
平成２０年３月２７日 
原子分子データ活動に関する研究会 
原子力機構東京事務所（東京・千代田区） 

原子分子イオンの衝突に関する調査と 

低電離Wイオンの電荷変化断面積 
京都大学大学院工学研究科 伊藤秋男 

 
委託研究 原子・分子・イオンの衝突に関する調査 

（文献調査・データシート作成） 

（電荷変化断面積測定） 
平成 6年度まで 

C+, 2+, 3+  + H2, CO2, CH4, C2H6, C3H8 
平成 7～9年度 低電離金属イオンの電荷変化断面積（Ⅰ）（Ⅱ）（Ⅲ） 

Cr+, 2+, 3+  + He, Ne, Ar, Kr, H2, CO, CO2, CH4, C2H6, C3H8 
Be+, 2+  + He, Ne, Ar, Kr, H2, CO, CO2, CH4, C2H6, C3H8 

平成 10～12年度 低電離 Ni イオンの電荷変化断面積（Ⅰ）（Ⅱ）（Ⅲ） 
Ni+, 2+  + He, Ne, Ar, Kr, H2, CO, CO2, N2, CH4, C2H6, C3H8 

平成 13～15年度 低電離 Fe イオンの電荷変化断面積（Ⅰ）（Ⅱ）（Ⅲ） 
Fe+, 2+  + He, Ne, Ar, Kr, H2, CO, CO2, N2, CH4, C2H6, C3H8 
Be+, 2+  + He, Ne, Ar, Kr, H2, CO, CO2 
B+, 2+  + He, Ne, Ar, Kr, H2, CO, CO2 

平成 16～19年度 低電離W イオンの電荷変化断面積 
W+  + He, Ne, Ar, Kr, H2, N2, CH4, C2H6 （測定継続中） 
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文献調査 → データサーバ構築 （2006 年 10 月プロトタイプ稼働），断面積測定 → 国際会議・論文発表 
• 今井誠 科学研究費補助金 基盤研究（C） 平成１８～１９年度 
核融合プラズマ中の高 Z不純物に関する電荷変換断面積測定とデータサーバ構築. 

• Makoto Imai , Akio Itoh, Manabu Saito, Yoichi Haruyama and Hirotaka Kubo, 
Production and compilation of charge changing cross sections of ion-atom and ion-molecule collisions, 
The International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC XXV), 
July 25 − 31, 2007, Freiburg, Germany. 

• Makoto IMAI, 
Electron Capture Cross Section for W+ Ion Colliding with Gaseous Targets & Compilation of Charge Changing 
Cross Section of Energetic Ion Collisions, 
Core University Program Workshop, November 12 − 14, 2007, NFRI, Daejeon, Korea. 

• M. V. Khoma, M. Imai, O. M. Karbovanets, Y. Kikuchi, M. Saito, Y. Haruyama, I. Yu. Kretinin, M. I. Karbovanets,  
A. Itoh, R. J. Buenker, 
A simple theoretical approach of electron capture processes in collisions of atomic ions with polar targets, 
ready for submission. Be2+ + CO, B2+ + CO, Be2+ + C3H8 

Electron Capture Cross Section for
W+ Ion Colliding with Gaseous Targets

Compilation of Charge Changing Cross Sections of
Energetic-Ion Collisions

Makoto Imai
imai@nucleng.kyoto-u.ac.jp

Department of Nuclear Engineering, Kyoto University

京都大学原子核工学専攻
今井誠

Core University Program Workshop, 
NFRI, Daejeon,  Nov 13, 2007   

Outline
Production (measurements) of charge changing (e-capture) cross 
sections of some fusion-related collision systems
at Kyoto Univ.

Be1,2+,  B1,2+,  C1,2,3+,  Cr1,2+,  Fe+,  Ni1,2+,  W+

+   He, Ne, Ar, Kr, H2, CO, CO2, N2, CH4, C2H6, C3H8

Brief introduction to Japanese databases at JAEA and NIFS

Compilation of experimental charge changing cross sections from 
literature
(co-operative activity between JAEA and Kyoto Univ.)

• Compilation since 1983
• Electric version started in 2006

http://toshi3.nucleng.kyoto-u.ac.jp:5560/isqlplus/

 

本委託調査からの発展と関連発表（平成 19年度） 
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抽出文献数 

調査対象学術雑誌 

 

文献調査・データシート作成 

対象年 全断面積 部分断面積 その他 計 
1983～1989 57   57 

1990 16   16 
1991 20   20 
1992 12 12  24 
1993 7 4  11 
1994 10 8  18 
1995 10 6 4 20 
1996 7 2 2 11 
1997 12 1 2 15 
1998 5 6 1 12 
1999 6 4 5 15 
2000 6 1 3 10 
2001 18 2 5 25 
2002 2 2 7 11 
2003 12 1 12 25 
2004 12 1 8 21 
2005 16 4 19 39 
2006 5 2 11 18 
2007 13 2 4 19 
計 246 58 83 387 

• Atomic Data and Nuclear Data Tables 
• The European Physical Journal D 
• Europhysics Letters 
• JETP 
• JETP Letters 
• Journal of Physical and Chemical Reference Data 
• Journal of the Physical Society of Japan 
• Journal of Physics B: Atomic, Molecular and Optical Physics 
• Nuclear Instruments and Methods in Physics Research sect. A 
• Nuclear Instruments and Methods in Physics Research sect. B 
• Physica Scripta 
• Physical Review A 
• Physics Letters A 
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H+ + Ne → H0 (Single electron capture)
T. Kusakabe et al.
Phys.Rev A75 044701 (2007)

文献調査・データシート作成 
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Charge Changing Collision Cross Section Database
Number of Collected Papers Journals under the survey

Atomic Data and Nuclear Data Tables
The European Physical Journal D
Europhysics Letters
JETP
JETP Letters
Journal of Physical and Chemical Reference Data
Journal of the Physical Society of Japan
Journal of Physics B: Atomic, Molecular and Optical Physics
Nuclear Instruments and Methods in Physics Research sect. A
Nuclear Instruments and Methods in Physics Research sect. B
Physica Scripta
Physical Review A
Physics Letters A1811252006

25121122003
2181122004

116232002

121651998
155461999
103162000
2552182001

27114122005

3567156229Total

1928331511983−1997
TotalMiscPartialTotalYear

http://toshi3.nucleng.kyoto-u.ac.jp:5560/isqlplus/

UserID: ICAMDATA
Password: MEUDON (Please do not change!!)

Now contains 1766 cross section data for 486 collision systems with 145 authors’ information,
taken from 29 articles published in PRA and JPB in 2004, 2005 and 2006.

Electric Version:

 

衝突断面積データサーバ 
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Charge Changing Collision Cross Section Database
Inside table “COL”, including collision system information

 
 

衝突断面積データサーバ 
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Charge Changing Collision Cross Section Database
Inside table “DOC”, including document information

 
 

衝突断面積データサーバ 
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Charge Changing Collision Cross Section Database
Select docno, sysno from ALEX.COL

where proj1 like ‘U’ and targ1 like ‘Ar’;

 
 

衝突断面積データサーバ 



 

— 9 — 

Charge Changing Collision Cross Section Database
Select ∗ from ALEX.DOC where docno=2004002;

 
 

衝突断面積データサーバ 
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Charge Changing Collision Cross Section Database
Select ∗ from ALEX. COL where docno=2004002 and sysno=41;

 
 

衝突断面積データサーバ 
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Charge Changing Collision Cross Section Database
Select ∗ from ALEX. DATA where docno=2004002 and sysno=41;

 
 

衝突断面積データサーバ 
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Charge Changing Collision Cross Section Database
Plan for 2008

Retroactive input of data for previous period and other journals

Joining IAEA Genie Network

 
 
 

衝突断面積データサーバ 

2008 年中に今井が渡墺して作業することを同意済み 
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The Experimental Apparatus
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断面積測定－ 実験装置 
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Rate equation for Wi+ intensity 

where
Relative Intensity of Wi+ ion
Target Thickness (= Density× Length in /cm2)
Charge Transfer Cross Section (cm2) Wj+

→Wi+

Under the Single Collision Condition, this simultaneous equation
reduces to 
where

Intensity of W2+, W+ and W0, respectively.

How to Derive Cross Sections
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断面積測定 
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Data Processing
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断面積測定 
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Single and double electron capture cross sections σ10, σ21 and σ20 for (a), (a’) Be ions and (b), (b’) B ions. 
Present value: filled symbols connected with full and dashed lines, σ10 and σ21, respectively; filled smaller symbols connected with dotted lines, σ20. 
Calculted values: (a) open circle with full line, σ10 for He by Shimakura; open circle and triangle with dashed line, σ21 for He by Fritsch and Suzuki et 
al., respectively; open circle with dotted line, σ20 for He by Fritsch; (a’) open circle and triangle with dashed line, σ21 for H2 by Kimura and Lane and 
Schultz et al., respectively; (b) open circle and triangle with full line, σ10 for He by Shimakura et al. and Hansen and Dubois, respectively. 

ICAMDATA2004（Octber 5−8，2004, 土岐市）； Journal of Plasma and Fusion Research SERIES Vol.7 (2006), pp.323−326. 

測定結果 
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Single and double electron capture cross sections σ10, σ21 and σ20 for (a), (a’) Fe+ ion, (b1), (b1’) Ni+ ion and (b2), (b2’) Ni2+ ion. 
Present value: filled symbols connected with full and dashed lines, σ10 and σ21, respectively; filled smaller symbols connected with dotted lines, σ20. 
Open square and circle with full line in the (a) and (a’) sections denote experimental values σ10 for Ar and N2 targets, respectively, by Layton et al. 

ICAMDATA2004（Octber 5−8，2004, 土岐市）； Journal of Plasma and Fusion Research SERIES Vol.7 (2006), pp.323−326. 

測定結果 
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測定結果 
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