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1. Introduction 

 
Atomic structure and collision cross sections are 

essential data for spectroscopic diagnostics of fusion 
plasma [1]. We have carried out state-of-the-art 
calculations on cross sections for electron-impact 
ionization (EII) cross sections of various atoms and ions. 
Here we report our recent progress on those calculations 
and discuss future research plan focusing on the actual 
need for fusion plasma diagnostics.  

 
2. Theoretical Method  

 
EII of Aq+ ion forming A(q+1)+ ion can occur by two 

main processes. One is direct ionization (DI) of an 
electron  

        e- + Aq+ →A(q+1)+ + 2e-,                    (1) 
and the other is an indirect excitation autoionization 
(EA) via an autoionization (AI) level 

e- + Aq+ →[Aq+]**→A(q+1)+ + 2e-.        (2) 
Total EII cross section for the main two process 
assuming the two processes are independent is given by 
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where DI
fσ is the DI cross section, EA

jσ is the EA cross 
section, and Ba(j) denotes autoionization branching ratio 
(BR) expressed by 
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where Aa
jt is the AI rate from the excited level j to any 

state t of A(q+1)+, Ar
js is the radative decay (RD) rate 

from the j to s level of Aq+, and Br(t) and Ba(s) denote 
recursive radiative stabilization BR of the level t and 
autoionization BR of the level s, respectively. 

Higher order exotic process such as resonant-
excitation double autoionization (REDA) which is 
dielectronic capture to a resonant state [A(q-1)]**  
followed by double autoionization can be involved to 
the EII. The REDA cross section is given by 
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where DC
kσ is the energy averaged dielectronic capture 

(DC)  cross section to level k of A(q-1)+ and Bda(k) is the 
BR  for double AI of level k. The BR for double AI can 
be expressed as 
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where Aa
kj' is the AI rate from k of A(q-1)+ to any level j' 

of Aq+, Ar
kt' is the RD rate from the level k to t' of A(q-1)+, 

and Ba(j') is the BR for AI of the j' level given by 
equation (4). 
We have calculated  DI and EA cross sections along 
with the detailed BR using flexible atomic code (FAC) 
[2] based on a distorted wave approximation (DWA).  

 
3. Results  

 
Our calculated EII cross section of Fe11+ ion forming 

Fe12+ ion are shown in Fig. 1.  Our result agrees with 
recent experimental results better than the previous FAC 
result. 

 
Fig. 1. EII cross sections of Fe11+ ion. Symbols are for 
experimental results [3]. Blue solid line is for previous 
FAC result [4]. Red Solid line is for our calculated 
result [5]. Dotted lines are the various DI and EA 
components of our calculated EII cross section.   

We extended the methodology for the EII calculation  
of Fe11+ ion to the  isoelectronic sequences from P to 
Zn15+. As shown in Fig. 2, our results agree with 
available experimental results better than the previous 
FAC results except for P. For neutral P, preset DWA  
breaks down and more sophisticated corrections would 
be required in present calculation. 

For W17+ our calculation agree with recent 
experiment as shown in Fig. 3. However, for lowly 
charged near neutral W+ our calculated EII cross section 
is about 25% larger than experimental ones as shown in 
Fig. 4. 
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Fig. 2. EII cross sections of P-like ions. Solid lines are for our 
calculated results [6]. Dotted lines are for previous FAC 
results. Symbols are for experimental results. 

As a result, present DWA is good for highly charged 
ions but poor for lowly charged, near neutral ions. 

 

 
Fig. 3. EII cross sections of W17+ forming W18+. Symbol is for 
experimental result [7]. Shaded area represent for various 
components of our calculated cross section [8]. 

 

 
Fig. 4. EII cross sections of W+ forming W2+. Shaded area 
represent for our calculated results [9]. 

 
3. Conclusions 

 
We have calculated EII cross sections of P-like ions 

including Fe11+, and  W ions based on a DWA. Present 

calculations agree with experiments better than previous 
other calculations. However, for lowly charged ions, our 
DWA calculations which uses approximated, non 
unitary scattering matrix have sizable discrepancies with 
experiments. Hence unitary corrections [9] would be 
required to improve EII calculations for lowly charged 
ions. As well more sophisticated R matrix calculations 
would be required for EII of those ions in order to test 
DWA calculations mutually.  
   Collisional cross section data for Fe ions and W ions 
are useful for fusion plasma spectroscopic diagnostics 
since Fe and W are the main components of facing 
materials in nuclear fusion  tokamaks. Our results have 
been uploaded in a database http://pearl.kaeri.re.kr and 
we plan to calculate EII cross sections for other more 
atoms and ions species which are required in fusion 
plasma research area. 
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