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Abstract

Compiled are expermental data on the cross sections for

electron-capture and -loss collisions between heavy ions

( z ≧ Li) and hydrogen molecules. The result is shown in

graphs as a function of the incident energy of the ions･
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,.EVユーくODUCTエON

ェn a recen七repoれ1) a compilation has been published

of charge transfer cross sections for collisions of ions and

hydrogen atoms. As a continuation of the work, similar

cross sections for hydrogen molecules are compiled in the

present report. Those cross sections are not only of

cbnsiderable importance in understanding charge transfer

mecban土sms bu七also often employed as a standard 土n 七he

normalizattion of the cross section for atomic hydrogen･

Experimental data for the processes

(1) electron capture

xq+ + H2 - Ⅹ(q-a)+

(2) electron loss

xq+ + H2 - Ⅹ(q+n)+

are collected for any element X heavier than helium and any

charge state q ( > 0). =n most cases only one electron is

七ransfered (i.e.′ n
- 1). As far as 七he data ex土s七, cross

sections are shown for multi-electron transfers (n > 1).

The dat.a are shown in graphs, where the cross section and

七he 土nc土dent energy of 七he 土ons are expressed 土n 七he un土七s of

cm2/molecule and eV/amu, respectively. The literature has

been surveyed through early 1980.

i) Y. Kaneko. T. Arikawa, Y. =tikawa, T｡ =wai, T. Kato

K. Okuno, H. Ryufuku, H. Tawara and T. Watanabe'.

=PPJ-AM-15 (1980).

-2-



I. LIST OF PROCESSES SHOWN =N.GRAPHS

Charge Transfer

Fig. No. Processes

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

ll.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Li+ + H2 -

Li2++ H2
->

Li3+

B+

+

+

B2+ +

H

刀

H

2
→

2
→

2
→

B3+ + H2

B3+ + H2

B4+ + =2

B4+ + H2

B5+ +

c+

c2+

c3+

c4+

c4+

c5+

c6+

+

+

+

+

+

+

H2

H2

H2

H2

112

H2

H2

+ H2

+ H2

Li+

山2+

B

B+

→ B+

→ B2+

ー B2+

≡≡E

⊂=正

I-⇒

≡≡≡】

-;=岩】

ニ-i

-→

-⊆岩

巴≡翌

≡≡E

B3+

B4+

C

c+

c2+

c2+

c3+

c4+

c5･ト

N

N2+ + H2
--

N+

N3+ + H2-N2

N4+ + H2- N3

N5+ + =2-- N3

+

+

+

N5+ + H2
--

N4+

3

References

10, 20

3, 10, 20

10′ 20

29

24. 29, 30

30

24′ 29′ 30
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24, 29. 30

24′ 29

21′ 27′ 29

19. 21. 30. 29

18′ 21. 29′ 24

18

18. 21′ 30, 24. 29

24, 29

29

21, 27

27′ 30

18′ 21. 24

18′ 21′ 24

18

18, 21, 24



Fig. No.

24. ･･

25.

26.

27.

28.

29.

30.

31.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Processes

o+ +

o2+ +

o2+ +

o3+ +

o4+ +

o5ヰ･ +

o5+ +

o6+ +

o6+ +

H2 → O

H2 → O

E2
-→

0+

H2 -02

H2 -03

H2 -03

4
H2 → O

H2 -04

+

+

+

+

H2 -05+

F+ →･ H2

F9+ + H2

Ne+

Ne2

Ne3

Mg2

si2

s土3

si4

s土5

s16

s土7

sis

s土9

s土1

+ H2

++

H2

++

1･
+

++

++

++

++

++

++

++

+
+

1++

H2

H2

H2

H2

H2

H2

H2

H2

H2

H2

H2

→ F

-→
F8+

-う
Ne

→ Ne+

→ Ne2+

→ Mg+

-)
si+

→ s土2+

→ si3+

→ s土4十

-う
Si5+

→ si6+

→ s17+

→ s土8+

→ s土10+
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-.::
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13

15

1. 5′ 16

16

16

26

22
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48｡

49.

50.

51.,

52｡

53.

54.

55.

56.

57｡

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Processes

c13++ H2 - C12+

c14++ H2 - C13+

K+ +H2 -K

Ar+ +H2 -Ar

Ar2++ H2 - Ar+

Ar3++ H2 - Ar+

Ar3+-H2 - Ar2+

Ar41･+ H2 - Ar2+

Ar4++ H2 - Ar3+

Ar5++ H2 - Ar4+

Ar6++ H2 - Ar5+

Ar7++ H2 --
Ar6+

Ar8++ H2 - Ar7+

Ar9++ H2 - Ar8+

Ti2

Ti2

Fe4

Fe5

Fe6

Fe7

Fe8

Fe9

Feュ

Feュ

+

+

+

+

+

+

+

+

0+

1+

+ H2
I)

Ti

+ H2
--

Ti+

+ H2 -Fe3+

+ H2 -Fe4+

+ H2 -Fe5+

+ E2 -→
Fe6+

+ H2 -Fe7+

+ H2 -Fe8+

+ H2 -Fe9+

+ H2 - FelO+

E)._
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72?

73.

74.

1

75｡

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

processes

Fe12++ H2 - Fell+

Fe13++ Hl → Fe12+
ム

Fe14++ H2 - Fe13+

Fe15++ H2 - Fe14+

Fe16++ H2 - Fe15+

Fe18++ H2 - Fe17+

Fe20++ H2 - Fe19+

Fe21++ H2
-→

Fe20+

Fe22++ H2 - Fe21+

Fe23++ H2 - Fe22+

Fe24++ H2 - Fe23+

Fe25++ H2 - Fe24+

zn2++ H2 - Zn+

Br3++,H2 - Br2+

Br4++ H2

Br5++ H2

Br6++ H2

Br6++ H2

Br7++ H2

Br7++ H2

Br8++ H2

Br8++ H2

→ Br3+

→ Br4+

→ Br4+

) Br5+

→ Br5+

-⇒
Br6+

→ Br6+

→ Br7+

Br9++ FI2 - Br8+

Br10++ H2 - Br9+

Br叫← H2 - BrlO+

-6･-

References

23. 25

25

23′ 25

25

23

23

17′ 23

17

17′ 23

17

17

17

26
'

6

6′ 9

6′ 9

9

6′ 9

9

6′ 9

9

6′ 9

6

6

6



Fig. No.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

12ユ,.

Processes

Br12+ H2 - Brll+

Kr2++ H2 - Kr+

Mo4++ H2 - Mo3+

Mo5++ H2 - Mo4+

Mo6++ H2 づMo5+

Mo7++ H2 - Mo6+

Mo8++ H2 - Mo7+

Mo9++ H2
-)

Mo8+

MolO++ H2 - Mo9+

Moll++ H2 - Mo10+

Mo12++ H2 - Moll+

Mo13++ H2 - Mo12+

4Mo14++ H2 - Mo13+

Mo15++ H2 - Mo14+

Mo16++ H2 - Mo15+

Mo17++ H2 - Mo16+

Mo18++ H2 - MO17+

cd2++ H2 - Cd+

=2+ + H2

=2+ + H2

=3+ + H2

工3+ + H2

=4+ + H2

=4+ + H2

=5+ + H2

→ 工

→ ェ+

→ 工+

→ 工2+

→ 工2+

→ 工3+

ヨ≡ヨ ェ3+
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122.
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138.
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141.

142.

143.

144.

145.

146.

工5+

ェ6+●

ェ6+

工7+

工7+

ェ8+

ェ8+

工9+

ェ9+

工10+

工10+

工11+

ェ12+

工13+

工14+

工15+

Processes
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+ H2 →

+ h'2 -→

+ H2 -→
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+ H2 →
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+ H2 →

+ H2 →

H2 ー
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H2 ー
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H2 →

H2 →

H2 →

工16+ +

工17+ +

r18+ +

Ⅹe2+ +

Ⅹe3+ +
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Ⅹe5+ +

Ⅹe6+ +

Ⅹe7+ +

E2 -う

H2 →

H

H

冗

H

H

H

H

2

工4+

工4+

工5+

工5+

ェ6+

工6+

ェ7+

ェ7+

工8+

工9+
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工11+
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ェ13+

工14+

工15+

ェ16+

ヰ 工17+

2
-Ⅹe+

2
- Ⅹe2+

2
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2
- Ⅹe4+

2
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2
- Ⅹe6+
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147.

148.

149.

150.

15コ‥

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.∫

164.

165.

166.

167.

168.

169.

170.

171.

Processes

Ⅹe8++ H2

Ⅹe9++ H2

ⅩelO++ H2

Ⅹell++ E2

Ⅹe12++ H2

Ba2++ H2

Ta3++ H2

Ta4++ H2

Ta5++ =2

Ta6++ H2

Ta7++ H2

Ta8++ =2

Tag++ H2

℡alO++ H2

Tall++

Ta12++

H2

H2

Ta13++ H2

Ta14++ H2

℡a15++ H2

Ta16++ H2

Ta17++ H2

Ta18++ H2

Ta19++ =2

w4+ + H2

w5+ + H2

→ Ⅹe7+

→ Ⅹe8+

-→ Ⅹe9+

→ ⅩelO+

→ Ⅹell+

ー Ba･ト

ー Taム+

→ Ta3+

→ Ta4+

ー Ta5+

) Ta6+

→ Ta7+

) Ta8+

) Ta9+

→ ℡alO+

) Tall+

→ Ta12+

→ Ta13+

) Ta14+

) Ta15+

→ Ta16+

→ Ta17+

→ Ta18+

→ w3+

ー W4+
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⊥72.
P

173.

174.

1

175.

176.

177.
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179.
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182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Processes

w6+ + H2

w7+ + H2

w8+ + H2

w9+ + H2

w10++ H2

wll++ H2

w12++ H2

w13++ H2

w14++ H2

w15++ H2

Au5++ H2

Au6++ =2

Au7++ E2

Au8++ H2

;===;】 w5+

→ w6+

-→ w7+

ー W8+

→ w9+

→ wlO+

--う Wll+

--⇒ w12+

→ w13+

→ w14+

→ Au4+

→ Au5+

→ Au6+

→ Au7+

Au9++ H2 - Au8+

AulO++ H2 - Au9+

加11++ H2 - AulO+

Au12++ H2 - Aull+

Au13++ H2 -- Au12+

Au14++ H2 - Au13+

Au15++ H2 - Au14+

Au16++ ⅠⅠ2 - Au15+
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=onization

Fig. No.

Al.

A2.

A3.

A4.

A5.

A6.

A7.

A8.

A9.

AIO.

All.

A12

A13.

A14.

A15.

A16.

A17.

A18.

A19.

A20.

A21.

A22.

A23.

A24.

Processes

Li+ + H2

Li2++ H2

B+ + H2

B2+ + H2

c+ + H2

c2+ + H2

c31･ + H2

c4+ + H2

N4+ + H2

o2+ + H2

si3++ H2

s土4++ H2

c12++ H2

c13++ H2

K+ + H2

Fe20++ H2

Fe21++ H2

Fe22++ H2

Fe23++ H2

Fe24++ H2

Fe25++ H2

Br3++ H2

Br4++ H2

Br4++ H2

==正

I-- -〉

----づ′

→

===芦】

~ニ~

-〉

I-

÷

===E

⊆⊆岩

山2+

Li3+

B2十

B3+

c2+

c3+

c4+

c5+

N5+

→ o3+

→ s土4+

ー S土5+

→ c13+

→ c14+

-→ K2+

→ Fe21+

-→ Fe22+

→ Fe23+

→ Fe24+

--) Fe25+

→ Fe26+

→ Br4+

→ Br5+

-→ Br6+
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A25.
r

A26.

A27.

A28:

A29.

A30.

A31.

A32.

A33.

A34.

A35.

A36.

A37.

A38.

A39.

A40.

A41｡

A42.

A43.

A44.

A45.

A46.

A47.

A48.

A49.

Processes

Br4++ H2 - Br7+

Br4++ H2 - Br8+

Br5++ H2 -- Br6+

Br5++ H2 -- Br7+

Br6++ H2 - Br7+

Br6++ H2 - Br8+

Br7++ H2 -- Br8+

Br7++ H2 - Br9+

Br8++ H2 -- Br9+

Br8++ H2 - BrlO+

Br9++ H2 -> Br10+

Br10++ H2 - Brll+

Brll++ H2 - Br12+

工2+ + H2-工3+

=2+ +H2-工4+

工2+ + H2

エ3+ + H2

=3+ + =2

=3+ + =2

T4+ + H2_l_

=4+ + H2

エ4+ + H2

工5+ + H2

=5+ + H2

=5+ + H2

ー ェ5+

ー 工4+

ー 工5+

-ー エ6+

ー 工5+

→ 工6+

→ 工7+

ー 工6+

→ 工7+

→ 工8+
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A50.

A51.

A52.

A53.
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A55.

A56.

A57.

A58.

A59.

processes

=6+ + H2 -

x6+ +

工6+

ェ7+

工7+

T8+

+

+

H2 -ー

H2 →

H2 →

+ H2 →

+ H2 )

工8+ +

工9･ト +
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Fig･5 B2'+ ‖2 - B◆
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Fig.9 B小+H2- B3･
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Fig..7 C6'+H2- C5'
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Fig.劉 N4'+ Hl- N3'
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Fig.23 N5'+H2- N4'
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Fig.25 02+ +H2
- 0

10-u'

r

JLLl

r fヽl

∈

U

i:!±≡コ

⊂
一

○
●+_

●トJ

U

q)

Uつ

∽

∽

O

L

U

■■■■ヽ

her:

∈

U

i::!l■コ

⊂

○
●

~~
■_J

U

q)

【司司

(刀

∽

O

J

U

10-15

10-78

10一‖

10-t6

10~18

0 Jorgensen et･of t1965)

◎ ◎ ◎ ◎

101 102 103 101 105 1O6 10T

Project了fe Energy (eV/omu)

Fig.26 02'+H2- 0+

10¢

0 Jorgensen et o( (1965)

a Phoneuf
et of

(1978)

△ Gordner et ol 【1979)

A

◎
G) ⑳ ◎金

◎ ① Q ①

100 10] 102 103 101 105 106 107

Projecti一e Energy (eV/omu)

-32-



F垣..27 03'+H2- 02+
●

■=~て=ヽ

5Zn

∈

U

ヽ-′

⊂

0
●

_~一
J J

U

む

Uつ

く乃

∽

O

J

U

′ー

√＼l

∈

U

ヽ■-一′

⊂

○
●+

.1J

U

C)

∽

∽

∽

O

L

U

10~‖

10-]8

10…

A

I-三笥王さ夢'-T三'-'三三
◎

亀

0 Cr(】ndcIIl et Ql (19TT)

⑳ Phoneuf et Ql (1978)

A Meyer et oI (1979)

10f lO2 103 101 1O5 106 10T

Projectile Energy (eV/omし=

Fig.28 0小+H2-03'

100

0 CrQndo[l et Ql (19TT)

⑳ Phoneuf et cllト1978)

鞄-♂

100

◎◎
◎

◎

101 102 103 10- 705 706 10T

Projectite Energy (eV/omu)

-33_



Fig.29 05'+H2･ 0-如

0 CrondoII et oI (19TT)

■■■■ヽ

【iE

∈

U
-_⊥一一

⊂

く⊃
●≡

■ J

U

q)

Uつ

∽

∽

O

J

U

亡=i

b正]

∈

U

ヽ■■■■

⊂

0
●=

■J

U

C)

U?

∽

∽

〈〇

L

U

◎

o①@

10…

TOO 10] 】02 103 101 105 106 10T

Projectile Energy (eV/omu)

Fig.30 05'+ H2- 04'

0 Crondoll
et o( (19TT)

a) Phoneuf et o[ H978)

A Cドロndo11 et oI (197g】

畢車齢 e3>?

101 102 103 -o1 105 106 107

ProjectHe Energy (eV/omu)

-34-

10'u

10-18
100



Fig･3書 06'･+H2- 04+
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Fig.33 F'+ H2- F
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Fig.37 Ne3'+ H2 -I N_te2'
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Fig.39 S72++H2- S盲-+
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F嘘.削 Si一●+H2- Si3+
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Fig.尋3 S盲6'+H2- S75'

町｢｢｢¶¶
0 Kin et (】l (1978l

108
10-t8

′一-I

忘E:

∈

U
■

J

⊂

0
●
■■■l■

■J

U

q)

害E

∽

く乃

O

J

U

■■■■ヽ

【三E

∈

U

i:=▼:コ

⊂

○
●⊥

■J

U

心

害E

(乃

u)

O

J

U

10…

10-u

10-t8

◎

①

10- 102 103 10- 105 106 107

Projectile Energy (eV/omu)

Fig･44 Si''+H2- Si6+

① Kim et oJ (1978)

100

⑳

10] 102 103 10- 105 106 707

Project首Ie Energ)･ (eV/omu)

-41-



Groph No. 19

Fig.45 S了8'+H2- Si''

① K盲m
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Fig.尋7 Sill'･ H2- S了10'
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Fig･49 C]4'.H2- CI3+
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Groph No. 8
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Fig.53 Ar3'+H2- Ar+
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Fig.55 Ar4'+ H2- Ar2'
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F噛.57 Ar5'･H2- Ar4'
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Fi.g.59 ArT'+ H2- Ar6'
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F嘘.馴 Ar9++H2- Ar8'
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Fig.63 T72'+H2- Ti●
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F頓.65 Fe5'+H2- Fe4'
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Fig.67 Fe''+ H2- Fe6'
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F-ig.69 Fe9'+ H,- Fe8'
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Fig.78 Fe-1++ H2- FelO'
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Fig.73 Fe13'+ H2 - Fe12'

① Meyer et cll (1979)
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Fig.75 Fe15'+ H2- Fe.一●
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Fig.77 Fe18'+ H2 - FelT'
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Fig.79 Fe21'+ H2 ･ Fe20'
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Fig.8I Fe23'+ H2- Fe22'
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Fig.83 Fe25'+ H2 - Fe24'
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'.Fig.85 Br3'+ H2- B=｢2+
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Fig.89 Br6'+ H2- Br5'
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Fig.9I BrT' + H～ -
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Fig.93 Br8'+ H2- BrT'
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Fig｡一95 Br.0'+ H2- Br9'
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Fig.97 Br-2'+ H2- Br]I'
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Fig.9J9 Mo4'+ H2- Mo3'
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Fig.eOJMo''+ H2- Mo6'
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Fig.IO5MolO'+ H2 - Mo9'
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Fig.eO9Mof4'+ H, - MoT3'
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Fig.111Mo16'+ H,- Mo15'
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Fig.け3Mot8'+ H2 -
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Fig.H5 ‡2'+H2一 事
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Fig.I尋7 I3'+H2･ I'
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Fig.(I9 I4++Hl- I2'
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Fig.f21 15'+H2- )3'
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Fig.ほ3 16'+H2- F4'
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Fig.ほ5 I''+ト12･ l5'
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Fig.ほ7 f8'+H2･ (6'
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Fig.ほ9 19'+ H2 ∴▲●rT!
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Fig.1.3'J t70'+ H2一 寸8T
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Fig.舌33 lll'+H2- I"'
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Fi.g.ほ5 I13'+ H2- l'2'
●

① Betz et clI (1972)

Lu山 =rl‖H

101 102 103 101 10与 106 107

Projecti一e Energy (eV/QmU)

Fig.

一oo
10118

10-18

Ilh+ H2- IT3'

l=■iコ

【iE

∈

U
▲ニー一一

⊂

○
●-

J J

U

q)

U?

∽

∽

O

｣

{J

′一ー

BZl

∈

U

■==i.■iご二一

⊂

0
●-

.I_J

U

C)

∽

∽

∽

O

L

Eg

10暮 102 103 101 105 106 107

Projectile Energy (eV/omu)

-87-

100



Fig.i37 I-5'+ HL2 - i lf.14'
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Fig.I39 lけ●+ H2- =トー6'
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Fig.i4B Xe2'+ H2･ Xe'
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Fig.ト43Xe如+ H2 - Xe3'
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Fig.I-45Xe6'+ H2 - I_-X-e5+
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FJ'g.147Xe8'+ H2 - XeT'
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Fig.149XelO'+ H2 - Xe9'
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Fig.J5.Xe12'+ H2- Xel)'

0 Crondo[T et o[ (1980)
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.Fig.1(55To5t1.
+ H2一 丁白山

0 Meyer et Qt (19791
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Fig.き57To''+ H2
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① Meyer et oI (1gア9)
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Fig.159To9'+ H2- To8'

① Meyer et oI (1979)
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Fig.帽卓Tolf'+ H2- TQ.0'

0 Meyer et Ql (1979)
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･Fig.a63To13'+
H, - T･o12'

① Meyer et QI (1979l
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F'8g･ I65To15'+ H2 - T･⇒ol小

① Meyer et CII (1979l
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Fig･書67ToU'+ H2 - T･o16'
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Fig.帽9To79'+ H2一 打8+

① Meyer et o[ (1979)
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Fig.e7! W5'+H2- W4'

① Meyer et QI (1g79)
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Fig･173 WT･'H2- W6'

O Meyer et oT (1979)
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Fig.a75 W9'+H2- W8'
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① Meyer et qf (197g)
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Fig･書77Wll++ H2- WfO'

① Meyer et Qf (1979)
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Fig.J79WT3'+ H2- Wf2'
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Fig.椅書 W15'+ H2- W'H'

① Meyer et ql (1979)
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Fig.e83Au6'+ H2- Au5'

① Meyer et Q[ (1979)
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F垣.ほ5Au8'+ H2･ Aur†
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Fig.B87AulO'+ H2 - Au9'
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F垣.帽9Au12'+ H2 ･ AuI''

0 Meyer et oI (1979)
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Fig.卓91Au‖● + H2- Au-3'
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F頓.I93Au16'+ H2 - Au15'

◎ Meyer et c[I (1979)
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工Ⅴ. GRAPHS

-CROSS SECTIONS FOR H + Ⅹq+ → H + Ⅹ(q+n)+
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Fig.A書 Li◆ + H2 -
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F垣.A3 B'+ H～- B2+
rl

O Goffe et c)I (1979)
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Fig.A5 C●+H2- C2'
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= O Goffe et ol (1979l
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Fig.A7 C3'+H2- C4サ
■■

① Goffe et (】l (1979)
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Fig.A9 N4'+H2･ N5'

く∋ Tonumo et o[ (1973)
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Fig.AH Sis+･ H2- Si4'

0 Kin et ol (1978)

■===ヽ

EE

∈
U

ヽ一一■■

⊂

0
●∴

■ーJ

U

O

∽

くゎ

くゎ

0

｣

芦ぢ

J■■■ヽ

EEl

∈
U

--__ご一

⊂

0
= =~~二｣

+..)

U

C)

∽

u)

く乃

O

L

U

10~l†

10~18
100

10't6

10-18

Oo

10I IO～ 103 101 105 106 107

Projectile Energy (eV/omuI

Fig.Aさ2S;小+H2- Si5'

① Kim et ot (1978)

101 102 103 10- 105 106 107

Projectile Energy (eV/omu)

-123-

川○



F垣.A13Cl2'+H2- Cl3'

① Ryding et c;I (19TO)
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F頓.A書5 K++H2- K2'

◎ A[vorez et o[ H976】
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`F垣.AけFe21'+ H2 - Fe22'
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Fig.A.9Fe23'+ H2 - Fe2小
l

0 Ber･kner et o[ (197T)
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Fig.A忘=Fe25+ + H2 - Fe26'

0 Berkner et ol (1977事
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F.Ig.A-23Br一● + H2 - Br5'
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･Fig.A25Br4●
+ H, - Br''

命 日etz et ol (1971
)

一ot lO2 103 101 105 106 10T

Project了Ie Energy (eV/omu)

Fig.A26Br小+ H2 - Br8'

令 Betz et ol (1971 )

100

10] 102 103 101 105 106 107

Projectile Energy (eV/ornu)

-130-

10"

10-J9
一oo

A J

U

(D

Uつ

く乃

く乃

O

｣

:事6

■:~~二■

～

∈

U

ヽ■■一■′

⊂

○
●
-

■J

U

(D

冗E

∽

u)

O

J

U



Fig.A27Br5'+ H2 - Br6'
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F嘘.A'29Br6'+ H2 ･ BrT'

① DQtZ et QI (1970)
* Betz et c)[ (1971)
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F垣.A3iBr''+ H,- Br8'
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Fig.A33Br8'+ H2 - Br9'
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F嘘.A35Br9'+ H, - BrlO'

① Dqtz et ql (19ア0)
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Fig.A37Br1.'+ =2 - Br.2せ

① Dotz et Qt (1970)
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Fig.A39 I2†十H2- f4'
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一F'ig.A削 f3'+H- l4+

① Betz et ol (1972)
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F嘘.A43 !3'+H2- l6'

0 Betz et ql (1972)
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Fig.A47 I5'+H2- l6'
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Fig.A49 i5'+H2- ‡8'
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F頓.A引 f6'+H2- (8'
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`Fig･A53 lT'+ H2- fr8'

0 Betz et QI (1972)
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Fig.A55 I8'+ H～- f9+
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3Fig.A57 卜9'+ H2一 寸･:岬
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Groph No. 19
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S. Miyagawa, K. Morita and R. Shimizu (1980)

=Cross Section.< for Charge Transfer Collisions lnvolving Hydrogen Atoms"

Y. Kaneko, T. Arikawa, Y. Itikawa, T. Iwai, T. Kato, M. Matsu7.aWa,

Y. Nakai, K. Okuno, 】乱Ryufuku, H. Tawara and T. Watanabe (1980)
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IPPJ-AM-16 uTwo-Centre Coulomb Phaseshifts and Radial Functions"

by H. Nakamuraand H. Takagi (1980)

伊PJ-AM-17 "Empirical Formulas for lonization Cross Section of Atomic lons for

Electron Conisions
-Critical

Review with Compilation of Experimental

Data-''

by Y. Itikawa and T. Kato (1981)

伊PJ-AM-18 "Data on the Backscattering Coefficients of Light Ions from Solids"

T. Tabata, R. Ito, Y. Itikawa, N. Itoh and K. Morita (1981)

伊PJ-AM-19 "Recommended Values of Transport Cross Sections for Elastic Conision and

Total Col]ision Cross Section for Electrons in Atomic and Molecular Gases"

M. Haya血i (1981)

打PJ-AM120 "Electron Capture and Loss Cross Sections for Collisions between Heavy

lons and Hydrogen Molecules"

Y. Kaneko, Y. Itikawa, T. Iwai, T. Kato, Y. Nakai, K. Okunoand H. Tawara

(1981)
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