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Recommended Values of Transport Cross Sections

for Elastic collision and ℡o七al Co11土s土on cross

Section for Electrons in Atomic and Molecular Gases

M. Hayashi

Nagoya =nstitute of Technology

Gokiso-cho, Showa-ku, Nagoya 466, Japan

Recomended values are presented for 七be

integral, momentum-transfer and viscosity cross

sec七土ons for eエas七土c collisions and 七○七al collision
■

cross section of electrons in He, Ne, Ar, Kr, Xe,

H2, N2, 02, CO and CO2･ Awide range of electron

energies (10-3 to 104 ev) is consideredl but

emphasis is placed on the i - 103 ev range' A

comprehensive list of references for the relevant

●

cross sections is given.
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=n an analysis of various phenomena ⊥n ionized gases,

a fundamental role is played by a set of integral (qt),

momentum-transfer (qm) and viscosity (qv) cross sections

r

for elastic coll土s土ons, as well as every kind of 土nelas七ic

collision cross section. The three transport cross

sections for electrons with kinetic energy E are defined

by

q七(E,
-

2甘J:
o(E,0) sine) d8′

qm(I)
=

2甘[甘o(E･0)(i
-

cosO) sine dot
1

0

qv(E)
-

2¶i¶o(Ere)(i
-

c｡s2o) sine dO,
ノo

(1)

(2)

(3)

where. G(E,0) is the differential cross section for elastic

scattering and 0 is the scattering angle. Another irpIPOrtant

quan七土七y土s也e七otal collision cross section Q℡ de王土ned

by

QT(E) ≡

qt(E)
+ ∑qinel(E), (4)

●

where the second term on the right side denotes the surnma-

t土on of alコ,七he 土nelast土c collision cross sections. 工n

the presen七report′ available data on these four kinds of

cross sections are critically reviewed and the r.ecornmended

values of them are given for rare gas atoms and several
●

s土mple Ⅱ101ecules.
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℡he presen上 土ask of data compila七土on was started

pr土marま1y for an appl土ca七ion 七o 七he calcula七土on of swarm

parameters for medium to high X/N, where X is the electric

field applied and N is the gas number density. The

calculations have been carried out for He, Ne.･ Ar, Kr, Xe,

H2, N2 and 02, and partly reported elsewhere(i)･ To do

七be calculat土ons′ accurate values of qm are needed for a

wide range of electron energy. Rather widely different

values′ however′ have been used for qm土n the swarm para-

meter calculation by different authors. Fig. = shows an

example for =2(2)･ Thus, an effort had to be made to

determine our own recommended values for qm･ The effort

has been extended to other transport cross sections and

コ

QT, and results are given here･

For qm at low electron energies (E < 10 eV)･･ accurate

values can be obtained by swarm experiments(3,4). Those

values have been reviewed by =tikawa(5). The best swarm

data′七herefore′ were adopted王or qm a七low coll土s土on

■

energies '

The values of QT have been obtained by Ramsauer-type

コ

experiments by many authors. Recent experiments can give

QT Within an error of 2-3 %･ For atomic species, QT Should

equal q七below七he七breshold of the f土rs七exc土七ed s七ate･

Above the threshold, QT Of high accuracy is quite useful in

the evaluation of qt.

-3-



エn 七he las上 土en years a beam me七bod has been applied

extensively to 七he de七erm土na七ion of d土fferent土al cross

sec七土ons. Fur七hermore many elabora七e 七heore七土cal calcu-
P

lations of o(0) have been made. Here we adopt, in princi-

pie. the most reliable experimental data on cf(0) to

●

●

obtain qv for all the energies and qm and qt for higher

4

energies. A similar procedure has been followed by de

告eer et al.(6)土n七be土r de七erm土nat土on of bes七values of

qtandQTfor 20 to 3 x103 evin inertgases･ =nthe

present report, available data are searched mo1-e thoroughly

and qm and qv are calculated as well･

工n the calculation of 七he 七ranspor七 cross sections

frく)m 0(8), two problems arise. usua11y beam'methods can

not give o(a) fc'r very small angles (near 00) and for very

large angles (tb1800). with the aid cf theoretical cross

sections, an extrapolation of cl(a) to smaller or larger

angles is made in the present caluculations. Beam methods

are less reliable in providing absolute magnitudes of cross

sec七lons and hence some normal土za七土on procedure 土s often

invoked. Some original data are renormalized here so as to

glVe more COnSis七会nt results. One example of renormali-
●

zation is shown in Fig. ==. This figure shows the differ-

en七土al cross sec七土on of nitrogen molecules measured by

Trajmar.s group(7). They obtained absolute values with

a normalization to the differential cross section for He.
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We renormalized their values to the newly measured o(0)

for He(8)･ The rep,ult is also shown in Fig.工=. The

renormalized value is very close to the recent experimental

data by Shyn(9). This renormalization reduces the value

of qm by about 30 % and makes it agree with our recommeded

value as shown in Fig. =z=. Fig. =v shows a comparison of

the renormal土zed values of qm w土tb other exper土men七al and

th.eore七土cal results. エ上土urns ou上 土hat all･the experimental

values agree within about 10 %.

The recommended values of qt, qmp qv and QT thus

●

determined are given in Tables i-10 and Figs. i-10. The

accuracy of the pL･eSent qm is roughly estimated to be shown

in Table l1. At the end of this report, a rather comprehen-

s土ve l土s七 of references for the relevant cross sec七土ons 土s

given. The list is arranged separately for each species

considered here. For 七be reader-s convenience. each entry

has a short description of the inlJEormation contained in the

pat'er. The present recommended vaニues of corss sectiontcl

are based mostly on the papers with an asterisk.

=n future, recommended values will be determined for

d土fferen七土al cross sections. For 七hat purpose. measure-

ments should be made over a wide range of scattering angles.

=n particular data on large-angle scattering (for a ru150o)

are improtant in the determination of qm for the electron

●

energleE less than about loo eV.
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Figures of･ the Text

Fig･ =･ Homentum七ransfer cross sections, qm, adopted in

the previous swarm analysis for hydrogen molecules(2) ,

compare.a with the recommended values of this report.

Fig. ==. Differential elastic scattering cross section for

nitrogen molecules at the electron energy of 50 eV.

The upper curve at the large scattering angles is

= =

the orlglnal DCS reported by Srivastava et a1.
(7)

and the lower curve 土s the one renormal土zed to the

more accurate DCS measured recently for He.

Fig. Ill. Original and renomalized values of momentum transfer

cross sections for N2 aS a function of electron
l

energy, E. The present recommended values are also

shown.

Fig･ =v･ Recent experimental and theoretical values of qm for

N2 over a Wide energy range･ Srivastavals values are

the renormalized ones as shown in Fig. Ill. For

references. see 七he list of papers aセ セhe end of 七he

report.
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Recommended Values of Transport Cross Sections and Total

Collis土on cross Section

Fig./Table 1 .
. . . . . . . . He

2 . . . . . . . . . Ne

3 . . . . . . . . . Ar

4 . . . . . . . . . Kr

5 . . . . . .
. . . Xe

6 ･ ･ ･ ･ ･ ･ ･ ･ ･ H2

7･ ･ ･ ･ ･ ･ ･ ･

･N2

8 ･ ･ ･ ･ ･ ･ ･ ･ ･ 02

9 . . . . . . . . . CO

IO ･ ･ ･ ･
･

･
･ ･

･CO2

11･ ･ ･ ･ ･ ･ ･ ･

･Estimated
error for qm
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the paper: 七ypes of cross sections. rang･es of electron

energies considered, errors estimated, and range of scattering
●

angles when differential cross sections (DCS) are given.
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