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Recommended Values of Transport Cross Sections
for Elastic Collision and Total Collision Cross

Section for Electrons in Atomic and Molecular Gases
M, Hayashi
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Gokiso-cho, Showa-ku, Nagoya 466, Japan

Recommended values are presented for the
integral, momentum-transfer and viscosity cross
sections for elastic collisions and total collision
cross secéion of electrons in He, Ne, Ar, Kr, Xe,
H2, Nz, 02, CO and C02. A wide range of electron

3 o 104

energies (10 eV) is considered, but
emphasis is placed on the 1 - lO3 eV range. A
comprehensive list of references for the relevant

cross sections is given.



In an analysis of various phenomena in ionized gases,
a fundamental role is played by a set of integral (qt),
momentum—-transfer (qm) and viscosity (qv) cross sections
for elaétic collisions, as well as every kind of inelastic

collision cross section. The three transport cross

sections for electrons with kinetic energy E are defined

by

i)

qt(E) = ZWJ c(E,6) sin® dse, (1)
o}
™

q (E) = 21| 0(E,8) (1 - cose) sine de, (2)
)
T 2

qV(E) = 2n§ o(E,0) (1l - cos™0) sin6 de, (3)

0

where o(E,9) is the differential cross section for elastic
scattering and 6 is the scattering angle. Another important
quantity is the total collision cross section QT defined

by

Qp(E) = q (B) + Xq .7 (B), (4)

where the second term on the right side denotes the summa-
tion of all the inelastic collision cross sections. 1In
the present report, available data on these four kinds of
cross sections are critically reviewed and the recommended
values of them are given for rare gas atoms and several

simple molecules.



The present task of data compilation was started
primarily for an application to the calculation 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,

(1)

H2, N2 and O and partly reported elsewhere . To do

X
the calculations, accurate values of q, are needed for a
wide range of electron energy. Rather widely different
values, however, have been used for 9 in the swarm para-
meter calculation by different authors. Fig. I shows an
example for H2(2). Thus, an effort had to be made to
determine our own recommended values for e The effort
has been extended to other transport cross sections and
QT, and results are given here.

For qy, at low electron energies (E < 10 eV), accurate

values can be obtained by swarm experiments\3’4). Those

values have been reviewed by Itikawa(s). The best swarm
data, therefore, were adopted for 9 at low collision
energies.

The values of QT have been obtained by Ramsauer-type
experiments by many authors. Recent experiments can give
QT within an error of 2-3 %. For atomic species, QT should
equal q; below the threshold of the first excited state.

Above the threshold, Q,, of high accuracy is quite useful in

T

the evaluation of q



In the last ten years a beam method has been applied
extensively to the determination of differential cross
sectioqs. Furthermore many elaborate theoretical calcu-

lations of ¢(8) have been made. Here we adopt, in princi-

ple, the most reliable experimental data on ¢(6) to

.

obtain q, for all the energies and d and q, for higher
energies. A similar procedure has been followed by de

1, (6)

Heer et a in their determination of best values of

3 eV in inert gases. In the

dy and QT for 20 to 3 x 10
present report, available data are searched more thoroughly
and 9y and q, are calculated as well.

In the calculation of the transport cross sections
from o(8), two problems arise. Usually beam methods can
not give o(6) for very small angles (near 0°) and for very
large angles (v 180°)., With the aid of theoretical cross
sections, an extrapolation of o(6) to smaller or larger
angles is made in the present caluculations. Beam methods
are less reliable in providing absolute magnitudes of cross
sections and hence some normalization procedure is often
invoked. Some original data are renormalized here so as to
give more consistant results. One example of renormali-
zation is shown in Fig. II. This figure shows the differ-
ential cross section of nitrogen molecules measured by

(7)

Trajmar's group . They oktained absolute values with

a normalization to the differential cross section for He.



We renormalized their values'to the newly measured o (9)

for He(g). The re<ult is also shown in Fig. II. The
renormalized value is very close to the recent experimental
data by Shyn(g). This renormalization reduces the value

of I by about 30 % and makes it agree with our recommeded
valve as shown in Fig. III. Fig. IV shows a comparison of
the renormalized values of = with other experimental and
theoretical results. It turns out that all the experimental

values agree within about 10 %.

The recommended values of qt, q

q and QT thus

m’ v

determined are given in Tables 1-10 and Figs. 1-=10. The
accuracy of the present 9, is roughly estimated to be shown
in Table 11l. At the end of this report, a rather comprehen-
sive list of references for the relevant cross sections is
given. The list is arranged separately for each species
considered here. For the reader's convenience, each entry
has a short description of the information contained in the
paper. The present fecommended values of corss sectionc

are based mostly on the papers with an asterisk.

In future, recommended values will be determined for
differential cross sections. For that purpose, measure-
ments should be made over a wide range of scattering angles.
In particular data on large-angle scattering (for 6 ~150°)
are improtant in the determination of 9, for the electron

energies less than about 100 eV,
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Fig. I.

Fig. II.

Fig. III.

Fig. IV.

rFigures of the Text

Momentum transfer cross sections, q.r adopted in
(2)

the previous swarm analysis for hydrogen molecules r
compared with the recommended values of this report.

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 original DCS reported by Srivastava et al.(7)
and the lower curve is the one renormalized to the

more accurate DCS measured recently for He.

Original and renomalized values of momentum transfer
cross sections for N2 as a function of electron
energy, E. The present recommended values are also

shown.

Recent experimental and theoretical values of 9 for
Ny
the renormalized ones as shown in Fig. III. For

over a wide energy range. Srivastava's values are

references, see the list of papers at the end of the

report.
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References to the Data

(0) General references

(1) He
(2) Ne
(3) Ar
(4) Kr
(5) Xe
(6) H,
(7) N,
(8) o,
(9) co
(10) co,

Each entry has a short description of the contents of
the paper: types of cross sections, ranges of electron
energies considered, errors estimated, and range of scattering
angles when differential cross sections (DCS) are given.,
Theoretical papers are denoted by "Theory". Otherwise experi-
mental data are given. Papers with an asterisk provide the
basis on which the present recommended cross sections are

determined.
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(0) General References —— Review, Books

0.1) P. Laborie, J.M. Rocard and J.A. Rees
Electronic Cross-Sections and Macroscopic Coefficients
1. Hydrogen and Rare Gases, Dunod (1968)

0.2) P. Laborie, J.M. Rocard and J.A. Rees
Electronic Cross Sections and Macroscopic Coefficients
2. Metallic Vapours and Molecular Gases, Dunod (1971)

0.3) B. Bederson and L.J. Kieffer
Rev. Mod. Phys. 43, 601 (1971)

0.4) D.E. Golden, N.F. Lane, A. Temkin and E. Gerjuoy
Rev. Mod. Phys. 43, 642 (1971)

0.5) D.W., Walker
Adv. Phys. 20, 257 (1971)

0.6) A.L., Gilardini
Low Energy Electron Collisions in Gases, Wiley (1972)

0.7) G.J. Schulz
Rev. Mod. Phys. 45, 423 (1973)

0.8) L.G.H. Huxley and R.W. Crompton
The Diffusion and Drift of Electrons in Gases, Wiley (1974)

0.9) Y. Itikawa
Atomic Data and Nucl. Data Tables 14, 1 (1974)

0.10) L.J. Kieffer
NBS Special Publication 426 (1976)

0.11) P.G. Burke and J.F. Williams
Phys. Rep. 34, 325 (1977)

0.12) Y. Itikawa
Atomic Data and Nucl. Data Tables 21, 69 (1978)
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0.13)

0.14)

0.15)

0.16)

0.17)

J.W. Gallagher, J.R. Rumble. Jr., and E.C. Beaty
NBS Special Publication 426, Suppl. 1 (1979)

A.V. Phelps
Int. Seminar on Swarm Experiment in Atomic Collision
Research, 6Pl (1978)

S.C. Brown (ed.)
Electron-Molecule Scattering, Wiley (1979)

J.W. Gallagher and E.C. Beaty
JILA Information Center Report No. 18 (1980)

J.W. Gallagher and E.C. Beaty
JILA Information Center Report No. 21 (1981)
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1.2)

1.3)

1.6)

1.8)

1.9)

(1) He

L.S. Frost and A.V. Phelps
Phys. Rev. 136A 1538 (1964)

q_ from swarm data, 10-3 nvo10 ev
m,

G.L. Braglia, G.M. de'Munari and G. Mambriani

Comitato Nazionale Energia Nucleare RT/FI(65) 60
-3

Qpr Qe 1077 V20 eV

R.W. Crompton, M.T. Elford and R.L. Jory
Aust. 7. Phys. 20 369 (1967)

2

g, from swarm data, 2 x 100° v~ 6 eV

R. W. Crompton, M.T. Elford and A.G. Robertson
Aust. J. Phys. 23 667 (1970)

3

q, from swarm data, 8 x 107° v 6 eV

A.L. Sinfailam and R.K. Nesbet
Phys. Rev. A 6 2118 (1972)
Theory, Qv 9pr 0.1 v 17 ev

$.K. Sethuraman, J.A. Rees and J.R. Gibson
J. Phys. B 7 1741 (1974)
DCS, 100 v 500 eV, 30 ~ 150°

M.E. Riley, C.H. MacCallum and F. Biggs
Atomic Data and Nucl. Data Tables 15 443 (1975)
Theory, DCS, 1 Vv 256 keV

J.W. McConkey and J.A. Preston
J. Phys. B 8 63 (1975)
DCS, 1.5 "™ 100 ev, 20 v 90°

S.C. Gupta and J.A. Rees
J. Phys. B 8 1267 (1975)
DCS, 100 ev, 20 ™ 140°
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1.10)

1.11)

1.12)

*
1.13)

1.15)

1.17)

1.18)

D. Andrick and A, Bitsch
J. Phys. B 8 393 (1975)
DCS, 2 A 19 eV, 15 4 145°

M.V. Kurepa and L.D. Vuskovi¥
J. Phys. B 8 2067 (1975)
rcs, 100 ~ 200 ev, 5 ~ 150°

R.H.J. Jansen, F.J. de Heer, H.J. Luyken, B. van Wingerden
and H.J. Blaauw
J. Phys. B 9 185 (1976)

DCS, 10% A 3 x 103 eV, 5 ~ 55°

H.B. Milloy and R.W. Crompton
Phys. Rev. A 15 1847 (1977)
9, from swarm data, 4 v 12 eV, 3 n 5%

I.E. McCarthy, C.J. Noble, B.A. Phillips and A.D. Turnbull
Phys. Rev. A 15 2173 (1977)
Theory, DCS 20 ~ 3 x lO3 eV

H.J. Blaauw, F.J. de Heer, R.W. Wagenaar and D.H. Barends
J. Phys. B 10 ©L299 (1977)
Qp, 15 v 750 ev ‘

F.J. de Heer and R.H.J. Jansen
J. Phys. B 10 3741 (1977)
Analysis, QT, s 15 ~ 3000 eV, 5%

T.S. Stein, W.E. Kauppila, V. Pol, J.H. Smart and
G. Jesion

Phys. Rev. A 17 1600 (1978)

QT' 2 v 30 ev

R.E. Kennerly and R.A. Bonham
Phys. Rev. A 17 1844 (1978)
QT, 0.5~ 50 eV, A3 %
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1.19)' R.K. Nesbet
J. Phys. B 12 1L243 (1979)
Theory, s qm} <19 ev

*
1.20) R.K. Nesbet
Phys. Rev. A 20 58 (1979)
Theory, DCS, <19 eV

1.21) T.F. O'Malley, P.G. Burke and K.A. Berrington
J. Phys. B 12 953 (1979)
Theory, DCS, 0 ~v 16,5 eV

1.22) N,.C. Steph, L. McDonald and D.E. Golden
J. Phys. B 12 1507 (1979)
Analysis, Der 9y 2 v 19 ev

1.23) G. Dalba, P. Fornasini, I. Lazzizzera, G. Ranieri and
A. Zecca
J. Phys. B 12 3787 (1979)
Qmnr 100 ~ 1400 ev, 2%

*
1.24) D.F. Register, S. Trajmar and S.K. Srivastava.
Phys. Rev. A 21 1134 (1980)
DCS, 5 ~ 200 eV, 15 ~ 150°, 5 ~ 9%

*
1.25) T.W. Shyn
Phys. Rev. A 22 916 (1980)
DCS, 2 ~ 400 eV, 6 ~ 156°, 10%

l.26§ H.J. Blaauw, R.W. Wagenaar, D.H. Barends and F.J. de
Heer
J. Phys. B 13 359 (1980)
QT"O N 700 ev

. "
1.27) J.Ferch, W. Raith and K. Schroder
J. Phys. B 13 1481 (1980)
Ay 0.1 v 1 ev
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1.28) M. Charlton, T.C. Griffith, G.R. Heyland and T.R.
Twomey
J. Phys. B 13 L239 (1980)
Qe 2 50ev, 3%

1.29) W.C. Fon, K.A. Berrington and A. Hibbert
J. Phys. B 14 307 (1981)
Theory, DCS, 5 ~ 200 eV

1.30) M. Lal and M.K. Srivaztava
J. Phys. B 14 1857 {1981)
Theory, 50 ~ 400 eV

1.31) J.N. Das, R.K. Bera and B. Patra
Phys. Rev. A 23 732 (1981)
Theroy, DCS, 100 ~n 500 eV
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2.4)

(2) Ne

F

C.L. Chen
Phys. Rev. 135A 627 (1964)
exp. of py <0.15 ev

G.L. Braglia, G.M. de'Munari and G. Mambriani
Comitato Nazionale Energia Nucleare
RT/FI (65) 60 (1965)

qt' qmr i0_3 v 1le ev

P.S. Hoeper, W. Franzen and R. Gupta
Phys. Rev. 168 50 (1968)
Analysis, 1 ~n 16 eV

C.R. Hoffmann and H.M. Skarsgard
Phys. Rev. 178 168 (1979)

a4 x107% 2 ev

A. Salop and H.H. Nakano
Phys. Rev. A 2 127 (1970)

Qpr 0.37 ~ 20 eV
E.A, Garbaty and R.W. La Bahn
Phys. Rev. A 4 1425 (1971)

Theory

D.G. Thompson
J. Phys. B 4 468 (1971)
Theory

A.G, Robertson
J. Phys. B 5 648 (1972)
A from swarm data, 0.03 ~ 7 eV

D. Andrick
Private comm. to JPL (1973)
DCS, 1 ~v 20 eV
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2.10) M. Inokuti and M.R.C. McDowell
J. Phys. B 7 2382 (1974)
Theory

2,11) S.C. Gupta and J.A. Rees
J. Phys. B 8 417 (1975)
pcs, 100 ~ 625 eV, 10 ~ 150°

2.12) S.C. Gupta and J.A. Rees
J. Phys. B 8 1267 (1975)
DCS, 100 eV, 10 ~ 140°

2.13) J.F. Williams and A. Crowe
J. Phys. B 8 2233 (1975)
pDCcs, 20 ~ 200 ev, 15 ~n 150°, ~10%

2.14) C. Sol, F. Devos and J.C. Gauthier

Phys. Rev. A 12 502 (1975)

3 1

exp. of q_, 3 x 1007 A~ 5 x 107~ ev

*
2,15) M.E. Riley, c.J. MacCallum and F. Biggs
Atomic Data and nuc. Data Tables 15 443 (1975)
Theory, DCS, 1 ~v 256 keV

*
2.16) R.D. DuBois and M.E. Rudd
J. Phys. B 9 2657 (1976)
DCS, 50 ~ 800 eV, 3 ~ 150°, 12 ~ 19%

2.17; I.E. McCarthy, C.J. Noble, B.A. Phillips and A.D.
Turnbull
Phys. Rev. A 15 2173 (1977)
Theory, 20 ~ 3000 eV

2.18) F.W. Byron and C.J. Joachain
Phys. Rev. A 15 128 (1977)

Theory, DCS, 10 ~ 7 x 102 ev
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2.19) D.P. Dewangan and H.R.J. Walters
J. Phys. B 10 637 (1977)
Theory, DCS, 2 X 102 vo3ox 103 eV

2.20) B.L. Jhanwar, S.XK. Khare and A. Kumar, Jr.
J. Phys. B 11 887 (1978)

Theory, DCS, 102 ~ 10° ev

2.21) A.W. Yan, R.P. McEachran and A.D. Stauffer
J. Phys. B 11 2907 (1978)

Theory

2.22) T.S. Stein, W.E. Kauppila, V. Pol. J.H. Smart and
G. Jesion
Phys. Rev. A 17 1600 (1978)
QT’ 2 v 30 ev

2.23? F.J. de Heer, R.H.J. Jansen and W. van der Kaay
J. Phys. B 12 979 (1979)

Analysis, Q 20 ~ 3000 ev

TI qtl
*
2.24) 7T.F. O'Malley and R.W. Crompton
J. Phys. B 13 3451 (1989)
Analysis, Qpr 9 0 v 2.176 ev

2.25) W.C. Fon and K.A. Berrington
J. Phys. B 14 323 (1981)
Theory, DCS, 5 ~ 200 eV

*
2.26) I. Ogawa, H. Murakoshi, S. Yoshizawa and S. Masuda
Atomic Collision Research in Japan 7, 23 (1981)
12th ICPEAC (1981)

-2
q, from Ek’ 3 x 10

nol ev

*
2.27) S. Trajmar and his group
unpublished results
pCs, 7.5 v 20 ev
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(3) Ar

3.1) T.F. O0'Malley
Phys. Rev, 130 1020 (1963)
Theory, qyr 0 v 1.16 ev

3.2) A.G. Engelhardt and A.V. Phelps
Phys. Rev, 133 375 (1964)

g from swarm data, 1072 ~ 25 ev

3.3) L.S. Frost and A.V. Phelps
Phys. Rev, 136 Al538 (1964)

g _ from swarm data, 10~3% 25 ev
m

3.4) G.L. Braglia, G.M. de'Munari and G. Mambriani
Comitato Nazionale Energia Nucleare RT/FI (64) 60 (1965)
-3
Qs qm, 10 v 10 ev

3.5) D.E. Golden and H.W. Bandel
Phys. Rev. 149 58 (1966)
Qs 1071 & 21.6 ev, 3 3

3.6) D.E. Golden
Phys. Rev., 151 48 (1966)
Apr Ipr 107% & 7 ev

3.7) J. Mehr
Z.£f. Phys. 198 345 (1967)

DCS, relative, 5 o 10° eV, 20 ~ 155°

3.8) P.S. Hoeper, W. Franzen and R. Gupta
Phys. Rev. 168, 50 (1968)
Theory, 1.1 ~ 10,3 eV

3.9) J. Fletcher and D.S. Burch
J. Phys. D 5 2037 (1972)
q, from swarm data, 1 v 40 eV
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3.10) S.C. Gupta and J.A. Rees
‘T. Phys. B 8 1267 (1975)
DCS, 100 eV, 10 ~ 140°

*
3.11) J.F. Williams and B.A. Willis
J. Phys. B 8 1670 (1975)
DCS, 20 ~ 400 ev, 20 ~n 150°

*
3.12) M.E. Riley, C.J. MacCallum and F. Biggs
Atomic Data and Nucl. Data Tables lé 443 (1975)
Theory, DCS, 1 v 256 keV

*
3.13) R.D. DuBois and M.E. Rudd
J. Phys. B 2 2657 (1976)
DCS, 20 ~ 800 eV, 2 ~ 150°, 12 ~ 32%

3.14) D.A. McPherson, R.K. Feeney and J.W. Hooper
Phys. Rev. A 13 167 (1976)

3.15) H.B. Milloy, R.W. Crompton, J.A. Rees and A.G.
Robertson
Aust. J. Phys. 30 61 (1977)
q, from swarm data, 0.014 v 4 eV

*
3.16) I.E. McCarthy, C.J. Noble, B.A. Phillips and A.D.

Turnbull
Phys. Rev. A 15 2173 (1977)
Theory, Qn, 20 ~ 3 x 103 ev

3.17) R.W. Wagenaar
Thesis (1978)
Qe 15 v 750 ev

*
3.18) F.J. de Heer and R.H.J. Jansen and W. van der Kaay
J. Phys. B 12 979 (1979)

Analysis, QT’ qyr 20 v 3000 ev
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3.12) M. Charlton, R.C. Griffith, G.R. Heyland and T.R. Twomey
J. Phys. B 13 L239 (1980)
QT’ 2 v 50 eV, 3%

3.20) S.K. Srivastava, H. Tanaka, A. Chutjian and S. Trajmar
Phys. Rev. A 2§ 2156 (1981)
DCS, 3 ~ 100 ev, 15 ~n 130°
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(4) Kr

&.F. O'Malley
Phys. Rev. 130 1020 (1963)
Theory, qe

L.S. Frost and A.V. Phelps
Phys. Rev. 136A 1538 (1964)

q, from swarm data, 0 ~ 20 ev

G.L. Braglia, G.M. de'Munari and G.Mambriani

Comitato Nazionale Energia Nucleare RT/FI (65) 60 (1965)
-3

Qpr Iy 10 N9 eV

K. Schackert
Z.f. Phys. 213 316 (1968)
DCS, relative, 50 ~ 150 eV

C.R. Hoffmann and H.M. Skarsgard
Phys. Rev, 178 168 (1969)

-2
qm, 4 x 10 v o2 eV

B.R. Lewis. I.E. McCarthy, P.J.0. Teubner and E. Weigold
J. Phys. B 7 2549 (1974)
psSC, 30 v 200 ev, 15 ~ 140°

J.F. Williams and A. Crowe
J. Phys. B 8 2233 (1975)
DCS, 20 ~ 400 ev, 20 ~v 150°

M.E. Riley, C.J. MacCallum and F. Biggs
Atomic Data and Nucl. Data Tables 15 443 (1975)
Theory, DCS, 1 v 256 keV

T. Heindorff. J. Hofft and P. Dabkiewicz
J. Phys. B 9 89 (1975)
DCS, relative, 3 ~ 10.5 eV
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4.10)

4.11)

4.13)

4.14)

4.16)

"
T. Heindorff, J. Hofft and P. Dabkiewicz
J. Phys. B 9 89 (1976)
DCS, relative, 3 ~ 10.5 eV

R.H.J. Jansen and F.J. de Heer
J. Phys. B 9 213 (1976)
pes, 102 ~ 3 x 103 ev, 5 ~ 550

I.E. McCarthy, C.J. Noble, B.A. Phillips and A.D.
Turnbull
Phys. Rev. A 15 2173 (1977)

Theoxry, DCS, 20 v 3 x 103 eV

R.W. Wagenaar
Thesis (1978)
QT’ 17.5 ~ 750 eV

F.J. de Heer, R.H.J. Jansen and W. van der Kaay
J. Phys. B 12 979 (1979)
Analysis, QT, qt, 20 ~ 3000 ev

M.S. Dababneh, W.E. Kauppila, J.P. Dowing, F. Laperriere,
V. Pol, J.H. Smart and T.S. Stein

Phys. Rev. A 22 1872 (1980)

Qe 1.9 v 99,4 ev

S.K. Srivastava, H. Tanaka, A. Chutjian and S. Trajmar
Phys. Rev. A 23 2156 (1981)
DCS, 3 ~ 100 ev, 15 ~n 130°
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(5) Xe

5.1) L.S. Frost and A.V. Phelps
Phys. Rev. 136 A 1538 (1964)
9 from swarm data, 0 v 20 eV

5.2) G.L. Braglia
Phys. Letters 17 260 (1965)
qtl qml 0061 Y 8-15 eV

5.3) G.L. Braglia, G.M. de'Munari and G. Mambriani
Comitato Nazionale Energia Nucleare RT/FI (65) 60 (1965)

Qpr Do 1073 4 g ev

5.4) J. Mehr
Z.£f. Phys. 198 345 (1967)
DCS, relative, 20 ~ 300 ev, 20 ~ 155°

5.5) K. Schackert: Ph D Thesis, Univ. Mainz (1968)
DCS, relative, 50 ~ 150 eV, 30 ~ 150°

5.6) C.R. Hoffmann and H.M. Skarsgard
Phys. Rev. 178 168 (1969)

9y 4 x J.O_2 N2 ev

5.7) R.A. Berg. J.E. Purcell and A.E.S. Green
Phys. Rev. A 3 508 (1971)
Theory, DCS, 100 ~ 300 eV

*
5.8) J.P. Bromberg
J. Chem. Phys. 61 963 (1974)
DCS, 300 ~ 700 ev. 3 n 25°

5.9) B.R. Lewis, I.E. McCarthy, P.J.0. Teubner and E. Weigold
J. Phys. B 7 2549 (1974)
DCS, 60 eV, 15 ~ 140°
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*
5.,10) J.F. Williams and A. Crowe
J. Phys. B 8 2233 (1975)
DCS, 20 ~ 400 ev, 20 ~ 150°

*
5.11) M.E. Riley, C.J. MacCallum and F. Biggs
Atomic Data and Nucl. Data Tables 15 443 (1975)
Theory, DCS, 1 v 256 keVv

5.12) T. Heindorff, J. Hofft and P. Dabkiewicz
J. Phys. B 9 89 (1975)
DCS, relative, 3 ~ 10.5 eV, 30 ~ 130°

5.13) R.H.J. Jansen and F.J. de Heer
J. Phys. B 9 213 (1976)

DCS, 10° ~ 3 x 10%eV 5 ~ 54°

*
5.14) I.E. McCarthy, C.J. Noble, B.A. Phillips and A.D.
Turnbull
Phys. Rev. A 15. 2173 (1977)

Theory, 20 ~ 3 x 103 ev

*
5.15) F.J. de Heer, R.H.J. Jansen and W. van der Kaay
J. Phys. B 12 979 (1979)
Analysis, QT, qt, 20 ~ 3000 ev
5.16) M. Klewer, M.J.M. Beerlarge and M.J. van der Wiel
J. Phys. B 13 571 (1980)

DCS, relative, 2 ~ 300 eV

*
5.17) M.S. Dababneh, W.E. Xauppila, J.P. Downing, F.
Laperriere, V. Pol, J.H. Smart and T.S. Stein
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