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Elastic scattering of electrons and positrons by the cadmium atom
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Elastic scattering of electrons and positrons by the cadmium atom is studied. A real optical po-
tential is used to calculate the phase shifts of the first few partial waves. Then the differential cross
sections (DCS's) are calculated from the formula given by Nesbet [Phys. Rev. A 20, 58 (1979)]using

the calculated phase shifts of the first few partial waves. The calculations are performed at incident
projectile energies of 40, 60, 75, 85, 100, and 150 eV, where the experimental DCS measurements for
electron scattering are available. The agreement between our calculated DCS and the available ex-

perimental DCS is reasonable at lower energies and very good at higher energies. Total cross sec-
tions are also obtained, but no other results, theoretical or experimental, are available for compar-
ison with them.

I. INTRODUCTION

Recently Nogueira et al. ' reported the first absolute
elastic diff'erential cross sections (DCS) for electron-
cadmium scattering at incident energies of 60, 75, 85,
100, and 150 eV. Relative DCS measurements for elastic
electron scattering by the cadmium atom have also been
reported by Marinkovic et al. for 40-eV impact energy.
These DCS results show interesting structures, but so far
there is no theoretical calculation in the literature to
confirm or compare these experimental predictions, to
our knowledge. Since the differential cross sections pro-
vide more rigorous testing for theories and experiments,
as compared to the total cross section (TCS), it may be of
great interest to present the calculated DCS of electrons
from cadmium. Recent various efforts to generate in-
tense positron beams have led to many exciting develop-
ments in positron-scattering experiments, particularly
from atoms and molecules. As a result, direct measure-
ments for the DCS of positrons elastically scattered from
heavy atoms are now becoming available. Therefore it is
also desirable to present the calculated DCS for positrons
scattered from cadmium.

The optical model potential approach (OMPA) has
proved to be quite successful and attracted considerable
interest in the past few years to study electron (or
positron)-atom elastic scattering. In general, for
short-range interactions between projectile and target
only a finite number of partial waves make contributions
to the scattering amplitude, and the number of contribut-
ing partial waves increases with an increase in impact en-
ergy. If the projectile-target interaction has a long-range
tail, then, in principle, an infinite number of partial waves
will contribute to the scattering amplitude. Some recent
works ' use methods that include the contributions of
higher partial waves to the elastic scattering amplitude
for long-range interactions.

In this paper we aim to present calculations for the
elastic scattering of electrons and positrons by the cadmi-
um atom through the OMPA. The phase shifts 51 of the
first few partial waves (say, x) depending upon the in-

cident projectile energy have been calculated exactly and
the phase shifts of the higher partial waves (say from
x+ I to infinity) are estimated using the closed-form ex-
pression obtained by Thompson" for the 1/r potential.
Thus the DCS's are calculated from the formula given by
Nesbet' using the partial-wave phase shifts 6I up to
l =x. The results are obtained at incident projectile ener-
gies of 40, 60, 75, 85, 100, and 150 eV in order to explore
the suitability of the present method by comparing these
results with the available DCS measurements. The TCS's
are also obtained at these energies but no other results,
theoretical or experimental, are available for comparison
to our knowledge.

II. THEORY

In OMPA the basic idea is to analyze the elastic
scattering of a particle from a complex target by replac-
ing the complicated interactions between the beam and
target particles by an equivalent suitable model potential
in which the incident particle moves. Thus once the opti-
cal model potential is defined, the original many-body
elastic scattering problem reduces to a one-body problem.
Then the differential equation for the scattering of projec-
tile electron (positron) can be given by (atomic units are
adopted throughout)

[V' +k —2V,u, (r)]g(r) =0 .

Here, k is the incident wave vector of the projectile.
V, ,(r) is the optical potential of the system which we
have chosen for the present calculation as

V, , (r) = V„(r)+ V,„(r)+V „(r),
where V„(r) is the static potential given as usual by
(i

~
V~i ), with i representing the ground state of the cad-

mium atom and V is the Coulomb interaction potential
between projectile and target. V,„(r) refers to the ex-
change potential and is absent for positron scattering. In
general exchange potential is nonlocal but it is converted
into an equivalent local exchange potential following
Vanderpoorten' as
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V,„(r)= —,'( [—,
' k —V„(r)] III. RESULTS AND DISCUSSION

—
[ [—,'k —V„(r)] + 8mp(r)] '~~) . (3)

ad
V I(r) =

4
1 exp

2r
(4)

Here ad is the dipole polarizability of the cadmium atom
and its value (43.7) is taken from the literature. ' r,
(=2.006) is the cutoff' parameter determined by the posi-
tion of the last maximum of the absolute value of the
outermost wave function. g is an energy-dependent ad-
justable parameter determined by fitting our calculated
DCS for the elastic scattering of electrons by the cadmi-
um atom with the available experimental values of the
same at a particular energy. (In the present calculations
the value of g varies from 3.9 to 3.0 and it decreases with
increasing energy. )

After defining a suitable choice for V, , (r), as given by
Eq. (2), we substitute it into Eq. (1) and using the stan-
dard partial wave expansion for 1((r) we get

Here p(r) is the spherical one electron charge density of
the cadmium atom. For the evaluation of V„(r) and

V,„(r), we have used multi-g Hartree-Fock wave func-
tions of the ground state of the cadmium atom compiled
by Clementi and Roetti. '

Also, to include the polarization effect from the target
atom, V,I(r) is the polarization potential used previously
by Madison and Shelton' and Srivastava and William-
son, Jr. ' having the functional form

We present in Figs. 1 —6 and Table I our various calcu-
lated results. Figures 1 —6 also compare our results with
the available experimental results.

In Fig. 1 our DCS for the elastic scattering of electrons
by cadmium atom at 40 eV are compared with the avail-
able relative DCS of Marinkovic et aI. , which we have
normalized to our results at t9=35 for purpose of com-
parison. It is found that our results are in good agree-
ment with the experimental data up to a scattering angle
of 85'. Also our results show minima at nearly the same
scattering angles as predicted by experiment. In the an-
gular region 85 —145' our results are found to be lower
than the experimental data.

In Figs. 2 —6 our DCS for the elastic scattering of elec-
trons by the cadmium atom at energies of 60, 75, 85, 100,
and 150 eV, respectively, are compared with the corre-
sponding absolute DCS measurements of Nogueira
et al. ,

' which are available only up to scattering angles
of 70. Our results at these energies also show similar
structures as shown by the experiment and our results at
a 40-eV impact energy. Only at higher energies of 100
and 150 eV we see that the second and/or third minimum
changes into more dips. At all energies our results show
the first minimum nearly at the same scattering angle as
predicted by experiment. At 60-, 75-, and 85-eV impact
energies our results are found to be in good agreement
with the experimental data up to scattering angles of 45'

3
10 ~

d k2 )
l(l+1)

dr2 ~ r2 u, (r)=0,

where u&(r) is solved so that it represents the radially
scattered asymptotic wave function expressed as

1 . Im.
u&(r) — —sin kr — +5&r-~ k 2

i L
Ql

pv 00

2
10

where 5& is the phase shift corresponding to the lth par-
tial wave. The scattering amplitude is obtained using the
following expression given by Nesbet

1 id(f ( 9)= —g ( 21 + 1 )e 'sin6&PI ( cos0)
k I=a

g P, (coso)2, , (2l +3)(2l —1)

(7)

where the value of x is 2 for 40-eV; 5 for 60-, 75-, and 85-
eV; and 6 for 100- and 150-eV projectile impact energies,
respectively. This different choice of x for calculations at
different energies in the present work is consistent with
the earlier statement that for short-range interactions the
number of contributing partial waves increases with the
increase in impact energy. The DCS and TCS are ob-
tained in the conventional manner from f (8).
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FIG. 1. Di6'erential elastic cross sections (in a& sr ') at 40
eV. , present results (for electron scattering);
present results (for positron scattering); ~, normalized experi-
mental results of Ref. 2.
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TABLE I. Total cross sections (in units of ma0) for elastic
scattering of electrons and positrons by cadmium atoms at vari-
ous energies.

10
0

40
60
75
85

100
150

30.25
9.24
8.59
8.31
6.64
6.05

25 ~ 1

7.73
6.77
6.36
5.14
4.35

-2
10

-3
2 x 10

0

from 4.52% at 40 eV up to 15.33% at 150 eV.
We have used the same static and polarization poten-

tials and the values of r, and g as in the case of electron-
cadmium scattering to calculate the DCS for the
positron-cadmium scattering, but the results were found
unsatisfactory with two many oscillations. Basu et al. '

also found out from their recent investigations for
positron-krypton elastic scattering and using almost simi-
lar type of polarization potential that the potential Vp ]
with a single cutoff' parameter is not suitable both for
electron and positron scattering in the case of heavy
atoms. So by changing the cutoff parameter only by
choosing g=1 at all energies, we have calculated DCS for
positron-cadmium scattering at 40, 60, 75, 85, 100, and

I I I I I

20 40 60 80 100 120 140 160 180
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FIG. 6. Differential elastic cross sections (in ao sr ') at 150
eV, same as in Fig. 2.

150 eV, and these results are displayed in Figs. 1 —6 along
with our electron scattering results. This choice of g in
expression (4) for V, ~

is found to produce satisfactory
TCS results for positron-cadmium scattering (see
proceeding discussion).

Finally, in Table I, our total elastic cross sections for
the scattering of electrons and positrons are shown. No
other results, theoretical or experimental, are available
for comparison. Our positron TCS are found to be lower
than our electron TCS at all energies. Even at 150 eV,
there is a difference of 1.70 a.u. between the positron and
electron TCS. The similar variation of total cross sec-
tions (TCS) have also been noticed by Khare et al. in
their calculations for elastic scattering of electrons and
positrons by calcium atom.

In the present calculations, we have not included the
absorption effect since the inclusion of absorption effect is
expected to increase the DCS in the forward direction as
noticed by Khare et al. '
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