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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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57

57
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30

24, 29, 30

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

18,21,24

18

18,21,24,61



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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16,51
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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. No.

A56.

A57.

Ai8.

A59.

Ado.

●

A61.

A62.

A63.

A64.

A'65.

A66.

A67.

A68.

A69.

A70.

A71.

A72.

･

Processes

I3+ -十 H2

Ⅰ4+ 十 H2

Ⅰ4+ + H2

Ⅰ4+ 十 H2

Ⅰ5+ 十 H2

Ⅰ5+ 十 H2

Ⅰ5+ 十 H2

I6+ + f!2

I6+ + H2

Ⅰ6+ + 日2

Ⅰ7+ 十 H2

Ⅰ7十 + E2

Ⅰ8+ + H2

18+ + H2

I9+ + H2

I9+ + H2

Ilo+ 十 H2

+ I6+

→ Ⅰ5十

. I6'

-> !7+

+ I6'

ヰ Ⅰ7+

→ Ⅰ8+

ヰ Ⅰ7+

+ I8'

→ Ⅰ9+

+ I8'

ヰ Ⅰ9+

ヰ Ⅰ9+

→ I10+

+ I10+A

→ Ill+

→ Ill+

-14-

References

王1

ll

ll

ll

8,ll

8,ll

ll

ll

ll

ll

ll

ll

ll

ll

ll

ll

ll



I. REFERENCES FOR FIGURES

1. F.J. de He･er, W. Huizenga and I. Kistemaker, Physica 23, 181 (1957)

Some experiments on electron capture, electron loss and ionization.

2. Th. J.M. Sluyters, E. de Haas and I. Ki5temaker, Physica 25, 1376 (1959)

Charge exchange, Ionization and electron loss cross sections in the energy

ral噂e 5 to 24 keV.

3. S.K. Allison, J. Cuevas and M. Garcia-Munoz, Phys. Rev. 120, 1266 (r960)

Experim3ntS On Charge-changing collisions of lithium and atomic beams.

4. T. Jorgenson, C.E. Kuyatt, Jr., W.W. Lang, D.C. Lorents and C.A. Sautter,

Phys. Rev. 140, A1481 (1965)

Measurements on charge-changlng COllisions involving negative hydrogen,

helium and oxygen ions.

5. A.追. Wittkower and H.a. Gilbody, Proc. Pbys. Soc. 90, 353 (1967)

A study of the charge neutralization of fast Nee, Ar'and Kr'iorlS during

passage through gaseous targets.

6. S. Datz, H.0. Lutz, L.B. Bridwell, C.D. Moak, II.D. Betz and L.D. Ellsworth

Phys. Rev. A 2, 430 (1970)

Electron capture and loss cross sections of fast bromine ions in gases.

7. G. Ryding, H.D. Betz and A. Wittkower, Phys. Rev.Lett. 24, 123 (1970)

Influence on ionic excitation in heavy-Ion Charge-changing Cross Sections.

8. A.B.Wittkowerand H.D. B･,.tz,J.Phys. B4, li73 (1971)

Charge血anging cross-sections fわr heavy ions in complex molecules: the

failurf:Of an additive rule.

9. H.D. Betz,G. Ryding andA.B. Wittkower, Phys. Rev. A3, 197 (1971)

Cross sections for electron capture and loss by fast bromine and iodine

ions traversing light gases.

10. L.I. Pivovar, Y.Z. Levchenko, G.A. Krivonosov, Soy. Phys.
-JETP

(Ellgl.Transl.)

32, ll (1971)

Ionizing collisions and charge exchange for Li+) Li2+ and Li3+
･

10nS ln

gasses (0.2 - 2 MeV).

ll. H.D. Betz and A.B. Wittkower, Phys. Rev. A6, 1485 (1972)

Cbarge-changing cross sections or 5-25 Mev iodine ions in hydrogen and

OXygen.

-15-



12. T. Tonuma, Y. Kohno, I. Miyazawa, F. Yoshida, T. Karasawa, T. Takahashi and

S. Konno, I. Phys. Soc. Sap. 34, 148 (1973)

Charge changlng Of energetic heavy lOnS in gases.

13. G.J. Lockwood,Phys. Rev.A9, 1916(1974)

Total cross sections for charge transfer for F+ in H2, N2, He, Ne and Ar.

14. I. AIvarez,C. Cisneros, C.F. Barnett and J.A. Ray, Phys. Rev. A 13, 1728 (1976)

Electron capture and stripping Cross Sections for Tl and K ions and atoms

inH2.

15. ど.Hopkins,A. LittleandN. Cue,Phys. Rev. A 14, 1634(1976)

Innershell Coulomb excitation in the collisions of few electron F with

H2 and He.

16. H.Winter,E. Bloemen and F.J. deHeer, J. Phys. B 10, L453 (1977)

Electron capture into excited projectile states in collisions of loo keV

Ne'(z= I,2,3,4) with He, H壬and Ar.

17. K.H. Berkner, W.G. Graham, R.V. Pyle, A.S. Schlichter and J.W. Stearns,

Pbys. Lett. 62A, 407 (1977)

Single electron capture and loss cross sections fb∫ highly stripped Fe ions

in hydrogen at 3.4 Mev/NtlCleon.

18. D.H. Crandall, M.L. Mallory and D.C. Kocher, Phys. Rev. A 15, 61 (1977)

Charge exchange between multicharged ions ofC, N and 0 and molecular

hydrogen.

19. W.L. Nutt, R.W. McCulloughandH.B.Gilbody,I. Phys. B ll, L181 (1978)

Electron capture by C2+ュnd Ti2十･10nS in H and H2.

20. M.B. Shah,T.V. Goffe andH.B.Gilbody,J. Phys. B ll, L233 (1978)

Electron capture and loss by fast lithium ions in H and H2.

21. 良.A. Phaneur, 早.w. Meyerand 氏.H. Mcknight, Pbys. Rev. A 17, 534 (1978)

Single electron capture by multiply charged ions of carbon, nitrogen and

oxygen in atomic and molecular hydrogen.

22. K.J. Kin, R.A. Phaneuf, F.W. Meyer and P.H. Stetson, Phys. Rev. A 17, 854

(1978)

single electron capture by multiply charged
28si

ions in atomic and

molecular hydrogen.

23. K.H. Berkner, W.G. Graham, R.V. Pyle, A.S. Schlachter, J.W. Stearns and

R.E. OIson,J. Phys. ll ll, 875 (1978)

-16-



Eleotron capture and impact-ionization cross sections fわrpartially stripped

iron ions colliding with atomic and molecular hydrogen.

24. D.tT..Crandall, R.A. Phaneufand F.W. Meyer, Phys. Rev. A 19, 504 (1979)

Electron capture by slow multicbarged ions in atomic and molecular

hydrog〇n.

25. F.W. MeyJr, R.A. Phaneuf, H.J. Kim, P. Hvelplund and P.H. Stelson,

Pbys. Rev. A 19, 515 (1979)

Single<lectron-capture cross sections for multiply charged 0, Fe, Mo, Ta,

W and Au ions incident on H and H2 at intermediate velocities.

26. W.L. Nutt, 氏.W. McCullougb and 班.a. Gilbody, ∫.Phys. B 12, L157 (1979)

Electron capture by O･l-13 keV C+, N+ and 0+ ions in H and H2.

27. W.L. Nutt, R.W. McCullough and H.B. Gilbody, Abstract ofXI-ICPEAC, p. 590

(1979)

One electron capture by low energy doubly charged ions in H and H2.

28. R.W. McCullough,W.L. Nutt and H.B. Gilbody, ∫.Pbys. B 12, 4159 (1979)

One electron capture by slow doubly charged ions in H and H2.

29. T.V. Goffe,M.B. Shahand H.B. Gilbody,J. Phys. B 12, 376ご(1979)

One electron capture and loss by fast multiply charged bc'ron and carbon

ionsin H and H2.

30. L.D. Gardner, J.E. Bay field, P.M. Koch, I.A. Sellin, D.J. Pegg, S. Peterson,

M.L. Mallory and D.H. Crandall, Phys. Rev. A 20, 766 (1979)

Electron-capture collision at keV energies Of boron and other multiply

charged ions with atoms and molecules. Ⅰ,Ar, H2 and He.

3l. D.H. Crandall, R.A. PhaneufandW. Meyer, Phys. Rev. A 22, 379 (1980)

Electron capture by heavy multicharged ions from atomic hydrogen at

low velocities.

32. B.A. Huberand H.J. Kahlert,J. Phys. B 13, L159 (1980)

ElecfJOn transfer from molecular hydrogen to multiply charged Ar and Kr

lOnS.

33. Th.M. t',1-Sherbini, A. Salop, E. Bloemen and F.J. de Heer, J. Phys. B 13, 1433

(1980)

Excitation ai･1d ionization resulting from electron capture in Ar6+十=2

collisions at ion projectileenergies Of 200-1 200 keV.

34. B. Franzke,GSI Report 80-3 p. 225 (1980)

Charge change cross sections for 1.4 MeV/u Uranium in H2 and N壬.

-17-



35. G.J. Lockwood, G.H. Miller and I.M. Hoffmann, Phys. Rev. A 18, 935 (1978)

charge transfer ofC+, N+ and 0+ in N生and H2･

36. T.F. Moranand丑.P. Mathur,Ph)s. Rev. All, 1051 (1980)

charge transfer reactions of C+
,
N+ and 0+ ions with Ht and N2 ･

37. S. Bliman, J. Aubert, R. Geller, B. Jacquot and D. van Houtte,Phys. Rev. A 23,

1703 (198り

Electron capture collisions at keV energleS Of multiply charged ions of

carbon and argon with molecular deuterium.
′

38. Ⅰ.Wirkner-Bott, W. Seim, A. Muller, P. Kester
add

E. Sal之born, I. Phys. B 14,

3987 (1981)

Electron capture by Li3+ and Li2+ ions in H2 and He･

39. A.S. Schlachter, K.H. Berkner, W.G. Graham, R.V. Pyle, J.W. Stearn and J.A.

Tanis, Phys. Rev. A 24, l110(1981)

Co11isions of fast, highly stripped carbon, niobium and lead ionswith

molecular hydrogen.

40. K.H. Berkner, W.G. Graham, R.V. Pyle, A.S. Schlachter and J.W. Steams, Phys.

Rev. A23, 2891 (1981) ､

Electron capture, electron loss and impact ionization cross sections for

lO3- to 3400- keV/amu multicharged iron ions colliding with molecular

bydrogen.

4l. A.S. Schlachter, IEEENS-28, 1039(1981)I

Collisions of highly stripped ions at MeV energiesin gas targets: charge

transfer and ionization.

42. P. Hvelplund, H.K. Haugen, H. Knudse･n, L. Andersen, H. Damsgaard and F.

Fukusawa, Phys. Scri. 24, 40 (1981)

Electron capture into high-lying Rydberg states in collisions between

multiply charged ions and H2.

43. R.A. Phaneuf, lEEENS･28, 1182(1981)

Production of high-Q ions by laser bombardment method.

44. G.D. Alton, L.B. Bridwell, M. Lucas, C.D. Moak, P.D. Miller, C.M. Jones, Q.C.

Kessei, A.A. Antar and M.D. Brown, Phys. Rev. A 23, 1073 (1981)

Singleand multiple electron loss cross section measurements from 20 MeV

Fe小on thin gaseous targets.

45･ H. Schreyand a.A. Huber,J･Phys･ a 14, 3197(1981)

Electron capture by slow multiply charged Mg, Al, Cs, Pb and Bi ions

-18-



from He, Ne, Kr and H2.

46. J.M. Hoffman, G.H. Miller and G.L. Lockwood, Phys. Rev. A 25, 1930 (1982)

charge transfer of ground state C+, N+, and 0+ in N2 and H2.

47. V.V. Afrosimov, A.A. Basalaev, E.D. Donets, K.0. Lozhkin and M.N. Panov,

Sov. Pbys. JETP Letters 34, 171 (1981)

Processes involving the capture of an electron by the nuclei of atoms near

helium atoms and hydrogen molecules at low
energies.

48. A.A. Afrosimov, A.A. Basalaev, Yu.S. Gordeev, E.D. Donets, A.N. Zinov'ev,

S.Yu. Ovchinnikov and M.N. Panov, Soy. Phys.
-JETPLetters

34, 316

(1981)

X radiation accompanying electron capture by oxygen and carbon nuclei

in molecular hydrogen.

49. R.W. McCullough, M.B. Shah, M.Lennonand H.B. Gilbody, J.Phys. B 15, 791

(柑82)

Electron loss by fastLi- ions.

50. W.J. Lichtenberg, K. Bethge and H. Schmidt-Docking, J. Phys. B 13, 343 (1980)

Electron-loss cross sections for negative ions at high energleS.

51. B.A.Huber,Z.Phys.A299,307 (1981)

Elect.orl Capture by slow multiply charged Ar and Ne ions from atomic

bydrogen.

52. R.A. Phaneuf,i. AIvarez, ど.W. Meyer and D.H. Crandall, Phys. Rev. A 26, 1892

(1982)

Electron capture in low-energy collisions of Cq+ and Oq+ with H and H2･

53. H. Knudsen, H.K. Haugen and P. Hvelplund, Phys. Rev. A 24, 2287 (1982)

Single electron capture by highly charged ions colliding with atomic and

molecular hydrogen.

54. P. Hvelplund and A. Andersen, Phys. Scri. 26, 370 (1982)

Electron loss by fast He', H, He, H-and He- projectiles
in collisions with

atomic and molecular hydrogen.

55. P. Hvelplund and A. Andersen, P血ys. Scri. 26, 375 (1982)

Electron capture by fast H+, He+ and He++ ions in collisions with atomic

and molecular hydrogen.

56. S. Takagi, S. Ohtani,監. Kadota and J. Fujita, IPPJ-564 (Nagoya Univ., Nagoya,

1982)

Collision experiment on highly ionized ions using vacuum spark source.

-19-



57. S. Takagi, S. Ohtani, K. Kadota and I. Fujita,IPPJ-565 (Nagoya Univ., Nagoya,

1982)

Cross secti()ns for one･electron capture by highly stripped ions of Be, B

and C from H2 and Ar below 10 key.

58. B.A. Huber and H.I. Kal1lert, SFB 82-05-104 (1982)

Totalcross sections for electron capture by multiply charged ions in H,

H2 and He.

59. V.V. Afrosimov, A.A. Basalaev, E.D. Donets and N.N. Panov, JETPLetters 31,

600 (1980)

Electron capture by multiply charged ions and nuclei of hydrogen mole･

cule atoms.

60. R.A.Phaneuf,Phys.Rev.A (1983)

Electron capture by slow Feq+ ions from hydrogen atoms and molecules.

6l. M.N. Panov, A.A. Basalaevand K.0. Lozhkin, Phys･ Scri. T 3, 124 (1983)

Interaction of fully stripped, hydrogenlike and heliumlike C, N, 0, Ne and

Ar ions with H and He atoms and H2 molecules.

-20-



ⅠⅠⅠ.FIGURES

-CROSS
SECTIONSFOR H2 + Xq+ → H2 + X(q-n)+

-21-



F7g.I L‡+十日2- L7

I0-t9

ーニ~｢i

tヽl

∈

U
ヽ-

⊂

0
■~こ_

■ト｣

U

q)

∽

∽

∽

O

L

U

ーー~~一~~_

～

∈
U

[!■■コ

⊂

0
■∵

.トJ

U

C)

Zi

∽

∽

⊂〉

L

U

107 102 103 101 10S

Project;[e Energy (eV/'c)mu)

F盲g.2 Li'2+H2- L7'

108 107100

♂ ｡甲鞄

三T-=LtJv

3+i9+9

A

倉
4E)
A

盆
⑳

10-ll

10-18

10~79

◎ Aff盲son clt Ql (196O)
⑳ FivovQr Bt Qf (1971)
A Shch et Qf H9T8)

固 削rknclr-Bott et (】l(1981)

100 101 1O2 103 101 105

Project7le Energy (eV/Qrnu)

- 22:-･-

108 川丁



F言g.3 い3'+H2･ Li2'

I0-18

■■ヽ

:亡｣

∈
U

-■

⊂

0
■==

●IJ

U
C)

空言

∽

∽

O

L

3q

J~■:一

[～1

∈
U

ヽ■-

⊂

0
■

●トJ

U

q)

2言

∽

0)

O

L

EgE

TOO

TO-柑

707 702 103 701 705 108 70T

Project7Ie Energy (eV/c)mu)

F7g.4 Be2'+H2･Be'

塾厨

包 丁8kc9言 8t Q[ (1982)

100 101 102 103 fOl 105 108 10T

Project7le Energy (eV/omu)

-23-



F盲g.5 Be3'+H2-Be2'

回国回

回 Tok8gi et cJ H982)

lot川○
10~19

10-19

102 103 101 10S

Projectile Energy (eV/□mu)

Fig.6 Be4'+H2-Be3'

r= J

ココ

∈
U

-

_-一一

-⊂

(⊃

==

一トJ

O
C)

Z言

∽

の

O

L

芦■∃

■■ー

:二己｣

∈
U

ヽ-

⊂

0

■+

.J-

O

C)

∽

∽

∽

O

L

:事官

108 川丁

回国団密

回 Tckqg盲 et cI (1982)

100 10l 102 103 101 10S

Project亨fe Energy (eV/cmu)

-24-

10B tot



Fig.ア

① Goffe 8t く】暮(19Tg】

■■■ヽ

:iこ

∈

U
ヽlllll■l

⊂

0
●-

.lJ
U
q)

u?

∽

u)

O
L

L>

J~T二i

こ一こ

∈
U

i=!■てコ

⊂

0
==

_トJ

U

¢

Zi∃

∽

∽

O

L

声E

10~け

70-1l

◎

. ①

①

①

①

101 102 103 104 105 108 10T

ProJlect7(e Energy (eV/cmu)

Fig.8 B2'+H2･B'

108

盟-~i卓畏

Goffe 8t a( (19T9)

Gcrrdn8r et CI (79T9)

C-cndcll et cll (19T9)

McCuHough et 81 (1979)

10-19

①①①

①

①

①

①

◎

100 Tor lO2 103 101 105 108 10T

ProjectHe Energy (eV/cJmU)

-25-



F亨g･9 B3'+H2 - B†

① Gc[rdn8r et Ol (19T9)

10~19

=i■_...コ

Eiヨ

∈
U

ヽ■一●

⊂

○

■
■■■■-

■トJ

O
C)

∽

∽

∽

O

J

U

pJ-=一∵i

:亡｣

∈
U

し=~

⊂

⊂〉

●-

■-∫

U

q)

空言

∽

○)

く⊃

｣

U

①

①①①

●701 10之 103 701 105

ProJ'ectite Energy (eV/8mU)

F盲g.10 B3'+H2-B2'

108 10T100

@&@%AA

①①◎

(∋

◎

⑳

◎

∈)

◎

0 Goffe et (】I(19T9.)
⑳ CrQndoI) et cFl f1979)
且 Gcrdner et ol (1979)

川l 102 103 101 10S

Projectile Energy (eV/cmu)

-26-

106 107

10~け

I0-19
100



F首gtll B4:+H2- B2'

① Gcr･dner et Ql (19T9)

r==

コ亡

∈

U
-㌔__二~

⊂

0
●-

.トJ

U

C)

∽

く乃

∽

O

L

U

亡==

コ■

∈
U

こ丁■=コ

⊂

0
｢ ‥~~コ

■トJ

U

C)

∽

(乃

∽

⊂)

二l■

U

10-18

10-]T

I0~tl
100

10111

I0-t9

10f 102 10) 101 105

ProjecいIe Energy (eV/qmu)

Fig･12 B4'+‡12- B3'

曾感 ◎①◎

伝)

◎

①

①

①
①

108 10T

O Goffe Qt (】( (19T9)
愈 Crcrndol[ et cl (19T9)
A Gcrdn8r 8t ロ[ H979)

100 10] 10Z IO3 101 10!

ProJ-ectife Energy (eV/8mU)

-27-

108 10T



Fig･13 B5'+H2- B小

◎ Goffe et oI (19T9)
a) Cr(】ndo)1 9t QI (1979)

10~1I

■■l■■ヽ

rn

∈

U
■=

J

⊂

O
J-

■J

U

¢

琶司

∽

∽

O

L

U

P
1

:こ｣

∈

1'J
■二___=~

⊂

0

=
: =ニー｢

■トJ

U

C)

∽

∽

∽

O

L

U

①①

(∋

◎

①

①

100

I0-19

101 102 103 101 10$ 108 10T

ProJ'ectile Energy (eV/omu)

Fig.14 C'+ H2→ C

100 101
-

10Z IO3 10. 105 10さ 10T

Project;fe Energy (e'V/cmu)

-28-



F'7g.15 C.2'+H2- C'

1O-18

■■-1ヽ

コ]

∈

0
ヽ■■一

⊂

0
■-

■トJ

U
q〉

∽

∽

∽

O
L

U

■■■ヽ

∈iヨ

E

O
~二__｣

⊂

0
コ⊂二=コ

■l■J

U

C)

∽

の

u)

0

｣

U

101 102 103 101 105 108 10T

ProjecいIe Energy (eV/cml｣)

Fig.16 C3'+H2- C2'

100

三三三≒三三

三三=頭声卓卓㌔@%

A

A

①
@

令
A

匡l

回

10-1l

CrcndQLI et (】l (197T)

PhcFneUf et (】‡(1978)

Crcndc(I et c[ (1g79)

Goffe et o[ (19T9)

PhロneUf et cll (1982)

TQk8g言 et cl 【1982)

101 102 103 101 10.S

Project7le Energy (eV/QmU)

-29-

100 106 10T



Fig.17 C4+=十H2- C2'

① CrcndolI Qt く】I(1977)

708
10-I8

1 0-Tl

7O1 102 103 101 105

Projectile Energy (eV/8mu)

F7g.18' Cl'+H2- C3'

100 10丁

ーー~

~
-

～

∈
U

ヽ-∫

⊂

0
■+

ヰJ

O
(D

空言

∽

∽

O

L

こ事ぢ

′■■■■ヽ

fq

-≡
U

:コ亡=J

⊂

○

●+

+メ

U
C)

Uつ

∽

∽

O

L

芦E

①
◎

令

令
A

団

匡l

回

国

匝国厨国頭

回国鞄囲趣-噸鞄

団

CrcndcII et cl (1977J

Phoncuf et 8I 【1978)
Goffe et c[ (19T9)

GQrdner et Ql (197g)
CrondcII 8t C[ (1979)

Afro$lmo･/ et cl 【1980)

吉E5no望エfe…lCエf'(I?…芸2,

Pcnov 8t (】J(1983)

◎⑳⑳

@

く軸
@@

@
⑳

701 702 703 701 】oS

Project7･fe Energy (eV/clmU)

-30-

一oo 100 10丁



F言g.19 CS'+H2- C4'
●

◎
◎

匡l

回

70-TJ

ー~

~~｢一

こ亡｣

∈

U
ヽ■_■■

⊂

0
■-

141J

U

¢

Zi

∽

く乃

O

L

回室∃

ー~~-I

ここ｣

∈
U

-.
J

⊂

0
■⊥

一IJ

U
C)

∽

(〟

0)

O

L

U

囚随由司
三三三三三三==こ 今今-i

◎

◎

◎

◎

◎

Crく】ndc[l Qt C(f (1979)

Goffe さt OJ (1979)

Phcneuf et oI (1982)
Pcnov et cll (1983)

100

10~.6

I0-1l

101 102 103 101 105 106 10T

ProjectHe Energy (eV/c)mu)

F7g.20 C8◆+H2- C5'

享三至三-i=寧壷

①
①

①

①

伝)

団

回

国

匡I

Goffe et cl (7979

Afro$lmov et 【】l
(

Afro$lmov 8t (】l (t

Ph(コneUf et cl (198

Ponov ct cl (1983)

g80)

g81)

2)

100 101 102 103 101 105 108 10T

Project7Ie Energy (eV/om･u)

-31-



Fig.21 N'+H2- N
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Fig･23 N3'+H2- N2'

100
10-1l

1011甘

I:-~ーー

こ亡｣

∈
U

こ≡::=

⊂

(⊃
■

~~
●トJ

O
C)

琶言

∽

∽

0

1■

U

′■ ､

rJ

∈
U

■■■l′

⊂

0
●=

pP

O
C)

E事二

∽

∽

0

.｣
U

確固 腐蝕轡Q

◎ Crqnd(】Il et ol (197T)
◎ Phcrneuf 8t Cl (19T8)
A Crqndc[l et c)I (1979)

画 Hub8r C[nd Kchlert (1982)

⑳G)
a)

令

◎
G)

◎

102
,

lO3 101 105 108 70T

ProJ'ect7Ie Energy (eV/clmU)

Fig.24 Nl'+H2- N3'

血蝕観戦

)
し.JndQ(I et cf (197T)

⑳ Phく】n8uf et cl( (19T8)
A Cr(】ndく】Il母t CI (1979)

】ol 101 102 103 101 105 108 10T

ProJ-ectHe Energy (eV/cm.u)

-33-



Fig.25 N5'+H2- N3'
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Fig.29 0'+H2- 0
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Fig133 04'+ H2- 0'd'
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Fig.37 06'+H2- 05'
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Fig.49 Ne]0'+ H2- NeS'

匿I Afrosimov et oI (1980)
gil Afrosimov et oJ (1981)

団 Ponov et d[ (1983)

10~1J

ーー~~ I

ri=

∈
O

L=亡Fコ

⊂

○

■+I

･トJ

U

C)

害音

く乃

∽

(⊃

L

U

■■■■ヽ

:亡｣

∈
U

-ー=一

⊂

O
∵

｢

■J

U

C)

2i弓

∽

∽

O

L

芦司

霊国団匡固

10I IO2 103 101 10S

Projectife Energy (eV/cmu)

F盲g.50｡Nq2'+ H2- Nc'

108 10丁

@@

回 目uber clnd Kchlert (1982)

100

100
二=川=∴

10' 102 103 TO1 705

ProjectHe Energy (eV/omu)

-46-

708 fOT



F7g,51 NQ3'+ H2- Nc12'
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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
･Mg5++
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Fig.6】 A13'+H2-A‡2'
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F7g.65 Af5'+H2-AI4+

r~~-一

[コ｣

∈
U

ヽ■...■l

⊂

0
■∵

一トJ

U

C)

琶iョ

∽

∽

O

L

U

r一ー,

:i聖

∈
U

ヽ■一′

⊂

0
==

llJ

U

q〉

Uつ

∽

∽

0

｣

:事司

10"

10-t8

雷雲聖

団 Schr8y qnd Huber (1981)

101 102 103 101 105 108 10T

Project;[e Energy (eV/qmu)

Fig.66 S72'+H2- Sil'

100

冒10-TI

① K7m et crl (1978)

100 10] 10之 103 101 10; 108

Project7Ie Energy (eV/omu)

-54-

lot



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+
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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
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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)
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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'

ー~

~~--I

～

∈
U

｣コ~｢=J

(=

0

｢｢~~~

.+J

U

C)

∽

∽

∽

0

｢q

Egq

ーー~~一

=ご

∈

U

ヽ■■■■

⊂

く⊃
■+

■J

U

C)

ZE

∽

∽

0
1■

U

10-19

◎ Dctz et (】l H970)

loo

10-19

10] 102 10) 701 10$ 10B IOT

ProjectHe Energy (eV/QmU)

Fig.136 Br12'+H2- Brll'

① D(】tz 8t (】1 (19TO)

100 101 102 103 101 105 106 10T

ProJ-ectile Energy (eV/omu)

-89-



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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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'

10-18

■■1ヽ

こiコ

∈
U

ヽ■一

⊂

0
●+

■一

U

C)

Zi∃

∽

∽

O

L

U

=iiコ

Sコ

∈

U

■-｣____二一

⊂

O
t-

･ヰ_J

()

C)

【互E

∽

∽

O

L

U

100

10~18
一oo

101 102 103 101 105

ProjecいIe Energy (eV/qmu)

･F7g.182
Ilo++H2- I9'

① Betz 8t CrJ (19T2)

108 10T

山皿L l
lltHltt LLt_lLL出

107 102 103 70ヰ 105

Prbject!le Energy (eV/omu)

-u2-

108 10T



Fig-183 'lll++H2- l伽
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Fig.185 (t3'+H2- f12'
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Fig.1L87 ff5++H2- l14+

8etz 8t OI (19T2)

10']8
l

10-18

10l 102 103 101 105

Projectile Energy (eV/QmU)

Fig.188 lT8'+H2･･ IT5'

ー~~-I

[】こ

∈
U

ヽ■■■

⊂

0

■+I

.トJ

U

C)

空言

∽

∽

O
L

U

-~~-I

ココ

`≡
U

ヽ■■′

⊂

0

■_+

.l･･J

O
①

∽

(乃

の

O

L

U

ど
g
OO

◎ Betz et QI (1972)

100
u止山｣⊥｣｣山｣LLLl｣⊥⊥
TO2 103 701

･

105

ProjectHe Energy (eV/omu)

-115-

70B 10T



F7g.189 Ⅰ]T++H2- l18'
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Fig.201 Xe12++ H2- Xe"+
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F7g,2O3 Cs3'+H2-Cs'
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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)
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F盲g･2ヰ7 Au13'+ト12-. Au12'
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Fig.249
fAu15'+

H2- Au14'
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Fig.25】 Pb2'+H2-Pb+
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F}ig･.2L55 Pb4･'+ H2 - Pb3'
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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'

r~~一一

:三ち

∈
U

こ=■■!=-

⊂ 10-1S

O
●+

ヰーJ

O

C)

∽
10--a

∽

∽

O

L

U

■■■■ヽ

[亡:

∈
U

⊂コ亡=i

⊂

○
==

_トJ

U

Q)

∽

∽

∽

O

L

U

100
10-18

lG~18

垂

EE) Schrey cnd Huber (1981)

101 102 103 104 105 108 10T

Project7暮e Energy (eV/crnu)

Fig.266 B71'+H!-B73'

100 lot lO2 103 101 105

ProJ.eCtiZe Energy (eV/cmu)

-154-

108 10丁



Fig.267 B75++H2･B73'
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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'
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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】
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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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