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Outlook

• Basic idea

• Classical methods

CTMC

- a method of the analysis

• H + H

• Li + H

• Li+ + N2  (e
+ + N2)

• Summary



Ionization in ion-atom collisions

Description:
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ẑ

b
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3-body CTMC approach



Exist test in 3-body CTMC simulation

Direct process Ionization Charge transfer
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Classical principal quantum number:

U
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nc is “quantized” to a specific n [J.Phys.B17 (1987) 3923]:
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Cross section:
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Test  -- Interaction of C+ and C++ with Ne







Li+ + N2



Test of the calculation procedure.

Published data available e+ + N2



Li+ -> N(2p)  

I D E N T I F I E R =  elasion 

Pm=  0.11016000D+05      Em=  0.10000000D+01     Tm=  0.25704000D+05

Pz=  0.30000000D+01      Ez= -0.10000000D+01     Tz=  0.70000000D+01

Ubind= -0.53410000D+00  Rstart=  0.20000000D+03  Rstop=  0.10000000D+04

B_max=  0.50000000D+01

V(TE) : coulomb       V(PE) : coulomb       V(TP) : coulomb    

Vp=  0.5776D+00 au.    Ep=  0.5000D+02 KeV

ntotal current=     9998     ntotal expected=    10000

direct=     7454               äbiei=  0.20928208D+05

direct ionization=      436               äbiei=  0.30370774D+03

transfer ionization=      373               biei=  0.32665284D+03

charge transfer=     1735               biei=  0.32462153D+04

anomal trajec.=        2               biei=  0.00000000D+00

direct= (  0.18402640D-14 +- 0.10751955D-16) cm**2

direct ionization= (  0.26705699D-16 +- 0.12507730D-17) cm**2

transfer ionization= (  0.28723313D-16 +- 0.14592305D-17) cm**2

charge transfer= (  0.28544695D-15 +- 0.62299990D-17) cm**2





3-body simuations

e- +C 



e- + C
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David NIFST
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from 2p+2s shells 

from 2p shell  --  Binding energy= 11.26 eV

from 2s shell  --  Binding energy= 16.59 eV



e- + C

Energy (eV)

10 100 1000

(c
m

2
)

0.0

2.5e-17

5.0e-17

7.5e-17

1.0e-16

1.3e-16

1.5e-16

Experiment - E. Brook, M.F.A. Harrison, and A.C.H. Smith, J. Phys. B 11,

3115 1978

Yong-Ki Kim, Jean-Paul Desclaux, PHYSICAL REVIEW A 66, 012708 ~2002!

Col 13 vs Col 18 

from 2p shell

from 2s shell

David NIFST

Average energy of 2p and 2s shells

BEB David



4-body simuations 



4-body CTMC approach

Projectile

Target



Classical exit channels



H 
• m1 = 1,836*10^3 me , m2 = me

• z1 = - 1(-ze ), z2 = ze

• E12 = - 0,5 u

H2

• m3 = 3,673*10^3 me, m4 = me 

• z3 = 1,165(-ze ), z4 = ze

• E34 = 0,567 u

H + H2

V. Phelps - Cross Sections and Swarm Coecients for H + , H2 + , H3 + , H, H2, and H- in H2 for Energies from 

0.1 eV to 10 keV

T. Tabata, T. Shirai - ANALYTIC CROSS SECTIONS FOR COLLISIONS OF H+, H+2 , H+3 , H, H2, AND H< 

WITH  HYDROGEN MOLECULES

F. Barnett, J. A. Ray, E. Ricci, M. I. Wilker, W. W. Mc-Daniel, E. W. Thomas, and H. B. Gilbody, Atomic Data 

for Controlled Fusion Research,"Report ORNL- 5206, Vol. 1, Oak Ridge National Laboratory



Li 
• m1 = 1,2852*10^4 me , m2 = 

me

• z1 = 1,3(-ze ), z2 = ze

• E12 = 0,19807438 u

H2

• m3 = 3,673*10^3 me, m4 = me 

• z3 = 1,165(-ze ), z4 = ze

• E34 = 0,567 u

Li + H2



Plan -- Outlook

Classical simulations

in charged particles-atom collsions

• Ionization

• State Selective Exciation

• State Selective Charge Transfer



Conclusions

• Classical method (CTMC) reproduce different

experiments for collisions between charged particles and

atoms,

• gives accurate cross sections for ionization

Capture

Excitation

• valid in wide projectile energy range

• can descibe partial cross sections

Károly Tőkési HPPW 2017, 26-28 April / Esztergom | Page 27



Thanks for your 

attention!


