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Elastic scattering of electrons by hydrogen molecules
in the modified Glauber approximation
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A modified Glauber approximation has been employed to investigate the elastic scatter-

ing of electrons by the hydrogen molecules in the intermediate-energy range (50—1000
eV). The exchange effects are included through the Glauber-Ochkur approximation. In
general the effect of multiple scattering is found to be small and the differential cross sec-
tions agree very well with the absolute experimental data for E & 100 eV. The total cross
sections for electron as well as positron scattering are also obtained via the optical
theorem. The values are in good agreement with the available experimental data.

INTRODUCTION

Investigations of elastic scattering of electrons

by light atoms, over the intermediate-energy range,
have been successfully carried out by employing
numerous approximate methods. ' However, owing
to additional complexity of the calculations, only
some of these methods could be extended to the
scattering of the electrons by even the simplest
molecule, e.g., H2. The recent (second Born) cal-
culations of Jhanwar et al. for e-H2 elastic
scattering although does employ a molecular wave
function (single center) but neglects the higher
Bom terms, which are found to be important for
electron-atom scattering, particularly at the lower
side of the intermediate-energy range. A way to
partially account for these higher terms has been

suggested by Gien' in the form of the modified
Glauber approximation (MGA). In his MGA in-

vestigations on e-+-H and He atoms' Gien has
demonstrated the importance of the higher-order
terms. In MGA, special care is required to com-
pute the forward scattering amplitudes owing to
the occurence and exact cancellation of two diver-

gences. Quite recently Jhanwar et al. have
developed analytical expressions for the forward
MGA amplitude. The good agreement between
their computed MGA total cross section (derived
from the imaginary part of the forward amplitude)
and experimental data further establishes the im-

portance of the higher-order terms. Thus it is of
interest to extend the application of MGA to the
electron-molecule scattering. So far, no direct in-

vestigation of the molecular scattering in MGA

has been performed. Indirectly, MGA has been
used to investigate e-H2 elastic scattering in the in-
dependent atom model (IAM). It is well known
that in IAM the molecular scattering amplitude is
expressible in terms of the atomic scattering ampli-
tudes. MGA has been employed to obtain the hy-
drogenic scattering amplitude and thereby the IAM
e-H2 scattering amplitude. It should, however, be
noted that the effect of multiple scattering totally
gets neglected in IAM investigations. Hence, it is
desirable to employ MGA with a molecular wave
function so that the multiple scattering effects can
be incorporated. In this paper such an attempt has
been made while investigating e-H2 elastic scatter-
ing over 50—1000 eV.

We use a simple but fairly accurate two-center
wave function for the ground state of H2. We find
that the use of separated atom approximation
(SAA), which greatly simplifies the evaluation of
the first Born amplitude without introducing ap-
preciable errors, is not enough to keep the second
Born calculations tractable. Hence, we introduce
an additional approximation and quite interestingly
obtain the molecular second Born amplitude (fit 2)
expressed in terms of the corresponding amplitude
for the united atom limit of H2, i.e., He atom. It
Inay be noted that the first Born molecular ampli-
tude (fz &) is also expressible in terms of the ampli-
tude for the united atom limit of H2. Thus the
present observations are at variance with that of
the widely used IAM method in which the molecu-
lar scattering amplitude is expressed in terms of
the amplitude for the separated atom limit of H2.
It is, therefore, evident that everything remaining
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the same, a comparison of present results with
IAM results would provide information about the
significance of the multiple scattering.

The differential cross section in MGA is calcu-
lated by assuming that like fbi and f&2 the lesser

important higher-order molecular scattering ampli-
tudes -are also expressible in terms of the amplitude
for the united atom limit of H2. In the computa-
tion of F2, which involves infinite summation, we

retain the first term of the summation exactly and
sum the remaining terms by using the closure rela-
tion after the various excitation energies have bix:n

replaced by an average excitation energy. The
latter is so chosen that it reproduces the average
(spherical) experimental value of the dipole polari-
zability in the closure relation. The contribution
of exchange is included through the Glauber-
Ochkur approximation. Finally the averaged dif-
ferential cross sections are obtained and compared
with the experimental data. %e also employ the
analytical expression developed by Jhanwar et al.
for the forward MGA amplitude of hydrogenic
atom for computing the same for e-H2 case. The
imaginary part of the amplitude is then converted
to the total cross section by using an optical
theorem and is then compared with the available
experimental data.

ecules averaged over all the orientations of the in-
ternuclear axis in modified Glauber (MG) and
Glauber-Ochkur (GO) approximations is given by

H2 H2
IH (~)=

I fMG gGO I

H2 H2
where fMG and gGG are direct scattering ampli-
tudes in modified Glauber and exchange scattering
amplitudes in the Glauber-Ochkur approximation,
repectively. Now

fMG fG fG2+f&&

where fo is the scattering amplitude in the
Glauber approximation, fo2 is the second term of
the Glauber series, and F2 is the second Born
scattering amplitude. Equation (2) may also be
written as

fMG =fa i +fs2+ X fG„
5=3

where fbi is the first Born scattering amplitude
and fo is the nth term of the Glauber series. For
the elastic scattering of electrons by the ground
state of the hydrogen molecule, we have

THEORY

The differential cross section (DCS) for the elas-

tic scattering of the electrons by the hydrogen mol- and

fs, = — (O, kf I
V IO kp)

4m

fii2 — 4g I d
2 3 (Okg I

V
I

qn)(n, q I
V IO kp&,

32% ~ g —k~ —l E'

with

I
n p) =e' i'' '

I
n ),

V(ri, r2, r3)—
I
ri —rs

I

where ko and k~ are initial and final momentum
vectors of the incident electron;

I
0) and

I
n)

represent the initial and intermediate states of the
molecule. The energy of the nth excited state E„ is
given by (we express energy in the units of Ryd-
berg and length in the units of Bohr radius)

E„—Ep ——kp —k„.

The interaction potential V is given by

where r
&

refers to the incident electron,
r2, r3 lg 1 s are the coordinates of the bound elec-
trons and the two nuclei A and 8 of the molecule,
respectively.

To obtain fMG and gGG, we represent the hydro-
gen molecule by a simple but fairly accurate two-
center wave function given by

QP( 1 2 I 3)=N[((g( r2)((g( r3)
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where the gerade and ungerade orbitals are given

by

Ps „(r;)=Ns „[U(rz )+u(r s)t,
with

' 1/2

(10)

/f2 1

2(1+S)

Taking the midpoint of the molecule as the origin
we have

Hwh««=ko —kj, and fbi(Z) is the scattering
amplitude in the first Born approximation for the
electron elastically scattered by a hydrogenlike
atom represented by (10). It has been shown' that
(14) is at the maximum only 4% different from the

H2
exact result for fs, . Hence, SAA is satisfactory in
the first Born approximation and we shall assume
it to be satisfactory for all the terms offMo and

goo. It is well known that if we work in the in-
dependent atom inodel and use the first Born ap-
proximation for the two atoms we again get (14).

H2
Now we proceed to obtain fii2. Considering the

molecule as composed of two atoms we may
rewrite (7) as

rg = —lg =R, (12) i 2 3) ~A( 2}+IB( 3} (15)

where 2R is the equilibrium internuclear distance,
and the overlap integral

(1+2Z& + Z2g 2)e 2zz—
with

(
~

)
2 2+

I
ri-r2

I

(16)

(14)

For R =0.7, the variational parameters Z and C
are equal to 1.2005 and —0.5814, respectively.
The normalization constant N is equal to
(1+( 2)—I/2

Putting (8) in (4), it is easy to show that in SAA,
the separated atom approximation (neglect of over-
lap integrals),

fI3i' ——2 cos(K R)fs i (Z),

2 2
Vii(r3) =-

I
ri —ra

I

Putting (16) and (17) in (5) we get

H2
fa2 =fAA+faa+fA ji+fjiA

where

(17)

fAA= 4g f 2 2 . &0 kf I IA ln q)&nq I VA loko)
327T ~ g —k~ —l 6

(19}

fAa=;g f, 2 . &o kflI'A ln q)&n ql I'alo ko)
32n4 „q2 k„2 ie-- (20)

and similar expressions for fz~ and fsA. Evidently both (19}and (20) represent double scattering. However,
fAA is for the process in which the incident electron is scattered twice by the same atom 3, while in fAii the
incident electron is first scattered by the atom 8 and then by the atom A. Similar interpretation is assigned
to the terms fss and f~A. Although the terms fAA and fs~ were included in the investigation of Jhanwar
et al. , the double scattering terms fA~ and fiiA and similar higher multiple scattering terms were not taken
into consideration. When we speak about multiple scattering in the future, we shall mean only those scatter-
ing processes in which the incident electron is scattered by both the atoms in succession as represented by
fAn, etc. As expected, the second Born approximation for the molecule includes such double scattering
terms. Similarly, fG (n & 3) for the molecule includes all the higher multiple scattering terms.

To evaluate fAA, we employ the Bethe integral in (19) to integrate over r i and obtain

with

fAA
—— g f ~2~2 2 k2 &

I

—e' ' +e' ' '
ln)&nl —e' ' +e'

2 3 q H

(21)

K2 ——q —kf
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and

K3——ko —q .

The first term of the above series is retained exactly and the rest of the terms are summed by closure. A
similar procedure is adopted to evaluate fBB. Now taking fzz+ fBB and proceeding to the separated atom
limit we obtain

(22)

f +f —;[cos(KR)[1+&(K)]—cos(K2.R) cos(K3.R)[W(K2)+&(K3)]IAA BB P K2K2( 2 2 i~)
'

4J dq 1 1

17 K2K3 g kp —

ling

—p'—Ee
2 2 2 2 ~ 2 2 ~

X [cos(K'R) —cos(K2'R}cos(K3 R)[W(K2 )+J (K3 }

+~(K2)~(K3}]I (23)

where

(24)

and p'=kp —6, 5 being the mean excitation energy. As was mentioned earlier, the value of 5 is so chosen
that it reproduces the average experimental value of dipole polarizability a~ of H2 in the closure approxima-
tion. Thus with Z =1.2005 and ad =5.18 we obtain b, equal to 1.08. The integrals in (23) containing
cos(K2 R)cos(K3 R) are difficult to evaluate, hence a simple approximation is introduced here. Let us con-
sider the integral

I= Jd q cos(K2'R)cos(K3'R)T( qs kps kf )

At high energies, the cosine functions are highly oscillating. If T(q, kp, kf) is assumed to be slowly varying
with q, then the major contribution to the integral comes from. those values of q for which oscillations are
very slow. The oscillations in, for example, cos(K2.R) vanish for q =kf yielding K2 ——0 and K3=K. Mak-
ing this substitution in cos(K2 R) and cos(K3 R) (phase terms) in (23) we obtain

dqfax+ fBB——2cos(K R)
2 2 2 2 [1 ~(K2)

K22K32(q2 —p' —ie}

2 p dq 1 1+ 2 J 2 2 2 2 ~ 2 2EZE3 q —ko —re I —P —I e

X [1 W(K2) ~(K3)+~(K2)Li (K3)] (25)

The integrals of (25) are evaluated by the Feynmann technique. The expressions are well known and need
not be given here. It may, however, be noted that the content of the large square bracket is equal to fB2 (Z).
A similar procedure is employed to evaluate f~B, from (20) we obtain in SAA
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f„a= J [ e— ' +cos(Kz R)W(Kz)][—e ' +cos(Kz R)W(K, )]
KzK3 q +ko i—e q p— i—e

—&(K2—K3). R —&K2 R iK3 RJ [e ' ' —e ' cos(K3 R)W(K3) e— ' cos(Kz R)W(Kz)
KzK3(q p— i—e)

+cos(Kz R)cos(K3.R)W(Kz)W(Kz) —2N Csin(Kz R)sin(K3 R)W(Kz)W(K3)] .

An expression similar to (26) is obtained for faz. Again in phase terms of fza+faz we set Kz ——0 and

K3——K and obtain

f~a+fa~ =cos«'R)fez «»
with

faz(»= ——, . —, ; . [—I+~(Kz)1
4 dq II 1

E E q —k —ie q —p —ie

(26)

(27)

X[—I+~(K3)]+,I . . . , [1—~(Kz) —W(K3)+~(Kz)W(K3)] .4 dq
KzK3(q p —i e)— (28)

Putting (25) and (27) in (18) we get

faz ——cos(K R)[2faz(Z)+faz(Z)] . (29)

tween fG' and fG'(Z) for n )3, we take

fM'c; ——cos(K.R) fai'(Z)+faz(Z)+ g fG'(Z)
The difference in the structures of (14) and (29)
arises due to double scattering represented by the
term faz(Z).

It is well known that the united atom limit
(R =0) of the hydrogen molecule is the helium

atom. In this limit go( r z, r z) given by (8) reduces
to U(rz)u(r3). Therefore, setting R =0 in (14) and

(29) we obtain

ll &3

(34a)

Using (2) and (3), Eq. (34a) may be rewritten as

fM'o ——cos(K.R)[fG'(Z) —fG z(Z) +faz (Z)],
(34b)

fa i'(» =2fa i(» (30)
where the terms of the parenthesis are given by

fx'(» =2fx (»+fx(» . (35)

faz (Z) =2faz(Z)+ faz(Z), (31)

where fa i (Z) and faz (Z) are the scattering ampli-

tudes in the first and the second Born approxima-
tions, respectively, for an electron scattered by a
helium atom represented by u(rz)U(r3). Hence (14)
and (29) reduce to

The expressions for fG(Z), foz(Z), and faz(Z) are
well known. fG(Z) is evaluated following Sur
et al. , and the expressions for fGz(Z) and faz(Z)
are given by

fGz(Z) =2i[I(a,P)—a D~I(a, P)

13zDttI(a, p)+a p—D~DttI(a, 13)]

fai' ——cos(K R)fai'(Z)

faz ——cos(K R)faz(Z) .

(32)

(33)

and

fa z (Z) =8[Ak (a,P) —a D Ak, (a,P)

pzDttAk (a,p)+a 13—D DpAk (a,13)],

Gn the assumption that similar relations hold be- (37)
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where D indicates the partial differential B/B(a )

and a=P=2Z. Also we have defined

I(a,P) = 1

~ko (
~

k —q ~
+a )(q +p )

(38)

where K and q are two-dimensional vectors per-
pendicular to the Z axis. By the usual technique
one obtains

averaging over all the orientations of the molecular
axis yields

r

I,(&)=—, 1+ — ~f"' (Z) —go'(Z) ~'.

(43)

Furthermore, the imaginary parts of the forward
amplitudes of

with

2 I'+E'+a'+P'
koP 2aP

(39)

Hz[fMo(Z) —goo(Z)1K=0

for electrons and

[fMQ(»lac =o

p2 (g 2+&2+p2)2 4a 2p2

Note that for a=0 and/or p=O, I (a,p) diverges.
However, as mentioned by Yates, ' for the particu-
lar combination of integrals appearing in fG2(Z),
both the infinities cancel each other exactly. Simi-
larly, we have defined

Ap(a, p) = 1 lq
2H (q p ie—)(K2—+u )(K3+P )

H2 ~

The value of fMo in the forward direction (K=0)
is obtained by using the expressions for the terms
of (34b) in the forward direction. An analytical
expression for

[fG(Z) —fG2(Z)]

in the forward direction, recently developed by us,
has been used to obtain

for positrons are converted into total scattering
cross sections through optical theorem.

CALCULATIONS, RESULTS, AND DISCUSSION

We have calculated IH (8) from (43) for the in-

cident energies varying from 50 to 1000 eV. In
Figs. 1 to 3 our results for 50, 100, and 400 eV are
shown along with the absolute experimental data
of van Wingerden et al. and renormalized data of
Fink et al. and Lloyd et al. Except at 50 eV, the
present results for 100 and 400 eV, and also for
200 and 1000 eV (not shown), are in good agree-
ment with the experimental data. At 50 eV our
MG results for e-H2 elastic scattering overesti-
mates the differential cross sections. It is well
known' that methods such as MG and the

20—

[fG'(Z) —fGP»le =o

The expression for fs2(Z) is well known.
Now, like the direct Glauber amplitude, the

Glauber-Ochkur (GO) exchange amplitude for H2
may also be assumed to be given by

H

goo =cos(K'R)gQQ (41)

where goo is the corresponding GO exchange am-
plitude for the helium atom, the expression for
which may be obtained following Dewangan and
Khayrallah is given by

r

a 1 (1—iri) ig(a E) 2a— —
(2~)ITJk 2 (~2++ 2)2 l'o—

Vl
in

10—

I-
X
UJ

Li
L,
IL
o

I

20
ANGLE OF SCATTERING (deg )

where q = —1/ko.
Finally, the substitution of (34b) in (1) and

(42) FIG. 1. Differential cross sections for electrons elas-
tically scattered by hydrogen molecules for incident en-

ergy 50 eV; 4: experimental results of Lloyd et al.
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40

FIG. 2. Same as Fig. 1 for 100 eV; 0: experimental
results of van Wingerden et al. ; )(: experimental re-
sults of Fink et al. as renormalized by van Wingerden
et al.

eikonal-Born series for e-He scattering become less
reliable as the incident energy decreases below 100
eV. Thus the poor agreement between our MG re-
sults and experiments at 50 eV is not unexpected.

To examine the effect of multiple scattering we
have shown in Table I the values of the ratio
IMoiIt&M as a function of the scattering angle 8
at different impact energies. The values of I~M
are taken from Jhanwar et al. Equations (34b)

FIG. 3. Same as Fig. 2 but for 400 eV.

where f' arises due to multiple scattering. Hence
we get

IMc =1+
I +xw.M I

IMAM

where

and (4l) show that the total scattering. amplitude,
including exchange, may be written as

FMo ——cos(K R)(EmM+f'),

TABLE I. Ratios of differential cross sections in MGA to that in IAM for electrons
elastically scattered by hydrogen molecules for incident energies 50—1000 eV.

Angle
(deg) 50 ev 200 eV 400 eV 1000 eV

5
10
15
20
30

. 40
50
60
70
80

100
120
140
160
180

0.92
0.91
0.90
0.89
0.83
0.90
0.92
0.94
0.96
0.98
1.01
1.03
1.04
1.05
1.05

0.95
0.94
0.93
0.91
0.89
0.88
0.86
0.85
0.84
0.83
0.79
0.75
0.72
0.70
0.69

0.99
0.97
0.95
0.94
0.92
0.91
0.91
0.91
0.91
0.91
0.90
0.90
0.90
0.89
0.89

1.01
0.98
0.97
0.96
0.96
0.97
0.98
0.99
1.01
1.02
1.04
1.06
1.07
1.08
1.08

1.00
0.99
0.98
0.99
1.00
1.01
1.03
1.03
1.04
1.05
1.05
1.05
1.06
1.06
1.06
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TABLE II. Total cross section (in units of ao) for e —+-H2 scattering.

Present
For electron
Ref. 12 Ref. 13 Ref. 14

For positron
Present Ref. 14

100
150
200
300
400
SOO

700
1000

9.57
7.45
6.11
4.52
3.61
3.02
2.29
1.70

9.80 9.01
7.13
5.76
4.36
3.4S
2.97
2.28

9.14
7.07
5.96
4.50
3.57
3.04

9.52
7.43
6.10
4.51
3.61
3.02
2.29
1.70

9.57

6.11
4.52
3.57
3.07

The magnitude of b/
~

F&AM
~

is expected to de-
crease with the increase of the incident energy.
Our results in Table I clearly show such a behavior

at all scattering angles for E) 100 eV. We also
notice that at 100 and 200 eV, b remains negative
throughout, and the magnitude of b, /

~
F,~M ~

continously increases with the scattering angle.
However, at higher impact energies as we11 as at 50
eV, 6 passes through zero at some intermediate
scattering angle. Because of this, at large angles,
the effect of multiple scattering for 50 eV is small-
er than those for higher impact energies. A simple
explanation for this type of variation of
b, /

~
Ft&M

~

with energy and angle remains ob-
scure. However, in general, the values of the ratio
is close to unity indicating that the effect of multi-

ple scattering is small, in agreement with the find-
ings of Hayashi and Kuchitsu" who found the ef-
fect of double scattering for H2 to be less than 3%.
We also note that at large angles IMG is not in as
good agreement with the experimental data as IMAM

is. This may be due to the use of SAA and the re-
placement of K2 by zero and K3 by K in the phase
terms of (23) and (26).

Since at 50 eV MGA highly overestimates the
differential cross sections, we have shown in Table
II total cross sections only for E & 100 eV which
may be regarded as reliable. We have obtained the
total cross sections from the imaginary part of the
forward elastic scattering amplitude via optical
theorem, and have compared them with experimen-
tal data which have become available only recent-
ly. ' ' There are no other theoretical values
available for comparison. Table II shows that our
values for the electron as well as positron scatter-
ings are in good agreement with the experimental
data. Our values for the electrons are consistently
slightly higher than the experimental values of van
Wingerden et al. ' and Hoffman et al. ,

' the data

of Hoffman et al. being closer to our values at all
energies except at 150 eV. The maximum differ-
ence between our values and those of van Winger-
den et al. is about 5% in 100—700 eV range; the
agreement of 700 eV is almost perfect. The agree-
ment between our results and experimental data of
Hoffman et al. for positron scattering is again very
good.

It may also be observed from Table II that the
ratios R =(Qr), +/(Qz ), are close to unity
theoretically as well as experimentally. However,
theoretical values of R are always less than or
equal to unity, whereas experimental values as ob-
tained from the data of Hoffmann et al. are al-
ways greater than or equal to one. We note that
the experimentally' ' determined ratio R for oth-
er targets such as He, Ne Ar, Kr, and N2 all exhi-
bit the same trend as that given by our theory.
One of the sources of error in the experimental
measurement of the total scattering cross section'
is the partial neglect of the small-angle elastic
scattering. The error, being different for electrons
and positrons, may be responsible for giving the
opposite experimental trend for H2.

Finally we conclude that the modified Glauber
approximation can be employed with success to ob-
tain differential and total cross sections for
electron-molecule scattering in the intermediate-
energy range. Hence the extension of present in-
vestigation, preferably with a better exchange ap-
proximation to other molecular scatterings, will be
of interest.

ACKNOWLEDGMENTS

We are thankful to Professor T. S. Stein for sup-
plying copies of manuscripts of Refs. 14 and 15
prior to publication. One of us (B.L.J.) wishes to
express his gratefulness to Professor W. J. Meath
for providing facilities for this work.



B.L. JHANWAR, S. P. KHARE, AND M. K. SHARMA 26

'Permanent address: Department of Physics, Mahanand
Mission Harijan College, Ghaziabad-201001, India.

See, for example, B. H. Bransden and M. R. C.
McDowell, Phys. Rep. C 30, 207 (1977); S. P. Khare
and P. Shobha, J. Phys. B 4, 208 (1971);T. T. Gien,
ibid. 9, 3203 (1976); Phys. Rev. A 16, 123 (1977); ibid.
16, 1736 (1977); ibid. 16, (1977).

See, for example, S. P. Khare and P. Shobha, J. Phys.
B 7, 420 (1974); B. L. Jhanwar, S. P. Khare, and M.
K. Sharma, Pramana 14, 201 (1980); D. G. Trihlar
and J. K. Rice, Phys. Lett. 47A, 373 (1974); D. G.
Truhlar and M. A. Brandt, J. Chem. Phys. 65, 3092
(1976); K. Onda and D. G. Truhler, ibid. 69, 1361
(1978); 72, 4259 (1980);J. R. Rumble, Jr. and D. G.
Truhlar, J. Chem. Phys. 72, 3206 (1980); 72, 5223
(1980).

'

B. L. Jhanwar, S. P. Khare, and M. K. Sharma, Phys.
Rev. A (in press).

~B. L. Jhanwar, S. P. Khare, and M. K. Sharma, Phys.
Rev. A 22, 2451 (1980}.

5S. P. Khare and B. L. Moiseiwitsch, Proc. Phys. Soc.
(London) 85, 821 (1965).

6D. P. Dewangan, Phys. Lett. 56A, 279 (1976); G.
Khayrallah, Phys. Rev. A 14, 2064 (1976).

~B. van Wingerden, E. Weigold, F. J. de Heer, and K. J.

Nygaard, J. Phys. B 10, 1345 (1977); M. Fink, K.
Jost, and D. Herrmann, Phys. Rev. A 12, 1374 (1975);
C. R. Lloyd, P. J. O. Teubner, E. Weigold, and B. R.
Lewis, ibid. 10, 175 (1974).

B. L. Jhanwar and S. P. Khare, Phys. Lett. 50A, 201
(1974).

S. K. Sur, S. C. Mukherjee, and 1V. C. Sil, Phys. Rev.
A 18, 2384 (1978).

1oA. C, Yates, Chem. Phys. Lett. 25, 480 (1974).
S. Hayashi and K. Kuchitsu, J. Phys. Soc. Jpn. 42,
1319 (1977).

G. Dalba, P. Fornasini, I. Lazzizzera, G. Ranieri, and
A. Zecca, J. Phys. B 13, 2844 (1980).
B. van Wingerden, R. W. Wagenaaraand, F. J. de
Heer, J. Phys. B 13, 3481 (1980).
H. R. Hoffman, M. S. Dababneh, Y. F. Hsich, W. E.
Kauppila, V. Pol, J. H. Smart, and T. S. Stein (private
communication); W. E. Kauppila, T. S. Stein, J. H.
Smart, M. S. Dababneh, Y. K. Ho, J. P. Downing,
and V. Pol, Phys. Rev. A 24, 725 (1981).

I5T. S. Stein and W. E. Kauppila, Progress Reports on
the XII International Conference on the Physics of
Electronic and Atomic Collisions, Gatlinburg, Tennes-
see, July 15—21, 1981 (in press}.


