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INTRODUCTION

Ionization by positive ions incident on atoms and molecules is one
of the basic processes in many fields such as plasma physics, radiation
physics, atmospheric physics and so on. Especially in magnetically-
confined fusion plasmas, the ionization process is responsible for

L)

plasma-cocling due to ejected cold electrons.

4)

Several compilations available at presentz_ are those of the
ionization cross sections for proton incident collisions. These compi-
lations are inconvenient for application because of no numerical data
table. TIn order to make a compilation more usable, it is necessary to
attach numerical data tables together with.

In this report a compilation is presented in graphs and tables of
experimental jonization cross sections. These numerical data stored in

a computer are to be evaluated for producing the Japanese Evaluated

Atomic and Molecular Data Library (JEAMDL), 1lst edition.
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Tonization Processes and Experimental Methods

In general ionization and charge changing processes can be represented

as follows :

AT e B o AT B 4 (ereieg)eT, (a)

where the superscripts denote net charges. In the case of a neutral
target (j=0), the ionization cross section %ion and the charge changing

cross section oic are defined by
I

g, = I oqk (i=f)
ion if
k>0
and
_ Ok .
o = I 9y (i%D),
k
where Ggg is the cross section for the process (a). The cross sections

for processes occurring in a collision system (He+ ~ He) are summurized
in the following table. It is found from this table that an elementary
process to be measured is always accompanied with several simultaneous
elementary processes, Therefore it is necessary to evaluate the measured
cross sections by taking account of experimental methods, collision

partners and impact energies.

Positive Ion Negative Ion/
i Electron
fast slow fast slow
+ + - 02
He = He He He cll ] Gli
He+ 001
H 0 10 g
¢ R e 502 10
10
- 0L 3
N Bet e 911 .
He . — pe 002 ion
e e 11
0 - 0
He e “1;
- a1
++ (He ) 912 g
He 12
- - - 401
e e e 12
++ - - 02
He e 2e 512
% o
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Experimental methods may be classified into the following groups

according to their characteristics:

1. Condenser method
Slow ions and electrons are collected to the condenser plates
in order to measure the current intensities. The cross sections

of O+ and ¢ are determined from these intensities.

2. Energy loss measurent
When the projectile is a fully stripped ion, the ionization
cross section is determined by integrating the energy loss
spectrum of the projectile over the region higher than the

target ionization energy.

3. Double differential cross section measurement
Secondary electrons produced In the collision are detected
by an electron energy analyzer at various angles, The electron
production cross section is determined from the double differ-
ential cross section. This method enable one to extract the
contribution of charge changing processes to the electron

spectra,

4. Coincidence detection
The ionization cross section is determined by means of the
detection of the ionized target gas in coincidence with the

projectile ions emerging from the collision region.

The cross sections for H+ and He++ incident on H and He are those
for pure ionization. For H2 target, it is to be noted that the pure and
dissociative ionization processes occur simultaneously., Therefore the
cross sections measured by the methods different from the coincidence
detection include some contribution from the dissociative ionization.

Available data for H2+ and He+ projectiles were measured using the
condenser method. The collected cross sections include appreciable

contribution of electron loss processes in the region of energy higher

than about 100 keV,.
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Data Compilation

The literatures for the experimental ionization cross sections were
searched with use of both bibliographies edited by Hawthorne et al.s)
and Barnett and Wiese.6) In this search covering the period through
1980, major journals and reports of conferences were scanned system-
atically., Only the data on target ionization were included in this
compilation., For the data on electron stripping of projectiles, the

7)

compilation’’ has been completed,

In Table A shown are the searched processes, There were not the
, S N S
experimental cross sections for H2 s H3 , He , He incident on H and

+
for H3 on He.

In Table B given is the list of the measurements for various
ionization processes, which includes name of authors, vear, projectile,
target, energy range, experimental method and reference number.

When there is no data table in the original literature, the numerical
data have been read from the figures using a computer. The reading
error is estimated within 5 % and no correction concerning to this error
has been made, The experimental errors cited in graphs and tables are

those in original literatures,

Acknowledgements
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FXPLANATION OF GRAPHS AND TABLES

Explanation of Graphs

Energy of incident ion ;3 din eV

Cross sectlon per target atom or molecule; in cm

Explanation of Tables
E{KEV) Projectile energy ;3 in keV
E(AD) " ; in atomic units

V{10{8)%CM/SEC) Projectile velocity; in 108 cm/sec

SIGMA(CM(2)) Cross section ; in cmz
SIGMA(AU) " ;3 in atomic units
SIGMA (PI*A0(2)) " ; in TraS

ERROR(%) Relative error

——— denotes that the entries are the values from original literature.

Values of errors were cited from original literature. When total
errors were not given, they were estimated as the square root of the

sum of the squares of the each experimental error.

Experimental Methods

Co_ Condenser method (electron production)

Co " {slow ion production)

CD Coincidence detection

FL Energy loss measurement

bDCS Double differential cross section measurement
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GRAPHS AND TABLES

Table A. Compiled Processes

No. Projectiles Targets Remarks
(1) Ht - i
(2) - H2
(3) - He
H + - H No Data
2
(4) - H,
(5) - He
H3+ - H No Data
(6) - H2
- He No Data
He+ - H No Data
(7) - H2
(8 - He
He++ - H No Data
(9 - H,
(10) - He
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Graphs and Tables of Ionization Cross Sections
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