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Abstract

Experimental data through mid 19.83 are compiled on the total cross sections
for the electron capture processes of highly ionized ions in collisions with hydrogen
atoms. The results are shown in figures as a function of the collision energy. Also are
shown the cross sections for some related processes including the electron detachment
(or stripping) and excitation. This is the first up-dated version of a previous compila-

tion published as IPPJ-AM-15.



. INTRODUCTION

Since the publication of our pre'vious compilation, IPPJ-AM-ISI), entitled
“Cross sections for charge transfer collisions involving hydrogen atoms” by Y. Kaneko
et al., a series of the experimentsz) have confirmed the impo;tance of the electron
capture processes involving highly ionized impurity ions in diagnostics and evaluation
of high temperature Tokamak plasmas. In such an electron capture process of highly
jonized ions AY" in collisions with hydrogen atoms at low energies, the electron is
preferentially captured into the excited states of the ion which is immediately decayed

into the ground state by emitting a photon in most cases; that is,

AY + H > A9 D™ + H (1)
'

AlQ- (g.s.) + he

Therefore, this process results in significant energy loss from high temperature plasmas.
Over the past year, some experimental results on the (n, 1) distribution of the electron-
captured ions in process (1) have been reported and found to give some detailed insight
in understanding the electron capture process of highly ionized ions.3) However, such
data are still too few to compile and evaluate.

In the present report are compiled the experimental data on the total cross
sections of the electron transfer processes of highly stiripped ions in collisions with
hydrogen atoms published through mid 1983. A list of the compiled processes is given
in section II. The references are listed in section III. The compiled data for electron
capture are shown in figures (Fig. 1 through Fig. 152) in section IV in the increasing
order of the atomic number of ions (section II-1). The cross sections are presented in
the unit of cm?/atom and the collision energy in keV/amu (e.i,, the energy in the
abcissa being equivalent to the Kkinetic energy of atomic hydrogen). In section V are

shown the experimental results on some related processes in Fig. Al through Fig. A20,
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including the electron excitation and detachment or stripping, listed in section II-2.
The present compilation is intended to be served as the first up-dated version of the
previous compilation, IPPJ-AM-15. New data are indicated with square marks in
figlfxres. A numerical database of these compiled data is now being developed for future

data retrieval system.
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II. LIST OF PROCESSES SHOWN IN FIGURES

1) Eiectron Capture
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2) Related Processes

Fig. No. Processes

Al. H + H -~
pt + H -

A2. B + H -
A3. H + H -
A4. H + H -~
AS. H + H -
A6. H + H -
AT H + H -
A8. H + H -
H(ls) + H(s)

A9. H + H -
Al10. _H__ + H -
All H + H -
H + H =

Al2. H + H -
Al3. ‘He* + H -~
Al ‘Het + H -
AlS. 3He* + H -
Al6. ‘He + H -~
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Al9. c* + H -~
A20. c* + H -
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Fig.36 Ne* + H - Ne*
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Fig.38 Ne*™ + H - Ne¥
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Fig.40 Ne*™ + H - Ne™
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Fig.42 Ne'™ + H - Ne*
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Fig.44 Na* + H - Na*
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Fig.46 Mg* + H - Mg®
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Fig.48 Si* + H - Si*
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Fig.50 Si®™ + H - Si*
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Fig.52 Si™ + H ~ Si®
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Fig.54 Si* + H - Si¥%
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Fig.58 Ar®™ + H - Ar*
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Fig.60. Ar™ + H - Ar®™
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Fig.62 Ar®™ + H - Ar®
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Fig.64 Fe* + H - Fe”
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Fig.66 Fe™ + H - Fe*
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Fig.68 Fe™ + H - Fe™
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Fig.Tb Fe* + H - Fe®
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Fig.72 Fe'™ + H - Fe'”
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Fig.74 Fe™ + H - Fe'*
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Fig.76 Fe'™ + H - Fe'"
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Fig.78 Kr® + H - Kr*
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Fig.80 Kr* + H - Kr®*
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Fig.82 Kr® + H - Kr®
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Fig.84 Mo™ + H - Mo*
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Fig.86 Mo™ + H - Mo®
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Fig.124. Ta"™ + H - Ta™

10'"5 N I N B 02 B O SR 111 B N MR AL
= ® 3
L ® -
107" &= =
107" & =
107" & =
107" = =
| ® Meyer ot al (1979) ]
1019 pr vl vy vl el vy el e
10° 10! 10? 108 104 10° 108 107
Projectile Energy (eV/amu)
Fig.125 Ta™ + H - Ta'™
]0"” v 1
SN2 B R N 1L B 1) O 1) N I B O WA
- ® i
— ® 3
10-15 = -
]0-15 — -
107 — -
107" & =
_ ® Meyer et al (1979) i
107" IREEEII AR R A IR AR R R A A1 1| N B W AT 1t AN S M R T1TI BN SR R RT1
10° 10! 102 10° 10* 10° 108 107

Projectile Energy (eV/amu)

—83—



Cross Section (cm?)

Cross Section (cm?)

Fig.126 Ta™ + H - Ta™

1o

T TTTTI

10"

T TTTT]

10

T TTTTf

Io-”

T 1 IHIII'

Io-ll

UUILRREL T TTTH] UL R D N R R UBLLILRRLL ! !IVIHII‘

©

® Meyer ot al (1979)

vl v e v vprd vyl vl

[ILLRLL

rvepnnd oy e

Lo el

el

Loyl

L L Lt

1ot
10°

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

Fig.127 Ta'™ + H - Ta'®

107

‘o-H

10"

T TTT

]o-lb

T

]0-17

1o

UL T TEHT U TTHIT LRI RN R RLLL] I llllllll

O]

® Meyer et al (1979)
poovend el vyl vl v v end el

LU

Pl v el v vl g

Ly vl

L1 L Liil

107
10°

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

—84—

107



Cross Section (cm?)

Cross Section (cm?)

Fig.128 W" + H - w¥
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Fig.148 . Au™ + H - Au™
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Fig.150 Au™ + H - Au'
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Fig.152. TI* + H - TI*
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V. FIGURES OF CROSS SECTIONS FOR RELATED PROCESSES

—98 —



Cross Section (cm?)

Cross Section (cm?)

Fig. Al H* + H = H' + H(2p)

IO'”E L1 O L1 O 1 11 N N L) O O U MR
107" &= =
O 5
107" & =
107" & =
= @ Stebbings et ol (1965) 3
~ ® Morgan et al (1973} ]
L A Kondow et al (1974) -
L. ¥ Kondow et al (1974) ]
10719 RN R R B S R T AR I AR R 111 B SN S 1| AN R RIT
10° 10 10? 10° 104 10° 10¢ 107
Projectile Energy (eV/amu)
Fig.A2 H' + H - H' + H(2s)
IO'HE ) 1 ) 3 111 B N R L1 B B R
107" 5
107" = =
10 & &2 E
= R o =
- @® 3
®
" ® _
107" = —
_ ©® Morgan et al (1973) N
. ® Chong et al (1977) i
10-'® parvronl o vl o gyl oy vyl vyl vl
10° 10 10? 10° 10* 10° 108 o

Projectile Energy (eV/amu)

~99



Cross Section (cm?)

Cross Section (cm?)

Fig.A3 H* + H - H* + H(n=2)
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Fig.,AS H*-+ H - H* + H(n=4)
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Fig.A9 -H + H - H(2p)
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Fig.A13 He' + H - He”
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