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Research Activities

1. State-of-the-art calculations for the electron-impact ionization and
recombination, and photoionization data which are essential in modeling
for laboratory and astrophysical plasmas

2. Spectroscopic measurement in plasma devices and collisional radiative
modeling for analysis on the measured spectra
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Research Activities

1. Electron-Impact Ionization (EII)
« P-like isoelectronic sequences from P to Zn
« W ions (W7*+ and W+)

2. Dielectronic Recombination (DR)
e W45+

3. Photoionization
» Mg-like isoelectronic sequences from Mg to Ar (except for P)

4. Spectroscopic measurement and Collisional Radiative (CR)
modeling
« Hel



Electron-impact ionization (EILI)

Ell pathways Direct ionization (DI)
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Total EII cross section in an Independent Process-Isolated Resonance (IP-IR) approximation

is given by
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Autoionization (AI) branching ratio (BR) and double AI- BR : All of the branching ratios
must be solved for recursively.
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EII for P-like ions

100 ——

Fe'l* (3s? 3p®%S;/5)  REDA
Present FAC I
Previous FAC

[ Experiment >
[ by Hanh et

[{=]
1

@
o

- T
€ *lal(2011) 91: .
[ aJ I - - -
S [ e 2 © REDA contribution is
8wl g e S s within about 4% in
@ ' - rate coefficient
8 20 [ e ] %00 500 700 800 %00 1000
_ 2 snln=4) Energy (eV)
[ e — e +2572p°3s73p* Sy
0 . N Y A B B SN
500 1000 1500 2000 = 2s, pI'3s23p°n, 1nats
Energy (eV)
40 -6 T AL T T T 1547 T
T [ — This calculation w2 ——
P Dere (2007) ,. Fe'F——
. 30 4 7 L---- Hahnetal (2011) ¢ S ]
< E (] ‘_? [ g
‘» 20 QC) ‘n :
&")E 1 :q_) mE 8 -
(&) 10 E S L
- T = . I
= o S £}
= 10 5 2 i
k=] e eof 7~50% relative
o : T @) .
o i —— This calculation 4 -20 ) o A differences from
o oo Hahn et al. (2011) - 11f .
P Dere (2007) {-30 ; previous FAC
’ - N results
10° P 10
T, (K)
&,{Q D.-H. Kwon and D. W. Savin, Astrophys. ] 784, 13 (2014)
KAERI

‘ S e



EII for W ions
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There are many long lived excited states and parent ion beams
are mixed in ground and excited states. Good agreement is
shown between theoretical calculation and experiment

D.-H. Zhang and D.-H. Kwon, J Phys. B 47, 075202 (2014)



EII for W ions

W+
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Large sensitivity of DI cross section
to potential choices.

D.-H. Kwon, Y. S. Cho, and Y. O. Lee, Int. J. Mass Spect. 356, 7 (2013)
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Dielectronic Recombination (DR)
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Photoionization

Eigenchannel R-matrix approach connected with multichannel quantum-

defect theory (MQDT) ]
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D.-S. Kim and D.-H. Kwon, ] Phys. B 48, 105004 (2015)




Collisional-Radiative Model

Collision-Radiative model is one of population model of any element (atom, ion, molecule, etc).
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En(p) O : quasi steady state (QSS)

formulation I for Helium

n(p) =rynnt +1n,nl'S) +rm,n(2'S) +rn,n(2°S)

formulation II for Helium

n(p) = Rognn" + Rlnen(lls)

He collisional radiative model has been developed by T. Fujimoto and M. Goto.
We analyzed plasma parameters (T, n.) in low pressure and low temperature plasma with He CR-model
ba;jed on Goto's paper. (M. Goto, J. Quant. Spectrosc. Radiat. Transfer 76, p331-344 (2003))
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Electron Impact Excitation Cross Sections

scaling law
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B : Fitted Cross section

by Y. Ralchenko

= : Calculated Cross section
C by CCC89

B : Fujimoto's semi-empirical
= Cross section

n=1~4 :n,L,S
= n=5~7:nLS(L<3)
= n=8~10:n,S

n = 11 : Hydrogen-like

n =7

CCC89 cross sections are more stable
than fitted cross sections for transition
of n=3-3 and n=4-4.
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Modified CR-Model

® Modified He CR-Model

RTE (Radiation Trapping effect) is a non-local problem. The emission and induced absorption
processes occur the different locations, and are related with each other.

radiation decrease of photon

ONVAVAVAVAVI®

absorption

n(p) = rgnent + rgnen(1) + rgnen(218) +ron n(238)H ryl,1,n(1) + 13l51,n(1) +14Lpn(1)

: radiation trapping effect from ground state

® Experiment (hot filament discharge)

Electric Experiment condition

probe
- base pressure : 0.05 mtorr,

- operating pressure : 7 mtorr
- discharge power : 118V / 9A

Optical
fiber

Hot filament discharge (C. H. Oh, HYU)



Experiment (hot-filament discharge)

® Diagnostics of plasma parameters (T, n,)

modified CR-Model -
(all line ratio)
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Database Updates (Atomic Data)

http://pearl.kaeri.re.kr
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Database Updates (Atomic Data)

Selection of Reactions for various ion stages

g@momic Data Center x % % |
<« C'  [4 pearlkaerire.kr/pearl/main.jsp Hmyr =

P E A R L Photonic Electronic Atomic Reaction Laboratory

Members Research Data Base CR-Model Publications Collaborations Photos Newsand Q/A Useful site

Numerical Data for Fe

Fe 11+ Fe 11+ Fe 15+

Go back

| Select All | Unselect All | Delete

Photoionization Electron Impact Electron Impact Dielectronic
Cross Sections Ionization RC Ionization CS Recombination RC
| Draw I Draw i Draw il Draw |

Copyright(c) 2015, Atomic Data Center in KAERI, Gyonggi College of Science and Technology,

Republic of Korea, All right reserved




Database Updates (Atomic Data)

Flexible and comparable plots for selected ion and reaction

' [#] Atomic Data Center x} [# Electron Impact loni x §__

= = C | [ pearlkaerire.kr/pearl/graphElIRC jsp?reaction=EIl_RC_Fell&element=Fe&iref=undefined By =

Electron Impact Ionization Rate Coefficient for Fe

EIl_RC_Fell

B L EILRC Fell Data list -
M 2. EI_RC_Fell K.P.Dere ¥ 1. EII_RC_Fell : | Data |
W 3. EIl RC_Fe_11 M. Hanh et al_ w72, EH?RC?FEI 17K.P.Dere :

[ ¥ 3. EII_RC_Fe_11_M. Hanh et al. :

27894680928689215e-10

12664165549094185e-14

8.533047625744057e-17

Reference
/ 1. EIL RC_Fell D.-H. Kwon and D.W.Savin, Astrophysical

Journal.784,13 (2014)
K.P.Dere, ARA 466, 771-792 (2007)

£.74852226429357=-19

2.
i EII_ RC_Felil K.P.Dere
3.8739976286871772-21 i 3. EII_RC_Fe_11_M.

/ Hanh et al.

f Ionization potential of the ion = 326.324

26102750696677056e-23| f=1.49
K Scaled Rate Coefficient
e ~5I i dg 1 dp k!
= P, = v = 1. EIL_RC_Fell é.923653E— :51.498380999997994?5 :57.1859519999994965 i.2361759999999'.
Energy (K)
X-axis : |Logarithmic v | from [104440.5 | to [1.044405E8 | EII RC Fell K.P.Dere
Y-axis : [Logarithmic v | from [9.0628E-26 | to [1.6648237E9 | 3 EIL RC Fe 11 M
Legend position : [TepRight v Hanh et al.
| Update | | Reset | | Get Data |

Rate Coefticient (cm#*3s~{-1))
==

M. Hahn et al., Astrophys. J. 729, 76 (2011).
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Database Updates (Atomic Data)

State selected photoionization data

' [ Atomic Data Center % [& Photoionization Cro x

C' | [4 pearlkaeri.re.kr/pearl/graph.jsp?reaction=54_3s2_150&element=5

LR

Photoionization Cross Section for S

Cross Section (Mb)

54 352 150

B L 54 352 150 Vel Data list
| 1. 54 352.150 Len ¥ 1.54_3s52_150_Vel
¥ 1.54_3s52_150_Len

1.500|

1.000|

Reference

[1. 54_3s2_150

0.500

(106.783195, 0.298089)

BEL 9E1 1E2 112 1282 13E
Photon Energy (eV)
X-axis : |Linear v | from [72.36653144 | to [130.4796183 |
Y-axis : |Linear v | from [9.7E7 | to [1.92428642 |

Legend position : [TopRight  +

| Update | | Reset || Get Data |
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Database Updates (CR modeling on Web)

Atomic data used for CR modeling (for eg. He I case)

Electron Impact Excitation Rate Coefficient

i\j 11s 215 235 21p 23p 315 335 3lp 33p 3lp 33D | 4ls 435 | 4lp 43p 4lp | 43p

=
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[#] Atomic Data Center x

Electron Impact Excitation Rate Coefficient (115 to21P) |

sz 15 158
Electron Energy (eV)

X-axis : [Linear | from (0.1 | to [1995.262315 |
Y-axis : [Linear v | from [1.584667E-98 | to [6.754828E-9 |
Legend position : TepRight

11S to 21P
W 1 11Sto 21P
— 00000000050
g
< Data list
b “1.11Sto 21P :
2
I £
I Reference
o ossoncanis Y. Ralchenko, R. K. Janev, T. Kato, D. V. Fursa, 1. Bray, and F. J. de Heer,
"Electron-impact excitation and ionization cross sections for ground state
and excited helium atoms", At. Data Nucl. Data 94, 603-622 (2008)
I |




Database Updates (CR modeling on Web)

Input of plasma and atomic parameters

Line Ratio as a Function of To/ng

You can find a figure for relation between line intensity ratio and plasma parameters (Te, Ne). The
figure was calculated by the formulation I of He CR-Model. The plasma was assumed as ionizing
plasma (R;=0).

Enter some parameters at below box and press button.

Gas Temperature(K) : 300 ' (250~500 K)
Pressure (mTorr) : 5 ' (0.5~50 mTorr)
Magnetic Field (T) : o (0~0.1T)

21S state population density (cm™): [1e6 (1E1~1E9 cm™3)
23S state population density (cm™3): [3e8 (1E1~1E9 cm™3)
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Database Updates (CR modeling on Web)

Contour plot for various line ratios as a function of plasma
density and temperature

Atomic Data Center x / [&] Line Ratio as a Fun: x

C' | [3 pearl.kaeri.re.kr/pearl/crmocel/contourjsp?Tgas=3008&Pressure=0.0I

Line Ratio as a Function of To/ne

Gas Temperature(K) 300
Pressure (mTorr) 50
Magnetic Field (T) D
215 state population density (cm=)|1e6
2°5 state population density (cm=)[3e8
Intensity |
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Intensity Il
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4lpais 43p.23s 4'p2tp 43p.2%p

Draw Graph
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Summary & Outlook

1. We have carried out calcultions for EIl and DR by FAC and
photoionization by non-iterative eigenchannel R-Matrix method.

2. Spectroscopic measurements in various plasma devices and CR
modeling have been performed for He L.

3. We have updated the calculated atomic data and implemented
CR modeling on our Web DB (http://pearl.kaeri.re.kr).

4. Parallelization for FAC DR calculation will be done.

5. Improving accuracy of FAC collisional excitation calculation for
neural atom will be sought.

6. Validation for atomic data and CR modeling will be going on
by spectroscopic measurements.

22



