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Abstract

Compiled are expermental data on the cross sections for
electron-capture and -loss collisions between heavy ions
(2 2 Li) and hydrogen molecules. The result is shown in

graphs as a function of the incident energy of the ions.



..N1 <ODUCT ION
1)

In a recent report, 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
mechanisms but also often employed as a standard in the
normalization of the cross section for atomic hydrogen.
Experimental data for the processes
(1) electron capture
x3t 4 Hy ~—— x(am)+
(2) electron loss

xq+ R (g+n) +

; — X
are collected for any element X heavier than helium and any
charge state g ( > 0). In most cases only one electron is
transfered (i.e., n = 1). As far as the data exist, cross
sections are shown for multi-electron transfers (n > 1).
The data are shown in graphs, where the cross section and

the incident energy of the ions are expressed in the units of

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

been surveyed through early 1980.

1) Y. Kaneko, T. Arikawa, Y. Itikawa, T. Iwai, T. Kato
K. Okuno, H. Ryufuku, H. Tawara and T. Watanabe:

IPPJ-AM-15 (1980).



I. LIST OF PROCESSES SHOWN IN,GRAPHS

Charge Transfer

Fig. No. Processes References

1. it + H, — Li 10, 20

2. Li®t 4 B, —> Li' 3, 10, 20

3. Li*f v B, — ni?* 10, 20

4, Bt & H, — B 29

5, B** + u, — B* 24, 29, 30

6. B3Y 4+ m, — B¥ 30

7. B3 4+ m, — 8% 24, 29, 30

8. B4t 4 Hy —> g2t 30

9. B + m, — B3 24, 29, 30

10. B>t 4 H, — gt 24, 29

11. ¢t 4+ H, — C 21, 27, 29

12, c* 4+ om, — ct 19, 21, 30, 29
13. oy om, — 18, 21, 29, 24
14, c** 4w, c2t 18

15. ctt 4 H2‘ — 3t 18, 21, 30, 24,
16. >t 4 m, — M 24, 29

17. ™ 4 o, — 29

18. Nt o+ H, N 21, 27

19. N2t 4 H, —> N 27, 30

20. o+ om, — N 18, 21, 24

21. o om, — W 18, 21, 24

22. >t o+ om, — Y 18

23. NI H, — Nt 18, 21, 24



Fig. No. Processes - References

-+

24, of + m, — o0 21, 27
25, o** + H, — o 4

26. o 4+ m, — o 4, 21, 30
27. o* + m, — o 18, 21, 25
28, ot 4 Hy — 0°F 18, 21
29, 0>* + B, — 0" JET:

30. o°t & Hy —> ott 18, 21, 24
31, o 4+ B, — ot 18

32, ot & Hy —» 07 18, 24
33, F*' + Hy —3 F 13

34, Pt o+ B, — O 15

35. Ne© + H, — Ne 1, 5, 16
36. Ne2+ + Hy — Ne® 16

37. Ne3t 4+ H, —> Ne 2F 16

38. M92+ + H, —> Mgt 26

39. si®* + B, —» sit 22

a0, si* 4+ m, — si?t 22

41. sitt + B, —> si°>" 22

42, sidt 4+ B, —> si'f 22

43, 816+ + H2 _— Si5+ 22

a4, si’™ + m, — sif* 22

45, si8* 4 Hy — Si'% 22

46. Sig+ + H, —> si 8* 22

47. sill++ H, —> si 10+ 22



Fig. No.
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

Cl + H

c1t 4+ &

2

10+

11+

A A A A A

Cl2+

Cl3+

Ar
Ar

Ar

Ar2+

Ar2+

Ar3+

Ar4+

Ar5+

A'r6+
Ar7+

Ar8+

Ti

it

Fe3+

Fe4+

Fe5+

Fe6+

Fe7+

Fe8+

Fe9+

FelO+

References
9
7

32, 31

32, 31

33, 32, 31

24, 31

19
19

25

25, 31

24, 25, 31
25

25

23

25

25



Fig. No.
72,
73.
74.
75.
76.
77.
78.
79.
80.
8l.
82.
83,
84.
85,
86.
87.
88.
89.
90.
91.
92,
93.
94.
95.

96.

Processes
Fe12++ H2 —_
Fe13++ H2 —_—
reldty Hy, —
Fe15++ H, —
Fe16++ H2 —_
Fe18++ H2 _—
re20Fy Hy, —
Fe21++ H, —_—
re?2ty H, —>
Fe23++ H2 —_—
re?dty B, —
Fe25++ H, o
2n?t 4 H, —
Brt 4+ VH, —>
et 4 H, —>
Brot 4 Hy, —>
Brot 4 H, —>
Brot 4 H, —>
Br't + Hy —>
Br't + H, —>
Br8+ + H2 —_
Br8+ + H2 —_—>
Brot 4 H, —>
Br0%s H, —>
Bttt w >

Fell+

Fe12+

Fel3+

Fel4+

Fe15+

17+

Fel9+

Fe20+

Fe2l+

Fe22+

Fe23+

Fe24+

Zn

Br2+

Br3+

Br4+

Br4+

Br5+

Br5+

Br6+

Br6+

Br7+

Bro*

Br9+

BrlO+

References
23, 25
25

23, 25
25

23

23

17, 23
17

17, 23
17

17

17

26



Fig. No. Processes References
12+ 11+

97. Br H, — Br 6
98. grit + H2 Kr+ | 28
99. wot + m, — Mot 25
100. oot + B, —> mo?* 25
101. O L 25
102. Mo'" + H, —> Mo®F 25
103. wo® + B, —> mo’* 25
104. Moot + m, — mo®* 25
105. wot%*+ H, — mo%* 25
106. Moll++ H, —_—> Molo+ 25
107. Mo ¥+ H, —> Mot 25
108. Mot3t, H, — Mot 2t 25
109. Mot m, —> Mo' 25
110. Moot H, — Mol4+ 25
111. mot ot m, —> Mo 25
112, mot "+ m, 5 Mol 25
113. wo'®*+ m, — wmol?* 25
114, ca®* + B, —» cat 26
115. L 11
116. ?* o+ om, — 1* 11
117. °* o+ B, — 1* 11
118. 3t 4 H, —> 17 11
119. 4 H, —> ?* 11
120. o+ ow, — 1 11
121, Pt o+ om, — 137 8, 11



Fig. No. Processes References

122, >t o+ B, — T+ 8, 11
125, %t Hy —> 14t 11
124. %+ B, — 7 11
125. . o+ om, — 1°F 11
126. ™ 4+ ow, — 1% 11
127. %+ o, — 1 11
128. 4 om, — 1 11
129. ot 4+ om, — 1Y 11
130. o+ om, — 1% 11
131. % o, — % 11
132. e 11
133. e om, — P 11
134. s om, — M 11
135. e e 11
136. e om, — 11
137. >t e om, — M 11
138. o v om, — P 11
139. 7t e om, — 1t 11
140. e w7 11
141. xe®* + m, — xe 31
142. xe®* + B, — xe®* 31
143, xe® + B, — x" 31
144. xe>* + H, — xe'¥ 31
145. %’ + B, — xe”7 31
146. xe’t + H, — xet 31

[\8)



Fig. No.
147.
148.
149.
150.
151.
152.
153.
154.
155,
156.
157.
158.
159.
160.
il6l.
162.
163.7
le4.
165.
166.
le7.
163.
169.
170.

171.

Processes
Xe8+ + H2 —_—
xe?* + H, —
Xe10++ H2 —_
Xell++ H2 _
xel?*4 H, —>
Ba2+ + H2 —_—
a3t + B, —
R
ta®* + B, —
ra®* + B, —
Ta’t 4 H, —
Ta8+ + H2 —
’I‘a9+ + H2 —_
a0t Hy —>
ralt*s B, —
rat®*+ m, —
Tal3++ H2 —
Tal4++ H2 —_
Ta15++ H2 —_—
Ta16++ H2 —>
Tal7++ H2 —_
Tal®*+ m, —
rat?*+ H, —
w'to+ oH, —
wt o+ B, —

[\

Xe7+

Xe8+

Xe9+

XelO+

11+

15+

Ta16+

Tal7+

Ta18+

3+

W4+

References
31
31
31
31
31
28

25

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

25



Processes
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Ionization

Fig. No. Processes References
Al. it + B, — i 10, 20
A2. ri?* + B, — 133" 10, 20
A3. BV o+ B, — B2t 29
A4. B2t 4 H, — g3+ 29
A5, ct o+ H, -— c2* 29
A6. c2t & Hy — o3t 29
A7. >t o+ B, — ctt 29
A8, ct*t 4 H, — >t 12
A9. o+ o, — w7 12
A10. o** + m, — o 4
All. si%t + H, — si%t 22
Al2 si®t + B, — i 22
Al3. c1?* + H, — c1?* 7
Al4. c1t 4+ m, R 7
Al5. K*  + H, — k- 14
Ale. re0ty H, —> pell* 17
al7. re?t+ H, — Fe??? 17
Al8. Fe??*+ H, —s Fe?3? 17
Al9. re?3t+ H, — rFe?4? 17

A 20, Fe?*+ H, —— Fe?5? 17
AZ2l. Fe2ot+ H2 — Fe26+ 17
A22, Brt + H, — B 6
A23. Brit + H, —> Brot 6, 9
A24. Brdt + H, — Br®t 9

—-11-



Fig. No. Processes References

A25, Br4+ + H2 —_— BJ:7+ 9
A26. Brit + H, — BrS* | 9
A27. Br5+ + H2 —_— Br6+ 6, 9
A28, Brot + H, —> Br'’ 9
A29. Br®* + m, — Bt 6, 9
A30. Br6+ + H2 —_— Br8+ 9
A3l. Br7+ + H2 —_ Br8+ 6, 9
A32. Br'T + Hy, — Bro* 9
A33, Brt + Hy — Brot 6, 9
A34. Br8t + Hy, — Bri0* 9
A35, Brot + Hy — Brl0+ 6
A36. BriOty H, — Br ot 6
A37. Bril*y H, — Bri2* 6
A38. ** 4+ B, — 1 11
A39. e 4t 11
A 40, SR L Hy — 1>t 11
A4l, 3t 4 H, — 4t 11
A42. 3t o+ B, — 17 11
A43. 3t o+ om, — 1% 11
Add, I4+ + H2 —_ I5+ 11
A45. ™t o+ B, — 1% 11
Adé6. s Hy —> 7t 11
A47. rt o+ B, — 1% 8, 11
A48. ot 4 Hy —> 7t 8, 11
A49. rt o+ o5, — 18t 1l

—12—



Fig. No. Processes References

A50. % 4 H, — 1/t 11
A5L. %t 4 H, — 18+ 11
A52. 1% & Hy —> 7t 11
A53. 't Hy — 18t 11
AS54. A L 11
A55. 8t Hy — 17t 11
A56. I o+ B, — 10+ 11
A57. P o+ om, — 1'% 11
AS8. ot 4 Hy, — it 11
A59. 10t 5, — ittt 11

- 13 —
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III. GRAPHS

—  CROSS SECTIONS FOR H + x37 — m+ x
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Fig. 95 Br'™ + H, - Br*

107"

LLLLLLL

107"

LARILRARLL |

10’

I RRLI|

107"

107"

00 I ) 1 O MR O A H L1 B R R
® Datz et al (1970)

crood ol g el

| Illlllll Lol povel vl vl vl 3 ogn

107"

10 10? 10° 10 10° 10° 107
Projectile Energy (eV/amu)

Fig. 96 Br'" + H, - Br'™

107"

T T

I 0-!5

1078

107

107"

L IIHII'

T T T T T OO T T T T T T 1 11
® Datz et al (1970)

ol g (WAL

Ll

Copnt v vl vl vl vl s

10-19
10°

10" 102 10° 10* 10° 10° 107
Projectile Energy (eV/amu)

—67—



Cross Section (cm?)

Cross Section (cm?)
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Fig. 175 W* + H, - W
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Fig. 177 W™ + H, - W™
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Cross Section (cm?)

Cross Section (cm?)

Fig. 183 Au®™ + H, - Au”
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Fig. 184 Au™ + H, - Au®
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Fig. 185 Au®™ + H, - Au™
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Fig. 189Au' + H, - Au'™
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Cross Section (cm?)

Fig. 191Au™ + H, - Au™
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Cross Section (cm?)

Fig. 193Au™ + H, - Au™
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Fig. A3 B* + Hz - Bz*
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Fig.AS C' + H, - (™
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Fig. A7 C* + H, - ¢*
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Cross Section (cm?)

Fig. Al | Si* + H, - Si™

107"

IR

Io-ld

LI lHH!i

107

T HHH‘

107"

107"

[ illlll'

T T 7T Il;llll[ T 1T T T T T T 7T
® Kim et al (1978)

I MARRE::

Ll

ot el

caonl v crd ool e el 1 v

1o-'e
10°

10’ 102 10° 10* 10° 10° 107
Projectile Energy (eV/amu)

Fig. Al2Si* + H, - Si¥

107"

LI LBLLLL]

lo-”

IR

lo-IS

(R

10°'®

LRI

‘O-H

L] IIII“‘

LI L 1 01 B I R I M 11 I R R AL LY
® Kim et al (1978)

I AR R

L rund

Coorood ccond o comd ol crrood vl i

10°'®
10°

10’ 102 10° 101 10° 10° 107
Projectile Energy (eV/amu)

- 123 -



Cross Section (cm?)

Cross Section (cm?)

Fig. AI3CI% + Hy - CI¥
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Fig. Al 7Fe? + H, - Fe?

107" T T T T T T T T T T T T T T T T
_:_ ® Berkner et al (1977} i
i :
‘0-19 :F-'_-— ® —E
1072 ;‘ ‘:
- ]
10 =
10722 coenl v oveenel vt vl ol ol nnu_|
10° 10" 10? 103 104 10° 108 107
Projectile Energy (eV/gmu)
Fig. AI8Fe®™ + H, - Fe®™
~-17

107" g1 L O L B N R R
= ® Berkner et al (1977} .-:_-

107" ;- E
g e

107" E
= ® 3

- -
o .E
107 -=‘-‘ E
: :
102 L copd o ol et ool g et L
10° 10 107 10° 101 10° 108 107

Projectile Energy (eV/amu)

— 126 —



Cross Section (cm?)

Cross Section (cm?)

107"

107

10-19

|0-20

|0-2I

l 0-22

Fig. AI9Fe® + H, - Fe?*

LR

LRI

UL IIHIII

LI FTimj

1 IIIIIITI

I lllll”' ljlllllll I lllll”l Tll””li T||HH|} r||[”|l' v P EE
® Berkner et al (1977}

paonnl g

Ll

A

el ol veroed o ool el 1

10°

107"

10-'*

‘O-IQ

10°%

10

] 0-22

10’ 102 10° 10 10° 10° 107
Projectile Energy (eV/amu)

Fig. A20Fe’" + H, - Fe?®

rrrrnny T T

| lllllll]

| Illlﬂlr i IIIIIIII

| Illlllll i i”””r IT]HIIII ] IIHIHI ] I”ll"l 1 IIIITUI Frith
® Berkner et al (19771

RALI R ERTI AR IRREI T MR EIIT::

EEERATI IR IR R AT .| llllllll vl 3ot III!Ii!] L LLLLI

10°

10! 102 10° 10* 10° 10° 107
Projectile Energy (eV/amu)

-127 -



Cross Section (C@z)

Cross Section (cm?)

Fig. A21Fe®™ 4 H, - Fe®™

107" E T T T T T T T T T T T T T T T TS
E ® Berkner et al (1977} E
107" & ;
10" & T:_
1o L i
0 }
- ® 3
1072 pnnd ool vred vl el vl 1 s
10° 10! 102 10° 10 10° 108 107
Projectile Energy (eV/amu)
Fig. A22 Br* + H, - Br®

]O-“ »
SEREALLLL B L B AL N R LU B AL BRI B
E@ Datz et al (1970) '_—“
10" 5‘ =
- z
107" = ® —-
107" ;' =
10" &= =
-19 _J cornl oo oot vovveend eovepd ol g ||n|;
10° 10 102 - 103 10 10° 108 107

Projectile Energy (eV/amu)

— 128 —



Cross Section (cm?)

Cross Section (cm?)

Fig. A23 Br* + H, - Br™
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Fig. A35Br* + H, - Br"™
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