<unu 
l.o„*02 ev/amu 

A0 Al A2 
D* + HD -75.6468 -3.22911 .412113 
HD* + D -82.0488 -2.46136 -.299817 

A3 A4 A5 A6 
.0393398 -.261749 .00129512 .120885 
.833081 -.341103 -.0343948 .0959803 

The fit represents the C* • HD cross section with an rms deviation of 4.9%. 
The maximum deviation is 9.3% at 7.0E»00 eV/amu. 
The fit represents the HP* • D cross section with an rms deviation of 3.5%. 
The maximum deviation is 7.0% at 1.0E+01 ev/amu. 

See appendix for Chwbyshev fit details. 



H-3 

H* + D, - > D* + HD 
H+ -I- D: - > HD+ + D 
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H-4 

Cross Sections for Interchange Reactions Between HD* and U2 
HD* • Da -> HD2* + D 

-> D 3* + H 

HD2* • D Dj* • H 
Energy Cross Section 

(ev/asu) (cm*) 
6.0E-03 6.52E-15 
7.0B-03 5.99E-15 
1.0E-02 5.03E-15 
1.5E-02 4.15E-15 
2.0E-02 3.58E-15 
4.0E-02 2.48E-15 
7.0E-02 1.80E-15 
1.0E-01 1.47B-15 
1.5E-01 1.14E-15 
2.0E-01 9.55E-16 
4.0E-01 5.78E-16 
7.0B-01 3. ME-16 
1.0E+00 2.30E-16 
1.5E+00 1.20E-16 
2.0E+00 6.60E-17 
4.0E+00 6.33E-18 
4.3E+O0 4.59E-18 

Energy Cross Section 
(eV/amu) [cm2) 

6.0E-03 1.17E-14 
7.0E-03 1.10E-14 
1.0E-02 9.45E-15 
1.5E-02 7.92E-15 
2.0E-02 6.93E-15 
4.0E-02 5.08E-15 
7.OE-02 4.11E-1S 
1.0E-01 3.58E-15 
1.5E-01 3.07E-15 
2.0E-01 2.70E-15 
4.0E-01 1.85E-15 
7.0E-01 1.11E-15 
1.0E+00 7.05E-16 
1.5E+00 3.49E-16 
2.0E+00 1.82E-16 
4.0E+00 1.47E-17 
4.3E+00 9.62E-18 

References; 607, 608 
Accuracy; unknown 
itotes; Bone 

Chebvshev Fitting Parameter8 for Cross Sections 

^ * D ^ n " 6 ' 0 B - ° 3 eV/amu, E , ^ - 4.3E+00 ev/ami 
D 3* * H E^,, - 6.0E-O3 eV/amu, E,,,̂  « 4.3E+00 eV/amu 

A0 Al A2 A3 A4 AS A6 
HD2* + D -68.6683 -2.92522 -l.G&dsi -.570210 -.198731 -.0387800 -.0184986 
D 3* + H -70.3595 -3.11828 -.916067 -.449998 -.194126 -.0628098 -.00822327 

The fit represents the HD2* + D cross section with an rms deviation of 1.3%. 
The maximum deviation is 2.9% at 4.3E+00 ev/anu. 
The fit represents the D3* • H cross section with an rms deviation of 0.5%. 
The maximum deviation is 0.9% at 4.0E+00 eV/antu. 

See appendix for Chebyehev fit detail?. 
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HD+ + D2 - > HD * + D 
HD+ + D, - > D, + H 
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H-b 

Cross Sections for Interchange Reactions Between HO* and He 

HD*(») • He -> HeH* • 0 

v - i 

Energy o EMrgy o Rn«r9Y O Energy O Eiwjrgy O 

I f / M l ( c 1 ) ( « V / « R ) (CM*) («v/aau) ( c - ' l ( •V/am) < c ' l !*V/aaol ( c » 2 ) 

i.re-oi 7.7M-1I 1.9E-01 2.S3E-I7 2.0E-0! 6.1SE-17 2.0E-01 1.25E-16 1.9E-01 2.2SE-16 
2.0C-01 7 .71S-U j.oe-oi 2.44E-01 3.0E-01 3.021-17 2.SE-01 I.OJE-16 2.01-01 2.06E-16 
3.0K-01 7.36E-14 1.01-01 1.04B-17 4.0E-01 2.49E-I7 3.0E-01 0.OCE-17 3.0E-0I 1.26C-16 
4.0E-01 ( . m - t i 4.01-01 1.461-17 S.OE-OI 1.71E-17 4.0E-01 4 . - - 17 4.0E-01 0.0)1-17 
s.oe-oi 6.27C-19 S.OE-OI 1.22E-17 6.0E-01 1.27E-S7 s.oe-oi 2.54E-17 S.0E-0I S.29E-17 
6.0Z-01 S.79E-19 6.01-01 1.048-17 7.0E-01 1.04E-17 6.0E-01 J.79E-17 6.0E-01 3.54E-I7 
7.oe-oi S.37E-1B 7.0E-01 9.22E-I9 •.OE-OI 9.99E-19 7.0E-C: 1.42E-17 7.0E-01 2.44E-I7 
• .OS -01 5.00E-19 8.0E-01 9.26E-18 9.0E-01 9.09E-19 9.01-01 1.2JE-17 I.0E-01 1.691-17 
9.09V01 4.64E-M 9.0E-01 7.S24-19 I.OI'OC 7.4SE-18 9.01-01 1.131-17 9.0E-01 1.22B-17 
1.09>00 4.37E-19 l.OE'OO 6.941-19 1.5E«00 6 . S U - 1 I 1.0E»00 1.0«I-17 1.01*00 9.94E-I9 
1.5E*00 3.31E-19 1.5E»00 5.291-14 I.SE'OO 1.01E-17 1.5E*00 2.36E-19 
1.7E*00 3 . 0 H - 1 I 

References; 609, 611 

Accuracy; Unknown 

Botes; (1) Cross sections are presented as a function of initial vibrational 
quant tat nuaber v. (2) The HO* ion beam was prepared in a given vibrational state 
by selective photoionication of HO (Turner et al. Ref. 611). (3) The thermal-
energy (~0.1 eV) rate coefficient k for the Hl>* • He reaction leading to all 
products In Smith et al. (Ref. 609) is: k - il.25 * O.ljxJO*10 em'/s. 

"iQ roicwcicie for Cioea Sections 

E . _»in 
**« 

_Min 
•in 

1.8E-0I 
1.9E-01 
2.0E-01 
2.0E-0J 
1.8E-01 

eV/amu, 
ev/aaw, 
ev/amu, 
ev/amu, 
ev/amu. 

E«ax * 1.7E+00 
1.5E+00 
1.W+00 
1-5E+00 
1.5E+00 

eV/asw 
ev/a*u 
eV/amu 
ev/asu 
ev/aeu 

*o Al A2 A3 AS A6 

-79.5223 
-70.0041 
-77.1959 
-76.1495 

-.474196 
-.902720 

-1.209)1 
-1.42279 

•7S.9801 -2.27104 

.106022 
.000691936 
.141092 
.227207 
.369722 

The 
The 
The 
The 

The 
The 

The 
The 

The 
The 

.00910711 
.0202377 
.101616 
.112149 

.00412170 

.0019167} 
-.00796021 
- .0607(95 

-.00464579 .00647117 

fit represents the » -
maximum deviation is 0. 

fit represents the » • 
max laws deviation is 0. 

fit represents the u -
maximum deviation is 0. 

fit represents the u • 
maximum deviation Is 1 

fit represents the w -
iclmum deviation is 0. 

0 cross section with an 
1% at 4.06-01 ev/amu. 

1 cross section with an 
4% at 6.0E-01 eV/amu. 

2 cross section with an 
S% at 6.0E-01 ev/amu. 

3 cross section with an 
4% at S.0E-01 ev/amu. 

4 cross section with an 
t \ at 8.0E-01 eV/amu. 

.00108534 .00341162 

.000209519 .00196596 
-.0159991 .0143204 
-.0179064 .0326454 
.00107549 -.00599532 

rms deviation of 0.1%. 

rms deviation of 0.2%. 

rms deviation of 0.2%. 

rms deviation of 0.8%. 

rots deviation of 0.2%. 

See appendix for Chebysfcev f i t deta i l s . 
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H-8 

Cross Sections for Interchange Reactions Between H2* and He 

H2* • He -> HeH* *• H 

Energy Velocity Cross Section 
(eV/amu) (cm/s) (cm1) 
5.6E-01 1.04E+06 5.13E-16 
6.0E-01 1.08E+06 4.81E-16 
7.0E-01 1.16E+06 4.17E-16 
8.0E-01 1.24E+06 3.67E-16 
9.0E-01 1.32E+06 3.24E-16 
1.0E+00 1.39E+06 2.86E-16 
1.5E+00 1.70E+06 1.66E-16 
2.0E+00 1.96E+06 1.04E-16 
3.0E+00 2.41E+06 4.91E-17 
4.0E+00 2.78E+06 3.07E-17 
5.0E+00 3.11E+06 2.23E-17 
6.0E+00 3.40E+06 1.77E-17 
7.0E+0C 3.68E+06 1.49E-17 
8.0E+00 3.93E+06 1.29E-17 
9.0E+00 4.17E+06 1.16E-17 
1.0E+01 4.39E+06 1.05E-17 

References: 609, 611, 612, 613, 614, 615, 616, 617, 618, 619 
Accuracy; Unknown 
Botes; (1) For relative total cross sections see: Neynaber and Magnuson 
(Ref. 618). (2) For absolute cross sections as a function of vibrational 
states of H 2 see: Chupka and Russell (Ref. 616); Chupka et al. (Ref. 
617); Turner et al. (Ref. 611); and Covers and Guyon (Ref. 619). (3) For 
absolute rate constants for production of HeH* as a function of the energy 
see: Von Koch and Friedman (Ref. 615); and Smith et al. (Ref. 609). (4) 
Rate coefficient k, at thermal energy for HeH* production is: k - [1.4 ± 
.15|xl0"10 cmVmol s. (5) For data on D2* + He -> HeD* see: Smith et al. 
(Ref. 609). (6) Rate coefficient k at thermal energy for HeD* production 
is: k - (1.15 1 O.lJxlO"10 ca'/mol.B. 

Chebvshev Fitting Parameters for Cross Sections 

Emin " 5.6E-01 eV/amu, s m a x - 1.0E+01 eV/amu 

A0 Al A2 A3 A4 A5 A6 
-74.2766 -2.05811 -.0177676 .136014 .00555409 -.0251696 -.000631817 

The fit represents the above cross section with an rms deviation of 0.6%. 
The maximum deviation is 1.4% at 3.0E+00 eV/amu. 

See appendix for Chebyshev fit details. 
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H 2* + He - > HeH+ + H 

Cross Section vs. Energy 
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H-10 

Cro63 Sections for Interchange Reactions Between H2* and H 2 

H2* + H 2 -> H3* + H 

Energy 
(ev/a«w) 

OE-02 
OE-02 
OE-02 
OE-02 
OE-01 
0E-01 
0E-01 
OE-01 
OE+00 
5E+00 

2.OE+00 
4.OE+00 
7.OE+00 

Velocity 
(cm/s) 

1.39E+05 
1.96E+05 
2.78E+05 
3.68E+05 
4.39E+05 
6.21E+05 
8.79E+05 
1.16E+06 
1.39E+06 
1.7OE+06 
1.96E+06 
2.78E+06 
3.68E+06 

Cross Section 
(OB 2) 

1.16E-14 
1.03E-14 
8.63E-15 
7.20E-15 
6.23E-15 
4.62E-15 
3.27E-15 
2.43E-1S 
1.87E-15 
1.25E-15 
8.51E-16 
2.09E-16 
2.22E-17 

References: 607, 612, 613, 621, 622, 623, 624, 625, 626, 627, 628, 629, 
631, 632, 633, 636, 637 

Accuracy: ± 45% 
Motes: (1) For relative total cross sections see: Clow and Futrell (Ref. 
625); and Vance and Bailey (Ref. 628). (2) For absolute rate constants as 
a function of the energy see: Clow and Futrell (Ref. 625); Bowers et al. 
(Ref. 626); and Reuben and Friedman (Ref. 627). (3) For energy 
distributions of H3* see: Lees and Rol (Ref. 638); and Gentry et al. (Ref. 
621). (4) For cross sections as a function of v see: Chupka et al. (Ref. 
629); and Koyano and Tanaka (Ref. 633). (5) For k as a function of u see: 
Theard and Hunterss (Ref. 613). (6) Rate coefficient k at thennal energy 
for production of H3* is: k = [2.0 • .15)xl0~9 cm'/s, from Refs. 613, 621. 
623, 625, 626, 627, 631, 637. 

Chebvshev Fitting Parameters for Cross Sections 

6min 1.OE-02 ev/amu, "max 7.OE+00 eV/amu 

A0 Al A2 A3 
-67.8902 -2.58783 -1.02353 -.461932 

A4 A5 A6 
.229219 -.0763343 -.0170793 

The fit represents the above cross section with an rms deviation of 1.2%. 
The maximum deviation is 2.7% at 2.OE+00 eV/amu. 

See appendix for Chebyshev fit details. 
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H-12 

Cross Sections for Interchange reactions 

D2* + D 2 -> D3* + D 

Between D? and D 2 

Energy 
(eV/amu) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

.6E-01 

.OE-01 

.OE-01 

.OE-01 

.OE-01 

.OE-01 

.OE-01 
6.OE-01 
9.0E-01 
1.0E+00 
1.5E+00 
2.0E+00 
3.0E+00 
4.0E+00 
4.2B+00 

Velocity 
(cm/s) 

5.56E+05 
6.21E+05 
7.61E+05 
8.79E+05 
9.32B+05 
1.08B+06 
1.16E+06 
1.24E+06 
1.32E+06 
-39E+06 
.70E+06 
.96E+06 
.41E+06 
.78E+06 
.85E+06 

Cross Section 
(cm') 

1. 
1. 
1. 
2. 
2. 
2. 

60E-15 
43E-15 
OOE-15 
69E-15 
45E-15 
29E-15 
16E-15 
06E-15 

9.77E-16 
9.07E-16 
6.90E-16 
5.55E-16 
4.01E-16 
3.15E-16 
3.04E-16 

References: 623, 625, 626, 627, 631, 647 
Accuracy: Unknown 
Botes: (1) For relative cross sections see: Clow and Futrell (Ref. 625). (2) 
For absolute rate constants as a function of energy see: Drewitt (Ref. 631); 
Harrison et al. (Ref. 623); Reuben and Friedman (Ref. 627); Clow and Futrell 
(Ref. 625); and Bowers et al. (Ref. 626). (3) For kinetic energy distributions 
of D 3* products see: Doverspike and Champion (Ref. 647). (4) Rate coefficient 
for production of D3* is: k » 1.55xl0'9 cmVmol s from Refs. 623, 625, 626, 627, 
631. The states of reactants are unknown. 

Chebvshev Fitting Parameters for Cross Sections 

E M l n * 1.6E-01 eV/amu, E , ^ « 4.2E+00 eV/amu 

A2 A3 A4 A5 A6 
0827553 .0133959 -.0140139 .00530178 .00343451 

A0 Al 
-69.1270 -1.09264 

The fit represents the above cross section with an rms deviation ol 0.2%. 
The maximum deviation is .4% at 1.0E+00 eV/amu. 

See appendix for Chebyshev fit details. 
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Cross Sections for Interchange Reactions Between Dr* and H 2 

Dj*(») • H 2 -> HDj* • H 

» « 2 

Energy o Energy o Energy 0 Energy 0 
(ev/mi) (otM (ev/aatu) (CM 2) lev/am) (o.M (ev/amu) (cm7) 

5.8E-02 1.88E-15 5.7E-02 2.032-15 5.8E-02 2.CIP-15 5.8E-02 1.93E-15 
6.0E-02 1.84E-15 6.0E-02 1.92E-15 6.0E-02 1.96E-15 6.0E-02 1.90E-15 
7.0E-02 1.52E-15 7.0E-O2 1.61t-15 7.0E-02 1.76E-15 7.0E-02 1.78E-1S 
8.0E-Q2 1.20E-15 8.0C-02 1.29E-1S 8.0E-02 1.57E-15 8.0E-02 1.62E-15 
9.0E-O2 9.67E-16 9.0E-02 1.10E-15 9.0E-02 1.42E-15 9.0E-02 1.49E-15 
1.0E-01 8.31E-16 1.0E-01 9.66E-16 1.0E-01 1.28E-15 1.0E-01 1.36E-15 
1.5E-01 5.70E-16 1.5E-01 6.93E-16 1.5E-01 8.29E-16 1.5E-01 8.81E-16 
2.0E-01 4.29E-16 2.0E-01 5.25B-16 2.0E-01 5.66E-16 2.0E-01 5.70B-16 
3.0C-01 2.47E-16 2.5E-01 3.7BE-16 2.5E-01 3.79E-16 2.5E-01 3.75E-16 
3.5E-01 1.81E-16 3.0E-01 2.79E-16 3.0E-01 2.77E-16 3.0E-01 2.46E-16 
4.0E-01 1.52E-16 3.5E-01 2.00E-16 3.5E-01 2.01E-16 3.5E-01 1.65E-16 
4.6E-01 1.15E-16 4.0E-01 1.44E-16 4.0E-01 1.47E-16 4.0E-01 1.12E-16 

4.5E-01 1.04E-16 4.5E-01 1.04E-16 4.5E-01 7.55E-17 
4.6E-01 9.61E-17 4.6E-01 9.58E-17 4.6E-01 6.93E-17 

References: 625, 626, 627, 634, 638, 647, 652 
Accuracy: 25% 
Notes: (1) For relative cross sections see: Clow and Futrell (Ref. 625). (2) For 
rate constants, energy dependence see: Bowers et al. (Ref. 626); and Clow and 
Futrell (Ref. 62b). (3) For kinetic energy distributions of HDj* products see: 
Lees and Rol (Ref. 638); Doverspike and Champion (Ref. 647), and Krenos et al. 
(Ref. 652). (4) Rate coeflclent for reaction Dj* • H 2 -> products is: k » (3.0 
• 0.6)xl0"9 cm'/mols from Clow and Futrell (Ref. 625). (5) Data are presented as 
a function of u, as reported in Anderson et ai. (Ref. o34). 

Chebyshev Fitting Parameters for Cross Sections 

v « 0 E . gm in 
gHiin 
_min 
min 

- 5.8E-02 eV/aniu, Emax " 4 

En.ax " 4 

Emax " "' 
Emax " 4 

.6E-01 eV/amu 
u • * 

E . gm in 
gHiin 
_min 
min 

= 5.7E-02 ev/amu. 
Emax " 4 

En.ax " 4 

Emax " "' 
Emax " 4 

.6E-01 ev/amu 
u » 2 

E . gm in 
gHiin 
_min 
min 

" 5.8E-02 ev/aimi. 

Emax " 4 

En.ax " 4 

Emax " "' 
Emax " 4 

.6E-01 eV/amu 
u ** 3 

E . gm in 
gHiin 
_min 
min » 5.8E-02 ev/aimi. 

Emax " 4 

En.ax " 4 

Emax " "' 
Emax " 4 .6E-01 eV/amu 

A0 Al A2 A3 A4 A5 A6 
0 -70.4879 -1, ,34605 -.0400746 - .0884724 .00327276 .0410225 .0238082 
1 -70.3174 -1 .41371 -.174436 -.131909 -.00594907 .0250115 -.0190350 
2 -70.1696 -1, ,46820 -.256068 -.0411502 -.0107313 -.00889023 -.0110482 
3 -70.3104 -1 .61386 -.377596 -.0473991 -.00736333 .000736757 -.00411866 

The fit represents the v • 0 cross section with an rms deviation of 1.3%. 
The maximum deviation is 3.3% at 3.5E-01 eV/amu. 
The fit represents tt.e v • 1 cross section with an rms deviation of 0.7%. 
The maximum deviation is 1.3% at 6.0K-02 eV/amu. 
The fit represents the v - 2 cross section with an rms deviation of 0.7%. 
The maximum deviation is 1.4% at 2.5E-01 eV/amu. 
The fit represents the v • 3 cross section with an mis deviation of 0.3%, 
The maximum deviation is 0.4% at 8.0E-02 eV/antu. 
See appendix for Chtbyshev fit details. 
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Cross Sec t ions for Interchange Reactions Between H2* and D? 

H 2*(u| + 0Z -> HD2* • H 

Energy O Energy o Er-ergy 0 Energy a Energy O 
( •V /asu) (cm2) (eV/aau) ( c * 5 ) ( ev /anu) ( c 2 ! fev/anuf (C»*) ( e v / a a u ) lev2) 

1.7E-01 2 .92E-15 1.7E-01 2 .53E-15 1.7E-01 2.46E-15 I . e E - 0 1 2.45E-15 L.8E-01 2 .47E-15 
2.0E-G1 2 .91E-15 2.CE-01 2 .43E-15 2 .0E-01 2.41E-15 2 .0E-01 2 .39E-25 2 .0E-01 2 .40E-IS 
3 .0E-01 2 .64E-15 3 .0E-01 2.15E-15 3.0E-01 2.12E-15 3 .0E-01 2.13E-15 3.CE-01 2 .14E-15 
4 . OF-01 2 .26E-15 4 .0E-01 1.91E-15 4 .0E-01 1.91E-15 4.0E-C1 1.91E-15 4 .0E-0I 1.95E-15 
B.0E-0I 1.92E-15 5 .0E-01 1.72E-15 5.0E-01 1.7IE-15 5 .0E-01 1.71E-15 5 .0E-01 1.80E-15 
6 .0E-01 X.62E-15 5 .0E-0I 1.68E-15 S.CE-Oi 1.54E-15 6 .0E-0I 1.58E-15 6 .0E-01 I .67E-15 
7 .0E-0I I . 3 6 E - I 5 6 .0E-0I 1.49E-25 7 . 0 E - 0 : 1.42E-25 7 .0E-01 1.46E-15 7.0E-01 1.56E-15 
8 .0E-01 l . U E - 1 5 7 .0E-01 1.32E-15 e.oE-oi '..JOE-15 6 .3E-01 J..37E-15 8 .0E-01 1.47E-15 
9 .0E-01 9 .72E-16 8 .0E-01 1.19E-15 9 .0E-01 1.21E-IS 9 .0E-01 1.29E-X5 9 .0E-01 1.39E-15 
1.0E*00 8 . 5 I E - I 6 9 .0E-01 I .08E-15 1.0E»G0 I . I 3 E - I 5 1.0E»00 1.23E-15 ! .0E»00 I . 3 2 E - I 5 
1.5E-00 5 .49E-16 l.OE'OO 9 . 8 1 E - I 6 1.5E»00 r .39E-16 I.5E»C0 9 .64E-16 1.5E»00 1.06E-15 
2.0E»0C 4 .24E-16 I . 5E '00 6 .61E-16 2.0E»00 6.65E-16 2 . 0 E O 0 7.74E-16 2.0E»00 8 .60E-16 
3.0E»00 3 .02E-16 2 .0E-00 b . I3E- lC 3 .0E-00 4 .65E-16 3.0E»00 5 .2IE-16 3.0E»00 5 .53E-16 
«.0E«00 2 .39E-16 3.0E»00 3.71E-16 4.0E«00 3.58E-16 4.0E*00 3.73E-16 4.0E»00 3.55E-1S 
4.SE»00 2 .19E-16 4 .0E-00 3 .07E-I6 5 .0E-00 2 .90E-16 S.CE'OC 2.8SE-16 4.5E'O0 2 .84E-16 

5.0E»00 2 .74E-16 5 .4E-00 2.70E-16 5.2E»OC 2.80E-16 

References; 625, 626, 627, 634, 638, 652 
Accuracy: 25% 
Botes; (1) For energy dependence of rate constants see: Bowers et al. (Ref. 
626); Clow and Futrell (Ref. 625); and Reuben an J Friedman (Ref. 627). (2) For 
kinetic energy distributions of HD2* products se •: Lees and Rol (Ref. 638); and 
Krenos et al. (Ref. 652). (3) For relative cioss sections see: Clow and Futrell 
(Ref. 625). (4) Rate coefficient for reaction: H2* • D 2 -> Products is: k = (3.2 
• 0.6)xl0"9 cmVmol.s from Clow and Futrell (Ref. 625). (5) Data are presented 
as a function of o, as reported in Anderson et al. (Ref. 634). 

Chebyshev Fitting parameters for Cross Sections 

0 = 0 
0 - 1 

E . 
K r a l n 

0 = 2 K " n 

o = 3 R"*n 

o = 4 Emin 
min 

1.7E-01 
1.7E-01 
1.7E-01 
1.8E-01 
1.8E-01 

eV/amu, 
ev/anui, 
ev/amu, 
ev/ainu, 
ev/amu. 

"max 
Emax 
"max 
Emax 
"max 

4.5E+00 ev/amu 
5.0E+00 eV/amu 
5.4E+00 ev/amu 
5.2E+00 eV/amu 
4.5E+00 eV/amu 

AO Al A2 A4 A5 A* 

0 » 0 - 6 9 . .2456 - 1 . .40946 - . 1 2 8 2 2 3 . 1 3 9 1 7 0 - .0170479 - . 0 3 3 0 5 5 5 .00606671 
0 • 1 - 6 9 . ,2502 - 1 . .19199 - . 1 1 6 0 9 3 .09117.J6 .0198857 - . 0 1 1 8 1 6 2 -.OC051045I 
0 » 2 - 6 9 . .1336 - 1 . .12492 - . 176104 .0165999 . J0O760447 .0027 3290 - . 000454869 
u • 3 -69 , .0426 -1 .06802 - . 213967 - .0360151 •-.C04931J3 .0161011 .00775590 
0 • 4 - 6 8 , .8659 - .092859 - . 2 5 8 4 9 9 - .0851432 - .0286104 - .00372291 .00520865 

The fit represents the u - 0 cross section with an rms deviation of 1.3%. 
The maximum deviation is 2.0% at 1.0E+00 eV/amu. 
The fit represents the <> * \ cross section with an rms deviation of 0.6%. 
The maximum deviation is 0.8% at 7.0E-01 pv/aimi. 
The fit represents the » - 2 crosn section with an rms deviation of 0.3%. 
The maximum deviation i3 0.7% at 1.0E-01 ev/amu. 
The fit represents the >, \ r-rosf; section with an rniB deviation of 0.0%. 
The maximum deviation is 1. i\ at f>.0E»00 f'j/wni. 

The fit. represents the » 4 rrroos section with an rms deviation of 0.2*. 
The maximum deviation in 0.1% at ).0K*00 r>7/aniu. 
Set- appendJx for Cnefoyrtiev HI 'totalis. 
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APPENDIX 1 
Calculation of Cross Sections and toil Coefficients 

fjoa-gh+frrfhty rttViw m w t t r t 
For ease of numerical data retrieval, the method of least-
squares fitting to the recommended cross sections and rate 
coefficients using the Chebyshev orthogonal polynomials has 
been used throughout this compilation. In general, it 
produced high accuracy fits to the recommended data. 
A measure of the accuracy of the Chebyshev fit representation 
to the recommended cross sections has been calculated and 
appears at the bottom of each cross section page as a relative 
rms error with a maximum deviation. In a handful of cases, 
the recommended crc. ? sections had associated Chebyshev fits 
with an error of greater than 100% rms error. These fits 
have not been included and only the recommended cross section 
data is presented. 
The recommended cross-section and rate coefficient data have 
been fitted to the following analytical expression: 

k 
«n[o(E)] = A/2 + E A,Tf(X) , i»l 

where k is the smallest number of coefficients that provides 
an accurate fit (usually k*6), and 

X - [(«nE - tnEmin) - (enE.,, - «nE) ] / (tnE^ - lnEmin), 
and where T,(X) are the Chebyshev orthogonal polynomials. 
Fitting to the natural logarithms of the cross section and 
energy values increases the Chebyshev fit accuracy by reducing 
the ranges of values for the cross section -jtnd energy by 
several orders of magnitude. 
The values of fitting parameters A,, E ,n, and E are giv,-n for 
each reaction after each cross-section or rate-coefficient 
table. In each case, the minimum number of parameters A, are 
listed which are required to produce a satisfactory fit to the 
data. The cross section a is given in units of cm2, with 
collision energies E in units of eV/amu. The rate coefficient 
a is in units of ca?/s, with Maxwellian temperatures T in 
units of eV. (We follow the convention used frequently in 
plasma physics of expressing temperature in eV energy units, 
recognizing that kT is understood, where k is Boltzmann's 
constant.) The analytic representation of the cross section 
or rate coefficient should be used only in the region between 
E m f n and E . The expressions for the Chebyshev polynomials 
are reproduced below for convenience. 
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T,(X) = X 
T2(X) = 2 X 2 - 1 
T,(X) = 4 X 3 - 3 X 
T4(X) = 8 X * - 8 X * + 1 
T5(X) - 16 X 5 - 20 X 5 + 5 X 
T6(X) = 32 X 6 - 48 X* + 18 X2 - 1 
T7(X) = 64 X 7 - 112 X 5 + 56 X3 - 7 X 
T8(X) = 128 X* - 256 X6 + 160 X4 - 32 X 2 + 1 
Al] the rate-coefficient and cross-section data in this volume 
may be reproduced by using either of the model Chebyshev 
fitting programs listed at the end of this Appendix. For each 
reaction and pair of reactants there are given Chebyshev 
fitting parameters to be used as input to the CHEBFOR Fortran 
or CHEB Basic code. 
In the plots of recommended data the Chebyshev or alternative 
fits have been added as dashed lines to give a visual 
inspection of the accuracy of the fit. Also, the pages 
containing cross section tables include rms deviations of the 
fit to the recommended data over the energy range from E • to 

The sample programs listed below utilize recursion relations 
to rapidly generate the Chebyshev polynomials and require 
input of the parameters Emin, E , and the Chebyshev 
coefficients A0, Al, A2, ... to enable calculation of a rate 
coefficient or cross section at a given energy. The programs 
direct the user to input these parameters at the proper time 
during program execution. To simplify data input, the 
tabulations of coefficients contain the minimum number of 
significant digits required to produce an accurate 
representation of the polynomial fit. 
The ALADDIN database system may also be used to generate the 
cross-section data directly from the fitting coefficients. 
See Appendix 2 for details. 

Sample FORTRAN Program 
Prograa CHEtftt 

C ThU Fortran progrm i t derived froa • prograa fr> 'Elaaantary Huwrfcal Analysis: An 
C AleoHthaic Approach' , 8. 0. Conta and C. da loor, McGraw-Hill, Inc. , P.25*, 1972. 

DIMENSION O<10) 
REAL** ANS, ANS2 

1000 TYPE U 
H FORMAT(' I t THIS A FIT TO RATE COEFFICIENTS? ; ENTER "Y" F0K YES, "N" FOR NO') 

ACCEPT 199, ANS 
199 FORMAT(Al) 
1010 TYPE 15 
15 FORMAT<• ENTER THE NUWER OF COEFFICIENTS') 

ACCEPT 200, NTERMS 
200 FORMAT*12) 
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fffllgl? TORTRAH Program (Cont'd.) 

IFCAWS .EO. MP) GO TO 16 
TTPE 1 

1 FORHAT(' • • • • ENTER Eain <•*) •*• • • •> 
ACCENT • , EN» 
TYPE 9 

9 FORMATC • • • • ENTER Earn C*f) • • • • • » ) 
ACCEPT * . EMU 
CO TO 25 

19 FOEMTC —* ENTER Esta («V/OTU) • « • • > 
14 TYPE 19 

ACCEPT * . EK!N 
TYPE 29 

29 FORMTC • • « • ENTER Eauc CeV/au} •«•••> 
ACCEPT • . ENAX 

25 BUNfAUXKENIN) 
EHJUa«AL06(EMX) 
TTPE 2 , NTERMS 

2 FORMATC ENTER \ 12, • COEFFICIENTS • ) 
ACCEPT « , <D(J>. J«1,NTERNS) 

100 IF CANS .EO. a R'M0 TO 24 
TTPE 3 . EMIN, EMX 

3 FORMTC INPUT TEMPERATURE (tV> BETWEEN ' .IPEIO.I . ' AND ' ,IPEIO.I,• FOR THE RATE 
ft COEFFICIENT CALCULATION • ) 

CD TO 26 
2ft TYPE 23, ERIN. EMX 
23 FORMTC INPUT ENERGY <«V/«V) SETUEEN \ 1 P E 1 0 . 1 , ' AND ' , IPEIO.I , 1 FOR THE CROSS SECTION 

ft CALCULATION • ) 
C TAKE ENERGY FOR CALCULATION AND USE THREE TERN RECURRENCE RELATION 
26 MTTERMS 

CRES-O(K) 
ACCEPT * , X 
!F(X .LT. 0 . ) 60 TO 101 
X*ALOG(X) 
MC-1 
XNORN>(X-ENINL-(EMXL-X)>/(ENAXL-ENIRL) 
TWOK*2.*XN0RH 
PREV2-0. 

10 PREVCMER 
IF(K .EO. 1) CO TO 20 
OR»0<K)«TU0X*PREV-PREV2 
PREV2*PREV 
M M 
60 TO 10 

20 CICM.TO(1>+XNORM*PREV-PREV2 
IF(ANS .EO. 'Y') TYPE 69, EXP(CNTR) 

69 FORMTC RATE COEFFICIENT COO/1) a >,1PE12.4) 
IF(ANS .EO. 'N') TYPE 45, EXP(CNER) 

45 FORMTC CROSS SECTION (CM2) • ',IFF. 12.4) 
TYPE 48 

48 FORMTC DO VOU WANT ANOTHER CALCULATION FOR TNIS FIT?, ENTER "Y" FOR YES; "N" FOR NO') 
ACCEPT 199, ANS2 
IF(ANS2 .EO. 'V') GO TO 100 
TYPE 49 

49 FORMTC DO YOU MART A DIFFERENT FIT CALCULATION?, ENTER "V" FOR YES; "N" FOR NO') 
ACCEPT 199, ANS2 
IF(ANS2 .EO. 'V') GO TO 1000 

101 EM) 

file:///1PE10.1,'
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Sample BASIC Program 

5 REN CNEN.IAS 
1 0 REN CSE* PROGRAM I S A IASIC PROGRAM DERIVED FROM A FORTRAN 
2 0 REN PROGRAM IN "ELEMENTARY NUMERICAL ANALYSIS: AN ALGORITHMIC 
SO REN AM ROACH-. S . D . CONTE M D C . M DOOR. SO REN RcGRAW-RILl, INC. , P 
4 0 REN 2 5 4 , 1 9 7 2 . 
SO DIN DC10) 
6 0 INPUT " I S THE A RATE FIT?; ENTER •»• FOR YES, ••• FOR NO ".ANSS 
7 0 IF AM5t«"Y" THEN INPUT "ENTER Eain <«V) -.EMIN 
8 0 IF AKSSX'Y" THEN INPUT "ENTER E m <«¥> ".ENAX 
9 0 IF HOW* THEN INPUT "ENTER b i n ( « V / « u > " ,E*W 
1 0 0 IF A*SS*"N" THEN INPUT "ENTER E a w («V/«MJ) ".ENAX 
1 1 0 INPUT "ROM MANY COEFFICIENTS FOR THIS F1T7";NTERRS 
1 2 0 ENINL-LOGCEMN) 
1 3 0 EJMXL-UXKEKAX) 
140 PRINT USINCENTER f CCEFFICIERTS-.-NTERNS 
1 5 0 FOR J«1 TO NTERMS 
MO INPUT 0(J):NEXT J 
1 7 0 IF AKSS*"Y- TNEN PRINT USIME "INPUT ENERGY ( « V / « U > RETUEEN ***.* AMD # . * * FOR THE RATE 
COEFFICIENT CALCULATION";ENIN;ENAX 
MO IF A N S S - n r TNEN PRINT USING "INPUT ENERGY («V/MU) BETWEEN i M . f AMD * . * * FOR THE CROSS 
SECTION CAlCUUTION";ENIN;EIIAX 
1 9 0 REN SET ENERGY FOR CALCULATION AMD USE THREE TERN RECUUtENCE 
2 0 0 REN RELATION 
210 INPUT X 
2 2 0 K-NTERNS 
2 3 0 CMFMXK) 
2 4 0 IF X<0 TNEN END 
2 5 0 X«LOG(X) 
2 6 0 K"K-1 
2 7 0 IF K«0 TNEN END 
2 8 0 XNORN«(X-EMIIIL-<EMAXL-X>)/(EHAXL'EMIIIL) 
2 9 0 TW0KB2*XNORN 
3 0 0 PREV2-0 
310 PREVXMEO 
320 IF K-1 SOTO 370 
3 3 0 CMEHKK>*TU0X*PtEV-PREV2 
3 4 0 PtEVZ-PrfEV 
350 K-MC-1 
360 GOTO 310 
3 7 0 CIRn>.$*D(1>*XNC«N*PREV-PREV2 
3 8 0 IF AWS—Y- TNEN PRINT U S I N G " * * . * * " " > RATE COEFFICIENT (CM3/S)";EXP(CMEA) 
3 9 0 IF ANSS—N" TNEN PRINT USING"**.****** - CROSS SECTION (CN2)";EXP<CNEt) 
400 GOTO 170 
410 END 
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AFPOBIX 2 

MAPftTif m i h t t ffrttf «fl inti TVtr 
ALADDIN1*2 is an atoaic physics database system which has 

been developed by R. A. Bulse of Princeton Plasma Physics 
Laboratory in conjunction with the Atoaic and Molecular Data 
Unit of the International Atoaic Energy Agency (IAEA) to 
provide a broadly-based standard aediua for the exchange and 
aanageaent of atoaic data. ALADDIN has been adopted by the 
IAEA as the standard international atoaic physics data 
exchange format for aagnetic confinement fusion applications. 

ALADDIN consists of a data format definition together 
with supporting software for both interactive searches and 
access to the data by plasma modelling and other computer 
codes. The ALADDIN software has been written in strict 
FORTRAN-77 to ensure compatibility with the widest possible 
range of scientific computers. The data are stored in 
straightforward ASCII text files either in tabular x,y or 
parametrized format. Provision has been made within ALADDIN 
to incorporate the subroutines which are needed to extract the 
atomic data from each ALADDIN data entry. The Chebyshev 
polynomial fits which are presented for the data in this 
volume are one example of such a parametrization. 

All recommended cross-section data from the compilations 
in the Atomic Data for Fusion series are available in ALADDIN 
format (including those from this volume). Table 2.1 contains 
a sample ALADDIN data entry froa each chapter of this volume. 
Each entry contains a page-number label to expedite locating 
specific data within the file. Complete ALADDIN data files 
for this series and a copy of the ALADDIN Database prograa are 
available on PC-DOS-foraatted diskettes from: 

Controlled Fusion Atomic Data Center 
Oak Ridge National Laboratory 
P. 0. Box 2008 
MS-6372 
Oak Ridge, .TN 37831-6372, U.S.A. 

A copy of the ALADDIN Manual2 which contains instructions 
for its use and a dictionary of abbreviations and symbolic 
notations for collision processes is also available fron the 
above address. The ALADDIN code and reference material are 
also available directly froa the IAEA (see address below). 
The ALADDIN data files and FORTRAN program say also be 
transmitted readily by electronic mail, and are available by 
contacting: 

phaneuftorB.MTKllXT or shaaeufeorphOl.BZTMBT 
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With input from a number of international data centers, 
the Atomic and Molecular Data Unit of the IAEA is assembling 
a larger ALADDIN data base of atomic and molecular processes 
relevant to fusion applications, and is providing officially 
recommended data in ALADDIN format. Further information may 
be obtained by contacting: 

Atomic and Molecular Data Unit 
Nuclear Data Section 
International Atomic Energy Agency 
P. 0. Box 100 
A-1400 Vienna, Austria 

or by electronic mail at: 
RKDSGIAEA1.BITHBT 

1. R. A. Hvlse, "The ALADDIN Atomic Physics Database 
System," (.p. 63-72 in Atomic Processes in Plasmas, AIP 
Conference Proceedings 206, ed. Y. K. Kim and R. C. 
Elton, AIP, New York, 1990. 

2. ALADDIN Manual, A System for Storage/ Exchange and 
Management of Atomic and Molecular Data for Fusion, IAEA-
NDS-AM-17, Atomic and Molecular Data Unit, Nuclear Data 
Section, International Atomic Energy Agency, Vienna, June 
1989. 
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TABLE 2 . 1 

gmplt MjffPiy w fit? 

$ CX H [+1] H [+0] H [+0] H [+1] 
& XS EVAL ACOB ORNL-CFADC DOC-ORNL-6086 A-22 6/90 #CHEB 
-72.6656 -5.49142 -3.42948 -1.98377 -0.878009 
-0.198932 0.0837431 0.121252 0.0827182 0.12 630000. 

$ CXSS He [+2] H [+0] (G) He [+1] (2s) H [-1-1] 
& XS EVAL ACC-C ORNL-CFADC DOC-ORNL-6086 B-89 6/90 *CHEB 
-89.4268 -0.438776 -8.73454 0.130314 -0.0101210 
0.0343355 0.227699 -0.188121 -0.130396 23. 2500000. 

$ EXC H [+0] (G) H [*0] (G) H [+0] (2s) h [40] 
& XS EVAL ACC-? ORNL-CFADC DOC-ORNL-6086 C-2 8/89 #CHEB 
-79.1098 -0.784062 -0.651723 0.0462865 0.114234 
-0.00487654 -0.0114391 0.O 0.0 2000. 90000. 

$ ION H [+1] H [+0] H [+1] H [-1-1] e 
& XS EVAL ACOB ORNL-CFADC DOOCRNL-6086 D-6 5/90 #CHEB 
-75.505348206 -0.409784913 -0.996553540 0.355360299 -0.049000371 
-0.034998417 0.043782476 0.0 0.0 9400. 1500000. 

$ STRIP H [+0] H {+0] H [+1J H [+0] e 
& XS EVAL ACOB ORNL-CFADC DOC-ORNL-6086 E-2 5/90 #CHEB 
-77.1793823242 -0.4514082074 -1.5175991058 0.5439749956 -0.0355154276 
0.00258953-0 -0.0750899166 0.0 0.0 1200. 3500000. 

$ ELDET H [-1] H [+0] H [+0] H [+0] e 
& XS EVAL ACC-C ORNL-CFADC DOC-ORNL-6086 F-2 5/90 #CHEB 
-72.0698776245 -2.4792380333 -0.9363254905 0.0886530057 0.0175392255 
0.0545278080 -0.0645320490 0.0 0.0 110. 4000000. 

$ DISI0N2 H [+0] H(2) [-1-0] H [+0] H [+1] H [+1] 2e 
& XS EVAL ACC-? ORNL-CFADC DOC-ORNL-6086 G-2 6/90 #CHEB 
-82.5844192505 1.5008718967 -0.5141620040 -0.0138262566 0.0274858437 
-0.0085383281 -0.0116637163 0.0 0.0 5000. 50000. 

$ PX H [+1] D{2) [+0] D [+1] HD [+0] 
& XS EVAL ACO? ORNL-CFADC DOC-ORNL-6086 H-2 9/89 #CHEB 
-75.6467819214 -3.2291088104 0.4121128917 0.0393397696 -0.2617489398 
0.0012951158 0.1208853275 0.0 0.0 0.45 100. 
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APPENDIX 3 
Atonic Physjcs 

Handv conversion Units and Formulas 

Conversion Jfni%9 

1 electron volt = 1 eV • 8065.76 en'1 = 23.069 kcal/mol = 
1.6022 x io*12 ergs * 1.6022 x 10"19 joules 
1 atonic unit = 1 a.u. = 2 Rydbergs = 27.21 eV = 1 Hartree 
1 atonic nass unit = 1 a.n.u. = 1.6605 x io"24 gn 
atonic velocity = velocity of 13.6 eV electron « 2.18 x io8 

cn/sec = velocity of 24.97 keV proton 
atonic radius = radius of first Bohr orbit of H° = 5.29 x 
10*9 cm 
1 angstron = 1 A = 1 x io'8 cm 
Electron nass, m e - 9.110 x IO' 2 8 gm 
Electron charge, e = 4.8032 x io'10 statcoulomb, or 1.6011 x 
10'19 coulombs 
Proton nass * 1.673 x io"2* gm 
Atonic unit of tine • atomic radius/atomic velocity =2.42 x 
10*ir sec 
Bol«znann constant, k = 1.331 x io'16 erg/*K 
1 n Eg > 133.3 pascals « 1 torr; 1 mBar « 100 pascals 
Atonic cross section • w x (atomic radius)2 » ira 2 * 8.797 x 
10*17 cm2 

1 nol - 6.022169 x 10 2 3 molecules - Avogadro's number 
Loschnidt's number * number of molecules at 1 mm Hg at 0'C • 
2.687 x 10 1 6 cm'5 
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Formulas 
Velocity (non-relativistic) (cm/sec) = 1.38 * 106 (E/m) 1 / 2, 
where E ~ energy of the particle in eV, of mass m in a.m.u. 
Energy levels in hydrogen-like atoms, 

E„(ev, - = " ^ , 
where Z is the atomic number and n is the total quantum 
ramber. 
Wavelength of a photon, 

A (A, = 1 ' ? 3 9 8 * ** 
where E is the photon energy in eV. 
Wavelength of a non-relativistic electron, 

*(A) = ¥?&•, 
where T is the temperature of the electrons in eV. 
Relative velocity (cm/s) = vr = (V^2 + v,2 - 2V1v2cose)1'2, 
where V- = velocity of particle 1 in cm/sec, V 2 — velocity 
of particle 2, and 6 - angle of approach. 
Energy (center of mass) (eV) = 

M1M2 
M^Mj 

1/2 
cosO 

where M 1 # E t are the mass and energy of particle 1 and M~, E 2 

are the mass and energy of particle 2, respectively, ana G 
is the angle of approach. 
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Fl int . Tlralgg 

'Gaussian units are used in the formulas below except for 
the following: Temperatures, T, of electrons, and T, of 
ions in eV. Mass of ions, m, is expressed in units of 
proton Bass, •_ by M = •{/•»' B i n gauss; k is Boltzmann's 
constant; nm and n, are number densities of electrons and ions, respectively, in cm'3; Z is the charge state of an 
ion; X is wavelength in A; c is the speed of light in vacuum 
(3 x io10 cm/sec); and frequency is e (rad/sec) = 
2*' f (cycles/ sec) 

fog gl+Ctronf; 
Plasma frequency, e (rad/sec) = 5.64 x io* n t

1 / 2 

Gyrofrequency, e (rad/sec) - 1.76 x i o 7 B 
Oyroradius, r. (cm) - 2.38 T. 1 / 2 B*1 

Electron thermal veloci ty , v u (cm/sec) » 4.19 x i o 7 T e

1 / 2 

Electron deBroglie length, X (A) - l7

T'1A 
t 

Tor lont; 
Plasma frequency, » { (rad/sec) - 1.32 x io3 Z M' 1 / 2 n,1/2 

Gyrofrequency, t», (rad/sec) = 9.58 x IO 1 z p'1 B 
Gyroradius, r, (cm) - 1.02 x io2 /x1/2 z 1 / 2 T,1'2 B"1 

Ion thermal velocity, v , (cm/sec) • 9.79 x io5 M' 1 / 2 T, V 2 

Drift velocity of particles in a constant electric field, K 
(volts/cm), perpendicular to a constant magnetic field, B 
(gauss), independent of mass m, or charge Z, of the particle 
is given by: 

ve (cm/sec) • 1 x io* | 
Phase veloci ty , v f (cm/sec) - «/k, where u i s in rad/ 
k i s the wavenumber in cm' . 

Group veloci ty , v g (cm/sec) - da/dk 

alfven velocity , vA (cm/sec) » 2.18 x IO 1 1 u"1/2 n,' 1 / z B 

Debye length, 1D (cm) - 7.43 x io 2 T t

1 / 2 n t ' 1 / z 

sec and 
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Maxvellian velocity distribution for a constant temperature 
plasma, for one-dimension: 

F « M < V > (cm"3) = n-(m/2irkt),/2 exp(-mv2/2kt) , 
where t is in 'K, ID is the particle's mass in gin, n is the 
number density (cm 3), k is Boltzmann's constant (1.38 x IO"1' 
erg/*K), and v is the particle's velocity (cm/sec) for one-
dimension. 
Saba thermal equilibrium: 

nj/nn « 2.4 x io15 (t 5 / 2/ n j) exp(-U/kt) , 
where n is the number density of neutrals in cm"3, U4 is the 
ionization energy of the gas in ergs, and t is the 
temperature of the gas in *K. 


