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Abstract

Up-dated are experimental 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.



Introduction

This is the first up-dated version to our previous compilation of data on the electron

capture and loss cross sections involving heavy ions entitled

"Electron capture and loss cross sections for collisions betweeュheavy
ions and

bydrogen molecules"

by Y. Kaneko, Y. Itikawa, T. Iwai, T. Kato, Y. Nakai, K. Okunoand H. Tawara (IPPJ-

AM-20, 1981).

New data surveyed tbrougll the early 1983 as well as those compiled previously are

shown in the following figures in the unit of eV/amu for the incident energy a!1d of

cm2/molecule
for the cross section. New data are indicated with square marks in

figures. The processes of available data are listed in Section I and the references are

shown in Section II.
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I. LIST OF PROCESSES SHOWN IN FIGtJRES

(I) Charge Transfer

Fig. No.

1.

2.

3.

4.
1

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Processes

Li+ + H2 +

Lil+ + H2 +

Li3+ 十 H2 →･

Beュ+ + H2 →

Beョ+ 十 H2 →

Be4+ + H2 +

ち+ + H2 ヰ

B2+ + H2 +

B3+ + H2 +

B3十 十 H2 →

B4十 十 H2 →

B4+ + H2 11>

B5+ + H2 →

c十 十 H2 →･

c2十 十 日2 →

c3+ + H2 +

c4+ + H2 1>

c4+ + H2 +

c5+ + H2 +

c6+ + H2 ->

N+ + H2 +

N2+ + H2 →

N3+ 十 H2 →

N4+ + H2 →

N5十 + H2 →

N5十 + H2 →

Li

Li+

Li2十

Be+

Be2'

Beョ+

B

B+

B+

B2十

B2十

B3+

B4十

C

c+

c2+

c2十

c3+

c4+

c5+

N

N+

N2十

N3+

N4十

N4+
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30

24, 29, 30

24, 29

21,26,29,35,46

19,21,29,30

18,21,24,29,52,57

18

18,21,24,29,30,52,57,59,61

24,29, 52,61

29,47, 52,59,61

21,26,35,46

21,30,59

18,21,24,58
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Fig. No.

27.

2臥

29.

30.

31.

32.

33.

34.

3､5.

36.

37.

38.

39.

40

41.

42.

43.

44.

45.

46.

47.

48.

49.

50

51.

52

53

54.

Pro cesses

N6+ . H2 / N5'

N7+ + H2 . N6+

o+ + H2 + O

Q2+ + H2 -+ 0

o2+ + H2 I+ 0+

o3十 十 H2 → 02+

o4+ + H2 + 03+

o5+ + H2 + 03+

o5+ + H2 1+ 04+

o6+ + H2 + O4+

o6+ + H2 + 05+

o7+ + H2 + 06+

o8+ + H2 -> 07+

ど+ 十 H2 -ナ F

F9+ + f12 ll+ F8+

Ne十 十 H2 → Ne

Ne2+ + H2 + Ne+

Ne3+ + H2 + Ne2+

Ne4+ + H2 + Ne3+

Ne6+ + H2 → Ne5十

Ne8+ + H2 + Ne7+

Ne9十 十 H2 → Ne帥

New+ + H2 + Ne9+

Na2+ + H2 + Na+

Na3+ + H2 - Na2+

Na4十 + H2 ･◆ Na3十

Mg2+ + H2 + Mg+

Mg3+ + H2 + Mg2+
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18
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18
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13

15
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Fig. No.

55.

56.

57.

58.

59.

60.
1

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Pl･OCeSSeS

Mg3+ + H2

Mg4+ + H･2

Mg4+ + H2

Mg5+ + H2

Mg5十 + H2

AI2+ 十 E2

A13十 + H2

Alュ+ + H2

A14ヰ 十 H2

A14+ + H2

A15+ 十 H2

si2+ 十 日2

si3+ + H2

si4十 十 H2

si5十 + H2

si6+ + H2

si7+ +
I

H2

sis+ + H2

si9+ + f!2

sill十 十 H2

cI3+ 十 H2

c14+ + H2

K+ + H2

Ar十 十 H2

Ar2+ + H2

Ar3+ + H2

Ar3+ 十 H2

Ar4+ + H2

→ Mg+

→ Mg3+

+ Mg2+

→ Mgヰ+

→ Mg3十

→ Al十

ヰ A12+

→ Al+

ヰ A13+

ヰ A12+

ヰ A14+

ヰ Si+

+ si2+

+ si3+

→ siヰ十

→ si5+

⇒ si6+

⇒ si7十

+ si8+

→ silO+

⇒ c12十

ヰ C13+

-+ K

ヰ Ar

ヰ Ar十

ヰ Ar+

ヰ Ar2十

+ Ar2+
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Fig. No.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Pro cesses

Ar4+ + H2 →

Ar5+ + H2 +

Arc+ + H2 ･+

Ar6+ + H2 +

Ar7+ + H2 +

Ar8+ + H2 +

Ar9+ + H2 +

Reference s

Ar°+ 31,32,51,58

Ar4+ 3 1

Ar4+ 58

Ar5十 3l,32,33,51,58,59

Ar6+ 31, 58, 59

Ar7十 24,31, 59

Ar8十 31, 59

ArlO+ 十 H2 → Ar9+ 59

Ar18+ + H2 + Ar17+ 47,61

Tiュ+ + H2 → Ti I9

Ti?.+ + H2 + Ti+ 19

Fe3十 + H2 → Fe+ --.･--58

Fe3+ + H2 . Fe2+ 40,58,60

Fe4+ + H2 + Fe3+ 25,60

Fe5+ + H2 . Fe4+ 25,31,58,60

Fe6+ 十 H2 → Fe5+ 24,25,31,56,60

Fe丁+ 十 H2 → Fe6+ 25,40,60

Fe8+ + H2 I+ Fe7+ 25,60

Fe9+ 十 H2 →

FelO+ 十 H之 →

Fell+ 十 H2 →

Fell+ + H2 .

Fe12十 十 H2 →

Fe13+ + H2 +

Fe14+ + H2 1>

Fe14十 十 H2 →

Fe15+ + H2 +

Fe16+ + H2 I+

Fe8+ 23, 25, 40, 60

Fe9+ 25, 40, 60

FelO+ 25, 40, 60

Fe
10+

40

Fell+ 23, 2!, 40, 60

Fe12+ 25, 40, 60

Fe
12+

ヰO

Fe13+ 23, 25, 40

Fe
14十

25

Fe
14+

40
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0･

Fig. No.

111.

112.

1,13.

114.

115.
:

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Processes

Fe16+ + H2

Fe18+ + H2

Fe18+ + H2

Fe20十 十 H2

Fe20+ + H2

Fe21+ + H2

Fe2卜 十 H2

Fe22+ 十 1Ⅰ2

Fe22+ 十 =2

Fe23+ + H2

Fe24+ 十 H2

Fe25十 十 E2

zn2+ 十 H2

Br3+ 十 H2

Brヰ+ 十 H2

Br5+ + H2

Br6+ + H2

BT6+ + H2.

Br7+ + H2

Br7+ 十 H2

Bra+ + H2

Br8+ 十 =2

Br9+ + H2

BrlO+ + H2

Brll+ + H2

Br12+ + H2

Kr2+ + H2

Kr3+ +. H2

→ Fe15+

→ Fe16+

ヰ Fe17+

+ Fe18+

→ Fe19+

⇒ Fe19十

ヰ Fe20+

+ Fe20+

ヰ Fe21十

ヰ Fe22+

ヰ Fe23+

ヰ Fe24十

→ zn+

ヰ Br2+

ヰ Br3+

+ Br4'

ヰ Br4+

→ Br5十

→ Br5+

+ Br6'

+ Br6+

ヰ Br7+

ヰ Br8+

-+ Br9+

ヰ BrlO+

+ Brll+

+ Kr+

+ Kr'
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Fig. No.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Processes

■

Kr3+ + H2 →･ Kご2+

Kr4+ + H2 + Kr2+

･Kr4+ + H2 + Kr3+

Kr5+ + H2 + Kr3+

Kr5+ + H2 I+ Kr4+

Kr6+ + H2 + Kr4+

Kr6+ + H2 I+ Kr5+

Kr7+ + H2 1> Kr5+

Kr7+ + H2 + Kr6+

Kr8+ + H2 + Kr7+

Moヰ+ + H2 → Mo3+

Mos+ + H2 → Mo4+

Mo6+ + H2 -ナ Mo5+

Mo7+ + H2 + Mo6+

Mos+ + H2 + Mo7+

Mo9+ + H2 + Mo8+

MolO+ + H2 + Mo9+

Moll+ + H2 I+ MolO+

Mo12十 + H2 → Moll十

Mo13+ 十 H2 → Mo12+

Mo14+ + H2 → Mo13+

Mo15+ + E2 → Mo14+

Mo16+ + H2 + Mo15+

Mo17+ + H2 + Mo16+

Mo18+ + H2 + Mo17+

cd2十 + H2 → Cd+

12+ 十 H2 → Ⅰ

Ⅰ2+ + H2 → Ⅰ+
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Fig. No.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

･183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

Processes

I3十 十 B2 →

I3+ + H2 +

I4+ + H2 +

l4+ + l{2 +

Ⅰ5+ 十 H2 →

I5+ + H2 +

I6+ + H2 +

I6+ + H2 +

Ⅰ7十 十 H2 →

Ⅰ7+ + H2 →

I8+ + H2 +

I8+ + H2 -

I9+ + H2 +

I9+ + H2 I+

Ilo+ + H2 +

IIO+ 十 H2 →

Ill+ + H2 →

こ=

I12+ 十 H2 →

I13+ 十 H2 →

I14+ 十 H2 →

I15,･十 H2 →

I16+ + H2 .

I17+ 十 H2 →

Il&+ + H2 +

xe2十 + H2 →

xe3十 + H2 →

Ⅹe4十 十 H2 →

Ⅹe5+ 十 H2 →

I+

Ⅰ2+

Ⅰ2+

Ⅰ3+

I3+

I4+

Ⅰ4+

Ⅰ5+

Ⅰ5+

I6+

I6+

Ⅰ7+

It7'

Ⅰ8+

Ⅰ8+

I9+

i
IO'

Ill十

I
12+

I
13+

Il小

I
15+

I
16+

I
17+

Ⅹe+

Ⅹe2十

Ⅹe3+

Ⅹe4+
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Fig. No.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

Processes

xe6' . H2 / xe5+

xe7+ + H2 + Xe6+

xe8+ + H2 ナ Xe7+

xe9+ + H2 + Xe8+

xe10+ + H2 + Xe9+

･x611+
十 H2 → XelO+

Ⅹe12+ 十 =2 → Ⅹell+

cs2+ ∴ H2 → Cs+

cs3+ 十 H2 → Cs+

cs3+ + H2 + Cs2+

cs4+ + H2 + Cs2+

cs4+ + H2 -+ Cs3+

cs5+ 十 H2 → Cs3+

cs5十 十 Ⅲ2 → Cs4+

Ba2+ + H2 + Ba+

Ta3+ + H2 + Ta2+

Ta4+ + H2 . Ta3+

T㌔+ + H2 → T㌔+

Ta6+ + H2 I+ Ta5+

Taヮ+ + H2 →

T㌔+

T㌔十 十 H2 →

T㌔十

Tag+ + =2 → Ta8+

TalO+ + H2 + Ta9+

Tall+ 十 H2 → TalO+

Ta12十 + H2 → Tall+

Talュ+ 十 H2 → Ta12+

Ta14十 十 H2 ･+ Ta13+

Ta15+ + H2 + Ta14+
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Fig. No.

223.

224.

225.

p

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

2A′

247.

248.

249.

250.

Proce,sses

Ta16+ + H2 + Ta15+

Ta17+ 十 H2 → Ti16+

Ta18+ + H2 → Ta17+

Ta19+ 十 H2 → Ta18+

w4+ + H2 + W3+

w5+ + H2 + W4+

w6+ + H2 + W5+

w7+ + H2 + W6+

w8+ 十 H2 → W7+

w9+ + H2 + W8+

wlO+ + H2 I+ W9+

wll+ + H2 + WIO+

w12十 十 H2 → Wll+

w13+ + H2 I+ W12+

w14十 十 H2 → W13+

w15十 + H2 → W14+

Au5+ + H2 + Au4+

Auる+ 十 H2 → An5+

Au7+ +

.H2

+ Au6+

Au8+ 十 H2 →･ Au7+

Au9+ + H2 . Au8+

Auto+ 十 H2 → Au9十

Aull十 十 H2 → AulO十

Au12+ 十 H2 → Au11+

Au13十 十 H2 → Au12+

Au14+ 十 H2 → Au13十

Au15+ + H2 -> Au14+

Au16+ + H2 + AulS+
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Fig. No.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

Processes

pb2+ + H2

pb3+ + H2

pb3+ + H2

pb4+ + H2

pb4+ 十 H2

pb5+ 十 H2

pb5+ + H2

pb6+ + H2

pb6+ + H2

pb7+ 十 H2

pb7+ + H2

Bi2+ 十 H2

Biョ+ 十 H2

Bi3+ + H2

Bi4十 十 H2

Bi4+ + H2

Bi5+ + H2

Bi5+ 十 H2

Bi6+ + H2

Bi6+ + H2

Bi7十 十 H2

Biヮ+ 十 =2

→ pb+

→ pb+

ヰ Pb2+

ヰ Pb2+

⇒ pb3+

ヰ Pb3十

ヰ Pb4+

ヰ Pb4+

→ pb5+

→ pb5+

+ pb6'

+ Bi+

.+ Bi'

+ Bi2+

⇒ Bi2+

+ Bi3+

+ Bi3+

+ Bi4+

→ Bi4+

ヰ Bi5+

→ Bi5+

+ Bi6+
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(2) loniz'ation

Fig. No.

Al.

A2.

A3.

A4.

A5.

A6.

A7.

A8.

A9.

AIO.

AIl.

AIつ.

A13.

A14.

A15.

A16.

A17.

A18.

A19.

A20.

A21.

A22.

A23.

A24.

A25.

A26.

A27.

Processes

Li+ + H2 + Li2+

Li2+ 十 H2 ヰ Li3+

良+ 十 B2 → B2十

B2+ + H2 . B3+

c+ + H2 + C2+

c2+ + H2 . C3+

c3+ + H2 + C4+

c4+ 十 H2 → C5十

N4+ + H2 + N5+

o2+ + H2 . 03+

si3+ + H2 + Si4+

si4+ + H2 + Si5+

c12+ + H2 -> C13+

c13+
'･+

H2 . Cl･4+

K'

Fe3+

Fe
4+

Fe
4+

Fe
4十

Fe
9'

Fe12十

Fe
14+

Fe
14十

Fe
16+

Fe16+

Fe
18+

Fe
20十

+ H2 . K2+

+ H2 + Fe4+

+ H2 I+ Fe5+

+ JI2 <･ Fe6+

十 H2 → Fe7+

十 H2 → FelO+

十 H2 → Fe13+

+ H2 + Fe15+

+ H2 . Fe16+

十 H2 → Fe17十

十 H2 → Fe18+

十 H2 → Fe19+

+ H2 . Fe21+
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Fig. No.

A28.

A29.

Aョo.

A31.

A32.

A33.

A34.

A35.

A36.

A37.

A38.

A39.

A40.

A41.

A42.

A43.

A44.

A45.

A46.

A47.

A48.

A49.

A50.

A51.

A52.

ASS.

A54.

A55.

Pro cesses

Feュl+ 十 H2 →● Fe22+

Fe21+ + H2 I+ Fe23+

Fe22十 十 H2 →･ Fe23+

Fe22+ + H2 → Fe2ヰ十

Fe23+ 十 H2 → Fe24+

Fe24+ + H2 -> Fe25+

Fe25+ + H2 + Fe26+

Br3+ + H2 + Br4+

Br4+ + H2 + Br5+

Br4+ + H2 -> Br6+

Br4+ + H2 I+L Br7+

Br4+ + H2 + Br8+

Br5+ + H2 . Br6+

Br5+ + H2 + Br7+

Br6+ + H2 + Br7+

Br6+ + H2 + Br8+

Br7+ 十 H2 → Br8十

Br7+ + H2 + Br9+

Br8+ 十 H2 →･ Br9+

Br8十 十 H2 → BrlO十

Br9+ + H2 + BrlO+

BrlO+ + H2 + Brll+

Brll+ 十 H2 → Br12+

I2+. + H2 . I3+

I2+ + H2 . I4+

Ⅰ2十 十 H2 → Ⅰ5+

Ⅰ3+ 十 H2 → Ⅰ4+

Ⅰ3+ 十 H2 → Ⅰ5+
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Fig.21 N'+H2- N
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Fig･23 N3'+H2- N2'
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Fig.29 0'+H2- 0
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Fig.37 06'+H2- 05'
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Fig.49 Ne]0'+ H2- NeS'
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F盲g.53 Mg2'+H2-Mg'
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Fig.55 Mg'3'+ H2-Mg'
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F7g･57 Mg4'+H2- Mg2'
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Fig.59
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Fig.6】 A13'+H2-A‡2'
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F7g.65 Af5'+H2-AI4+
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Fig.67 S亨3'+H2- Si2'
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Fig.69 Si5++H2- Si4'
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Fig.71
･SiT'+H2-

S78+
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Fig.T3 Si9'+H:- S78+
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Fig.75 暮Cl3'+H2- Ct2'
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Fig.7t7 K'+ H2- K
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F7g.79 Ar2'+H2- Ar+

:=iこ:コ

fq

_∈U

ヽ=こ=■

⊂

0

●+I

■トJ

U
C)

∽

∽

∽

O

L

U

■■ー

:i聖

∈
U

ヽ■一′

⊂

0

●■■-

･ト･J

U

①

宮司

∽

∽

O

L

:事E

10-1T

10-1l
】00

I0~1l

匡】

譲今
℡⑳

① Hub8r et (】((1980)
⑳ CrQndcIJ et (】l(1g80)

回 目uber･ (1981)
画 Huber (】nd K8hler･t (1982)

101 102 10) 101 105 108 10T

Project;le Energy (eV/c)mu)

Fig.80 Ar3'+H2- Ar+

①画醇廟

① Hubcr et cf (1980)

画 Hub8r (っnd Kchlert 【1982)

108 101 10之 103 10. 105 106 10T

Project盲Ie Energy (eV/QmU)

-61-



Fig.81 Ar3'+H2- Ar2+
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F7g.83 'Ar4'+H2- Ar3'
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F亨g.85 Ar8'-+ H2- Arl'
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F;g.87 'ArT'+ H2- Ar8'
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Fig.89 Ar9++H2- Ar8+
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F;g.91 .Ar18'+ H2- ArU'
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Fig.93 T盲2++H2- T7'
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Fig.95
･Fe3'+

H2- Fe2'
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Fig.97 Fe5'+H2- Fe4'
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F盲g･99 'Fe''+H2- Fe6'
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Fig.101 Fe9'+H2- Fe8'
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F7g.103 ･Fe‖'+ H2- FelO+
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Fig.10'5 Fe･12'+トl2･･ FeH'
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F;g.107 Fetl'+ H2- Fe12'
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F;g.109 FelS'+H:～ Fel.'
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F7g.111 F.e18++H2- Fe15'

① Berkner

EE) Berkn8｢
8t (】l (19丁8)

et QI (1981)
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F首g.113 Fe18'+H2- FelT'

① Berkner et c[f H978)

回 Berkner et (コⅠ(1981)
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F7g.115 Fe20'+H2- Fe柑+

① Berkner･ et (】l(TgT7)
a) Ber･kner et QJ (19T8)

固 Berkn8r et OI (1g81)
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F7g,117 Fe2l++H2- Fe20'

① Berkn8r et CI (19Tア)

回 Berkner et (】](1981)

■■l■ヽ

Sヨ

∈
U

ヽ■...■■

⊂

○

■+

_トJ

U
q)

害音

∽

∽

O

L

芦室]

I二iコ

コT

【;
U

■=
J

⊂

0

●
･■･l■■

･I･･｣

U

¢

匡i]

∽

く乃

O

L

U

100 10I IO2 103 101 10S IO8 107

ProjectHe Energy (eV/omu)

Fig.118 Fe22'+ H2- Fe20'

回 B匂rkner 8t Ql (1981)

100 101 102 103 101 105 106 107

ProJ'ectHe Energy (eV/cmu)

-80-



Fig.119 Fe22++H2- Fe2l+

① 8erkner et (】((19T7)

a) 8erkner et QI (19T8)
固 Berkner et (】I (1981)
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F盲g.121 Fe24'+H2- Fe23+

① Berkn8r et (】I(19TT)

国 Berkner et QI (1981)
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Fig.123 Zn2'+Hl- Zn'
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Fig.125 Br4'+H2- Br3'
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Fig.727 日r8◆+Hl･ Br4'

令 Betz et 81 (1gTl)
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Fig.129 BrT'+H2- Br5'

令 Betz 8t Cl (1971)
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Fig.131 B,r･8◆+ H2- Br8+

令 8etz et cl (1971)
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F亨g･133 Brg'+H2- Br8+

① Dotz et (】l (19TO)
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F育g.135 Br･)･t'+ H2- BrlO'
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Fig.137 Kr字◆+H2･ Kr'
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F7g.139 K卜3'+H2-Kr2'
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Fig.147 Kr.'+H2-Kr3'
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Fig.143 K卜声++H2･Kr4'
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Fig.145 Kr8◆十H2- Kr5'
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F;g.147 KrT'+H2- Kr6+
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Fig.14g Mo4'+H2- Mo3'
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Fig･1･51 Mo8'+H2- Mo5'

① Meyer et cl (1979)
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F7g.153 Mo8'+H2- MoT'

① Meyer et ct (1979)
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F7g.155 MoTO'+H2- Mo9+

① Mey8｢8t qI (19T9)
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Fig.157 Mo12'+H2- Mo‖'

◎ Meycr et cI (1979)
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F;g.159 Mo14'+H2- Mou'

◎ M8y8r et Cl (19T9)
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F7g.1引 Mo18'+Hl- Mo15'

◎ Meyer et cI H979)
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F‡g.163 Mo]8'+H21- MoIT'

① Mey匂r et CI (1979)
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Fig.169' 1ヰ◆+H2- l2'
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Fig1773 16'+H2- !4'
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100
fO-]8

10-柑

■-I

ココ

∈
U

ヽ■.■■

⊂

○

●+

.I･･･J

U

①

害i]

∽

∽

O

J

U

r~~二▼

～

E
O

⊂▼:コ

⊂

0

==

⊥
.l･J

U

①

Uつ

∽

∽

(⊃

L

:事琶

lot lO2 JIO3 104 105 106 10T

Pro.]'ecti[母 Energy (eV/cfmU)

F7g.174 f8++H･i- f5+

102 103 101 105 108 10T

Projectife Energy (eV/omu)

-- 108-

100



Fig.175 J''+H2- I5'
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Fig.177 I8'+H2･･ l6'
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Fig.179 ‡9'+H2- lT'
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Fig･181 lm'+H:- l8'
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Fig-183 'lll++H2- l伽
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Fig.185 (t3'+H2- f12'
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Fig.1L87 ff5++H2- l14+
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Fig.201 Xe12++ H2- Xe"+
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Fig.2105 Csl'+ H2- Cs2'
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Fig.207 Cs5++H2-Cs3'
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Fig･209 Bc12'+H2- BQ'
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Fig.211 Tロ4++H2- TQ3'
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F7g.215 Tc8++H2- TQT+
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F言g1219 T□12'+H2一 丁QH'
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Fトg.221 TQ14'+ H2- Tq13'
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F7g.223 TQ16'+ H2･ TQ15'
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Fig.225 Tc18++ H2･ Tロ1Tや

① Mey8｢匂t ql (1979)
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F育g.227 W4++H2- W3'
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Fig.229 W8++H2- WS'
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Fig.231 W8'+H2･ WT'
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F亨g.233 WtO'+H2- W如
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Fig.235 W12'+H2- W11'
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F7g.237 W14'+H2- WT3'
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F盲g.239 AuS++H2- Au4'
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Fig･241 AuT'+H2- Au6'
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F;g.243 Au9'+H2- Au8'

◎ Meyer et cl (1979)
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F7g-245 AulI'+H2- Au仙

① Meyer 8t Cl (1979)

10~18

r

r‥
~｢■

～

∈
U

-･二___=●

⊂

○

==

_l.J

U

Q)

Uつ

u)

∽

O

L

U

■=J~~｢ー

コさ

∈
U

ヽ■■■

⊂

0

●+

-lJ

U

q)

∽

∽

∽

O

L

U

100

10~18

101 102 103 104 105 108 10T

ProjectHe Energy (eV/omu)

F亨g.246 Au72'+H2- Au17'

① Meyer et cl (19T9)

70) 102 1O3 701 105 108 70T

Project;Ie Energy (eV/cfmu)

- 144_

100



F盲g･2ヰ7 Au13'+ト12-. Au12'
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Fig.249
fAu15'+

H2- Au14'

◎ Mey8｢8t ql (1T979)
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Fig.25】 Pb2'+H2-Pb+
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F}ig･.2L55 Pb4･'+ H2 - Pb3'
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F

'ニー▲.=

こ亡]

t≡
U

ヽ■一′

⊂

0

コ=

_トJ

O
(D

∽

∽

∽

O

L

U

■■■ヽ

rt

∈
U

㌔_=ナ

i=

○
●■■■一

■･･｣

U

¢

∽

∽

く乃

O

L

U

I0-18

国運

回 Schrey 8nd Huber (1981)

】01 102 103 101 105

ProjectHe Energy (eV/c)mu)

Fig.258 Pb6'+H2- Pb4'

108 10T100

回
uCLchrey cnd

Huber (1981)

101 102 103 70. 105

Projectile Energ,y (eV/QmU)

- 1:50_

100
10-18

106 iOl



F7g.259 Pb6'+ H2･ Pb5+
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F7g.261 Pb''+H2-Pb6'
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Fig.263 Bi3'+H2-B盲+
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Fig.265 B74'+H2-B亨2'
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Fig.267 B75++H2･B73'

団 Schr8y 8nd Huber (1981)
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Fig.269 日i6'+H之-Bi4'
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Fig･27.I B77++H2- BT5'
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F育g.AI Li++H2- L72'

a) P7vovor et Q[ (1971)

① Shch 8t 81 (1978)
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Fig･A3 B'+H2-B2'

① Goffe et cf (1979)
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Fig.A5. C'+H2- C2'
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Fig.A7 C3++H2- C4'

① Goffe et Q( (19T9)
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Fig.A9｡ N4'+H2- N5'
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F盲g.All Si3'+H2- S‡4'
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F言g･A13･ C!2'+H･L- Cl3'
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F盲g.A15 K'+H2- K2'
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Fig.A17･ Fe4'+ H!- Fe5'
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Fig.A19 Fe4'+ H2- FeT'

囲 Alton et cl (1981)
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F言g･A2卜 FeT2'+ H2- Fe73'

固 Berkner et Ql (1981)
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F育g.A23 Fe74'+ H2- Fe16'
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F7g･A25･ Fe16'+ H2- Fe似
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F盲g.A2T Fe2O++ H2- Fe2t'
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Fig.A29･ Fe21'+ H2- Fe23'

固 Berkner et o[ (1981)
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Fig.A31 Fe22'+ H2- Fe24+

固 B8rkner et oI (1981)
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Fig.A∃SE Fe2ヰ++ H2-
･Fe25'

◎ 8erkner et ot 【19T7)

固 Berkn6r et 8I 【1981)
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Fig,A35 Br3'+H2- Br4'
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F亨g-A37 Br4'+H2- Br6'

令 Betz et ol (1971)
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Fig,A39 Br4++H2- Br8'

令 Betz ot (】[(7971)
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Fig.A41 Br5++H2- Br''

* Betz et Ql (1971)
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F;g.A43 Br6'+H2- Br8'

101 102 103 101 10S IO8 10T

Project7le Energy (eV/omu)

Fig.A44 Br''+H2- Br8'

100

0 Dcrtz et c) (1970)

令 Betz et ロー(1971)

TO7 !o2 103 101 105 106 10T

ProjectHe Energy (eV/QmU)

-180-

ーー ー｢■

こiこ

∈
U

ヽll■l■■

⊂

○
●+

･･l･･･J

U
C)

E言

∽

く乃

O

L

Egg

10~79

I0-T9

100



Fig.A45 BrT'+H2- Br9'
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F盲g.A47 Br8'･+H2- BrH'

令 8etz et o[ H971)
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F7glA49 BrlO'+ H2- Brll+
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FigtA51 J2'+H2- J3'

① Betz et cf (1972)
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Fig.A5予l2'+H2･ I5'

◎ Betz et ql (1972)
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F盲gtA55 13'+H2- Ⅰ5'
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Fig.A57 ll'+H2- fS'

① Betz et 81 (19T2)
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FLIg･A59 ll++H2- t''
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FiglA6.1 15'+H2- (''

① W7ttkower et cJ (1gTT】
⑳ 8etz 8t 8J (1g72)
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Fig.A63 18'+H2- l''

① Betz et 【lI (1972)
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Fig･A6.5 18'+H2- l9'

① 88tZ et OJ (1972)
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Fig.A67 f''+H2- I9'
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Fig.A69 f8'+H2- l70'

◎ Betz et (】l(1gT2)
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Fig.A71 19'+H2- IH'
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