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Abstract
Up-dated are experimental data on the cross sections for electron-capture and
-loss collisions between heavy ions (Z 2 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 1 heavy ions and
hydrogen molecules”
by Y. Kaneko, Y. Itikawa, T. Iwai, T. Kato, Y. Nakai, K. Okuno and H. Tawara (IPPJ-
AM-20, 1981).
New data surveyed through 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 and of
cm? /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 I1.
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I. LIST OF PROCESSES SHOWN IN FIGURES

(1) Charge Transfer
Fig. No. Processes References
1. Li* + H, - Li 10, 20
2. L* + H, - L 3,10, 20, 38
3 Li* + H, - L% 10, 20, 38
4 B + H, - Be 57
s B* + H, - Bé 57
6. B + H, - B 57
7. B + H, - B 29
8. B* + H, - B 24, 28, 29, 30
9, B* + wH, - B 30
10. B¥* + H, - B 24, 29, 30
11. B + H, - B?¥ 30
12. B** + H, - B 24, 29, 30
13. B> + H, - B* 24, 29
14. c’ + H, - C 21, 26, 29, 35, 46
15. c* + H, - < 19, 21, 29, 30
16. c* + H, - c* 18,21, 24, 29, 52, 57
17. c* + H, - ¥ 18
18. c* + H, - ¥ 18, 21, 24, 29, 30, 52, 57, 59, 61
19. c* + H, - c* 24,29, 52, 61
20. c®* + H, - ¥ 29, 47, 52, 59, 61
21. N* + Hy - N 21, 26, 35, 46
22. N*  + H, - N 21, 30, 59
23. N + H, - N¥ 18, 21, 24, 58
24. N+ H, - N* 18,21, 24
25. N + H, - N¥ 18
26. N+ + H, - N* 18, 21, 24, 61
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Fig. No. Processes References

55. Mgt + H, - Mg 45
56. Mg** +  H, > Mg* 45

57. Mg* + H, -» Mg% 45

58. Mg™ o+ H, - Mg" 45

59. Mg+ H, - Mg 45

_ 60. Al¥*  +  H, - A" 45

61. a* o+ H, - Aa® 45

62. A* + H, - A’ 45

63. Al +  H, - A* 45

64. Al + H, - A* 45

65. A + H, - a* 45

66. si* + H, - sit 22

67. si* + H, - si? 22

68. si** +  H, - si* 22

69. Si*  +  H, - &i*f 22

70. si  +  H, - s 22

71. si™ + " Hy - si® 22

7. si** + Hy - & 22

73, si* + H, - s 22

74. si'™ +  H, - §® 22

75. a* + H, - a¥ 7

76. a* + H, - a* 7

77. K" + H, -» K 14

78. At +  Hy -  Ar 1,2,5

79. ar¥ o+ Hy, > A 31,32, 51,58
80. A+ Hy, -  Arf 32, 58

81. Aar* +  Hy, - A% 31, 32, 51, 58, 59
82. AarY + Hy -  AY 32,58
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Fig. No. Processes References

195. x* + H, - x* 31
196. Xe™ + H, - Xe* 31
197. X + H, > Xxe™ 31
198, xe” + H, - X 31
199. Xe'®™ + H, - X 31
200. x" +  H, - x 31
201. Xe'* + H, - x 31
202. c®* .+ H, - s 45
203. ™ + H, - G 45
204. s+ H, -» ¥ 45
205. c** + Hy, - G 45
206. ¢ + H, - o 45
207. ™ + H, -» 45
208. e+ H, - st 45
209. Ba?* 4+ H, - Ba 28
210. T2* + H, - Ta 25
211. T2 + H, -» T2 25
212. T2* + H, - Ta 25
213. T + H, > TaF 25
214. Ta® + Hy - T 25
215. T8 + H, - Ta" 25
216. T&Y + H, - Ta% 25
217. T + H, > T 25
218. Ta''™ + H, - Ta* 25
219. T2 + H, - T 25
220. T + H, - T 25
221. T + H, - Ta 25
222. T + H, - Ta* 25
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Fig. No. ~ Processes References

251. Pb + H, - Pb 45
252. Pob>* + H, - Pb* 45
253. ¥ + H, - p? 45
254. b + H, - Pb¥ 45
255. pb** + H, - P 45
256. Pp* + H, - P 45
257. Pp>* + H, - Pb* 45
258, Po* + H, - Pb* 45
259. P + H, - P 45
260. Pb’" + H, - Pb* 45
261. P + H, - Pb% 45
262. Bi** + H, - Bi' 45
263. Bi* + H, - Bi 45
264. Bi** + H, - Bi¥ 45
265. B* + H, - Bi* 45
266. B* + H, - B 45
267. B + H, - B 45
268. Bi¥ + H, - Bi* 45
269. B* + H, - Bi* 45
270. B* + H, - B 45
271. B + H, - B 45
272. Bi’* + H, - B 45
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(2) lonization
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Fig. No. - Processes References

A56. ¥+ H, - 1° 11
AS7. 1+ H, - 1% 11
A58, 1+ H, - 1% 11
AS9. i o+ H, - 1™ 11
A60. 1  + H, - 1% 8, 11
A61. 1+ Hy, - 1" 8, 11
A62. 1 + Hy - 1% 11
A63. 1 + H, - 1™ 11
A64. 1% +  Hy, - 1% 11
A65. 1% + B, - 1% 11
AG6. ™+ H, - 1% 11
A67. 1™ o+ H, - I* 11
A68. ¥ o+ oHwH, - I 11
A69. ¥ + H, - 1™ 11
A70. 1%+ Hy - 1% 11
ATL. 1 + Hy -» 1 11
AT72. 1 4+ Hy > 1 11
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Fig.89 Ar®™ 4+ H, - Ar%
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Fig.93 Ti%* + H, - Ti*
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Fig.97 Fe™ + H, - Fe*
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Fig.99 Fe™ + H, ~ Fe®
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Fig.103 "Fe'™ + H, - Fe'™
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Fig.105 Fe'™ + H, - Fe'™
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Fig.107 Fe'™ 4 H, -~ Fe'®
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Fig.109 Fe™ + H, - Fe'®
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Fig.113 Fe™ + H, -~ Fe'®
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Fig.115 Fe® + H, - Fe'™
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Fig.117 Fe® + H, - Fe™
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Fig.119 Fe® + H, = Fe™
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Fig.121 Fe* + H, ~ Fe®™
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Fig.123 Zn* + H, - Zn*

107

1o

LR R

] o-ll

T TTTTT]

Io-!s

T T TTTT]

]0-!1

T T

UL LY LR 1 IllHIll I T LR L | LR R

® McCullough et al (1979)
corvtprol o v sveed v ool vyl

LR

oo v vrenel ol e

ool

lo-ll
10°

10 10? 10° 10* 10° 10°

Projectile Energy (eV/amu)

Fig.124 Br* + H, - Br?*

107

1o

lo-ls

LI RR ]

lo

107

T

10

LILBLILLELL] LLLALLLLY] R LR RRLLLI LR RN LBLBLILLLLL

® Datz et ol (1870)
AR IR AR AR TTIT N AR AR 1| N B W AR T

f

Lot Ll 11 1ins

LU LIt

1o
10°

10 10? 10° 10! 10° 10°

Projectile Energy (eV/amu)

— 83 —

107



Cross Section (cm?)

Cross Section (cm?)

Fig.125 Br* + H, - Br®
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Fig.127 Br™ + H, - Br*
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Fig.129 Br™ + H, - Br®
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Fig.131 Br*™ + H, - Br%™
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Fig.133 Br*™ + H, -~ Br®*
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Fig.137 Kr®* 4+ H, - Kr*
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107

Io-H

lo-ls

T T

1o

T T

107

T T

LI

LT LILBULRLLL UL UL [LELRRRLY

® Meyer et al (1979)
caond o crrrnml op vt ovverenb el

il

MR NN IR R MR RiT::

ENERI

Lo LIl

]o-l!

10

10? 10° 10* 10°

Projectile Energy (eV/amu)

Fig.212 Tao™ + H, - Ta*

10°

107

10

LB RALL

1o

] 0-!5

]0-19

10

UL RN LI EALE RIS o UETHTY R

® Meyer ot al (1979)

L reennl

et v vevenb o vernl o rnwl 3 vl

LR

MR NI B A RE I AR R Al

Ll

Lty

1o
10°

10

10? 10° 104 10°
Projectile Energy (eV/amu)

- 127 -

10°

107



Cross Section (cm?)

Cross Section (cm?)

Fig.213 To* + H, ~ To®
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Fig.215 Ta* + H, - Ta™
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Fig.239 Au™ + H, - Au*
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Fig.241  Au™ + Hy - Au®™
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Fig.243 Au®™ + H, - Au®™
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Fig.25! Pb* + H, - Pb*
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Fig.253 PBE® + H, -~ Pb®
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Fig.257 Pb™ + H, - Pb*

10"

10—14

BULBLLLRLE|

1 O-IS

T Illllll

‘O-IB

T T T

]0-11

T T T

L 1 1 O )/ B I N B R 011} B MR RN
=

@ Schrey and Huber (1981)

Ll

corrot g oy vt o vrepd o1 oea il

R A ER I R IR

11l

lo-ll

10’

10? 10° 10* 10°

Projectile Energy (eV/amu)

Fig.258 Pb™ + H, - Pb*

10°

107

‘0-13

F T T

1o

T T T

107

T TITTH]

107

T 1T

‘ 0-17

T rrim

1 flllllll UL LY LR T T 1 I|IIIIII

Schrey ond Huber (1981)
ot el oprvvvd o v el 1 g agenl

1ol

]
M

crrenl v el 3 el

IR

107
10°

1o

102 10° 104 10°
Projectile Energy (eV/amu)

"~ 150 —

10°

o’



Cross Section (cm?)

Cross Section (cm?)

Fig.259 Pb*™ + H, - Pb™
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Fig.261 Pb™ + H, - Pb™
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Fig.263 Bi* + H, - Bi*
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Fig.265 Bi* + H, - Bi®
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Fig.267 Bi*™ + H, - Bi*
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Fig.269 Bi®™ + H, -~ Bi*
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Fig.271 Bi™ + H, - Bi™
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107" L L S 1) 3 B O EELL) B R R MR
IO,-H = =
107" = E
B éﬁ%y ]
107V = é@ =
: ® §

— ®@ ]
10" <§ =
" ® Pivovar et al (1971) .

| ® Shah et al (1978} -
1071 IR NI N R A 11 R R AT 11| A U R AR 111 R A R AT 11| M W N1
10° 10! 10? 10° 10* 10° 108 107

Projectile Energy (eV/amu)
Fig.A2 Li* + H, -~ Li*

IO'HE L ) I ) O 1) 11 O I B 13 B O B MR
107" &= =
107 & =
1077 &= =
- @ —
10" |= ® =
- ® Pivovar et al (1371) E

. ® Shoh et al (1978) .

107" pvovnnb v ernd v e vl sl vl g
ok 10" 102 103 10* 108 108 107

Projectile Energy (eV/amu)

- 159 -



Cross Section (cm?)

Cross Section (cm?)

Fig.A3 B* + H, ~ B*
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Fig.AS5, C* + H, - C*
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Fig.A7 C* + H, - C*"
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Fig.A9. N* + H, - N™
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Cross Section (cm?)

Cross Section (cm?)

Fig.A13. CI% + Hy - CI%
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Fig.Al5 K* + Hp - K*
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Cross Section (cm?)

Cross Section (cm?)

Fig.A17. Fe* + H, - Fe™
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Fig.A39 Br* 4+ H, ~ Br®
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Fig.A47 Br™ + H, - Br'™

1o =T T T T T T T T T T T T T T T T T T T T 17T
B .
10-!5 - -
107" &= =
1077 &= =
10" = daa =
| % Betz et al (1971) i
1071 IR AR T R AR N R 111 N A R R 111 B AR a1 AN R a1 B AN e anIT]
10° 10" 102 10° 10¢ 10° 108 107
Projectile Energy (eV/amu)
Fig.A48 Br* + H, - Br'™
o™ =T T T T T T T T T T T T T T T T T T T T 1T
107" = =
= =
B ]
107" & =
- 3
L. ® -
- -
]0-!7 E_ ® _§
107" =
| ® Datz et al (1970) i
1071 crspod vl o rvrrnwd vt vl v o
10° 10! 102 10? 104 108 108 107

Projectile Energy (eV/amu)

- 182 -



Cross Section (cm?)

Cross Section (cm?)

Fig.A49 Br'™ + H, ~ Br'™
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