
Theoretical Electron Impact Ionization, 
Recombination, and Photon Emissivity 
Coefficient for Tungsten Ions 

D.-H. Kwon 

 

Nuclear Data Center,  

Korea Atomic Energy Research Institute  

2016. 12. 21 

TM on Uncertainty Assessment and Benchmark Experiments 
for A&M Data for Fusion Applications  

IAEA Headquarters, Vienna, Austria 



O 

   

ZHe
i

i

E

*

He Zff21
n

n
f, 






Nuclear Data Center 

Plasma wall interaction & impurities 

Introduction 

T. Pütterich, IPP thesis report (2006) 
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5.616 s 5.725 s 

KSTAR campaign 2015 
W powder injection experiment 
by KAIST and ITER Korea teams 

Nuclear Data Center 

  A spectroscopic modeling for analysis of the experiment 
has been carried out being combined with a transport effect.   

Introduction 
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Spectroscopic modeling 

Nuclear Data Center 

Emissivity εij for line transition i→j 
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Transport modeling 
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PEC calculation for W ions 
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PEC calculation for W ions 

Nuclear Data Center 

FAC data vs. ADAS data  

For eg. W25+  
             Total 9+496 levels              1+28 states 

Full J-J coupled  level 
 resolved scheme 

Configuration average 
 scheme 
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PEC calculation for W ions 
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PEC calculation for W ions 
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PEC calculation for W ions 
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PEC calculation for W ions 
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Transport free equilibrium state   
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Transport modeling for W ions 

Nuclear Data Center 

ASDEX-U D & V (assumed) 
Ionization & recombination data (ADAS) 
Transport equation (SANCO code) 
by KAIST team  

Electron temperature and density profile used for 
modeling  
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Transport effect   
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Ionization data for W spectroscopic modeling 

D.-H. Zhang and D.-H. Kwon,  
JPB 47,  075202 (2014)  

W17+  

FAC level  
resolved  

ADAS 
CADW  

ADAS ionization data by CADW ab-initio calculation for W ions 

is reliable within 30-50% accuracy being compared with other ab-

initio calculations and the data set is available for all ionization 

stages by S. D. Loch et al. (Phys. Rev. A 72 052716 2005).      

W+  

D.-H. Kwon, Y. S. Cho, and Y. 
O. Lee, IJMS 356,  7 (2013)  

Nuclear Data Center 

W25+  

A. Kyniene, S. Pakalka, 
S. Masys, and V. Jonauskas,  
JPB 49,  185001 (2016)  

4d104f11 4I15/2 4d104f3 4I9/2 
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R-Matrix vs. DW for CE 

Nuclear Data Center 

Channels : 
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Wavefunction of the scattered electron 
 in channel i  
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r < r0 

Inner region 

R-Matrix  

Boundary 

r=r0 

r0 < r < rmax 

Outer region 

Exchange potential 
between scattered 
electron and bound 
electron is 
neglected.  
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K1K1S S†S = I : Unitary condition 
 is satisfied. 

DW approximation 

Channels are not coupled. 
Unitarity is not satisfied. 
Target state description is  
more expandable. 
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EII pathways and cross sections 

Direct ionization (DI) 
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Excitation-autoionization (EA) 
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Total EII cross section in an Independent Process-Isolated Resonance 
(IP-IR) approximation 
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Compilation of recombination data 

A A**A1h  

A A1h  

Nuclear Data Center 
4f open shell, benchmark experimental data by 

 measurement in TSR is available. 
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DR data for W spectroscopic modeling 

IAEA&KAERI Joint CM on DR for W (Sept. 2015)  

ADAS recombination data based on a simple Burgess formula for W ions quite 

differ from other ab-initio calculations and the data is not available for many 

ionization stages.      

ab-initio calculation 
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New recommended DR data for W ions 
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Fractional abundance 

Nuclear Data Center 
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Fractional abundance difference 

Nuclear Data Center Submitted to Nuclear Fusion  
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Spectra sensitivity 

Nuclear Data Center 
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Modeling uncertainties  

  Electron temperature & density profiles 

  Transport D & V coefficients 

  Time evolution of impurity  

  PEC beyond coronal model 

  Atomic data for ionization and recombination  

Nuclear Data Center 
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CR modeling for lowly charged W ions  

Nuclear Data Center 

J. Abdallah Jr, J. Colgan, R. E. H. Clark, C. J.  Fontes and H. L. Zhang,  
J. Phys. B 44 075701 (2011)  

ATOMIC non-LTE calculation 

ne = 1014 cm-3 

Te = 1 eV 

ne = 1014 cm-3 

Te = 2 eV 
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CE for lowly charged W ions  

Nuclear Data Center 

Collisional excitation of W3+ 

5p→5d 

(5d3 4F3/2) 
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DR data of W ions  

Nuclear Data Center 

D.-H. Kwon and W. Lee, JQSRT 170,  182 
(2016); ibid., 179, 98 (2016)  

D.-H. Kwon and W. Lee, JQSRT, 179, 98 
(2016)  

Zn-like 3d104s2  Cu-like 3d104s  



O 

DR data of W ions  

Nuclear Data Center 
D.-H. Kwon and W. Lee, JQSRT 179, 98 (2016)  

Uncertainties 
from configuration 
 interaction 

Uncertainties 
from orbital choices 

Ni-like 3d104s  
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DR data of W ions  

Nuclear Data Center 

W5+                                   4f145s25p65d 

   W6+                                         4f145s25p6 

W7+          4f145s25p5 or 4f135s25p6 

  

Ground configuration 
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DR data of W ions  

Nuclear Data Center 

W20+ (4d104f8) 

N. R. Badnell et al., PRA 85, 052716 (2012) 

Our calculation 

TSR experiment 

LS total 

IC total PD 

IC  

4d→4f 

IC 4d→4f 

LS 

4d→4f 

LS 

4f→4f 

CA 

4d→4f 

IC  

4f→4f 

4d→4f 

Δn =0, 4d→4f, 4f→4f 

Δn=1, 4d→5l, 4f→5l 

4d→4f resonances 
: 84223-188900 

4f→4f resonances 
: 28944-40689 

FAC radiative decay 

 routine  was parallelized. 
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Summary and outlook  

  We have calculated DR and PEC of W ions 
for spectroscopic modeling. 

 

Recently recommended DR rate coefficients 
for W ions have been used for a 
spectroscopic modeling and the sensitivities 
of the line intensities to DR rate coefficient 
have been investigated. 

 

DR for  Wq+ (q=8-12, [Kr]4d104fm5s25pn) 
will be calculated.  

Nuclear Data Center 
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Our website for atomic 
data and modeling 
http://pearl.kaeri.re.kr 

Collaborations 

ITER Korea VUV Diagnostic Team (Dr. C. R. Seon), 
 KSTAR Team 

Dept. of Physics, Fusion Plasma Transport 
 Research Center (Prof. W. Choe) 


