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Elastic scattering of electrons and yositrons by lithium
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The differential cross sections for the elastic scattering of electrons and positrons by lithium are calculated for
energies ) 10 eU in the corrected static approximation and in an approximation which combines the contribution of
the nonstatic parts of the higher-order {n& 3j terms in the Glauber sense with the corrected static contribution. The
latter approach yields results which are better when compared to those in the eikonal-Born-series approximation in

the entire angular range for the energies where data are available. Results for the total elastic-scattering cross
sections in the energy ranges of 10-200 eU, have also been reported. The present results are in reasonably good
agreement with the absolute measurements of%'illiams et al. and other theoretical results.

I. INTRODUCTION

During the last few years the scattering of elec-
trons by lithium has received a good deal. of atten-
tion by various authors. Recent direct measure-
ments of angular distribution for elastic scatter-
ing of electrons by lithium by Williams et g/. ' in
the medium energy range has further stimulated
the study. The early works due to Burke and Tay-
lor, ' Dai and Stauffer, ' Walters, 4 Sarkar et gE. ,

'
and Inokuti and McDowell' for the total elastic-
scattering cross section are not in good agree-
ment with the experimental findings. Waltex s '
investigated this problem afresh and calculated
the total elastic-scattering cross section by gen-
eralizing the Inokuti and McDowell model and
al.lowing explicitly for the open channels and other
nonadiabatic effects. He obtained cross sections
which are consistent with the earlier calcula-
tions. '4 Vanderpoorten' studied this process
using a, local optical potential model, accounting
for the polarization, excitation, and exchange
effects, and calculated the differential cross sec-
tion (DCS) at 60 eV. His results are not different
from the frozen-core Qlauber results of Walters.
Quha and Qhoshe have used an integral. form of
the close-coupling treatment including the effect
of polarization potential in the sense of Temkin's'
approach.

Apart from these studies, the problem of elas-
tic scattering at medium energies may also'"be
described by the eikonal-optical model (EOM),
the second-order potential (SOP) model, eikonal-
Born-series (EBS) approach, modified Glauber
(MG) approach, and the two-potential approxima-
tion (TPA). These have been found to be quite
successful in describing the elastic and inelastic
scattering of electrons by hydrogen and helium.
A recent review article by Bransden and McDow-
ell. "deals very exhaustively with various theoret-
ical procedures.

I.et us Look at the EBS approach. This ap-
proach, due to Byron and Joachain, "basically
combines the Born and Qlauber series to obtain
a. consistent approximation to the scattering amp-
litude valid through order k&~ (k,. being the wave
number of the incident particle) and relies on the
convergence of the Boxn series. Recently it has
been found" that for the intermediate-energy
elastic scattering from the 2s state of hydrogen,
the convergence of the Born series is much slow-
er, particularly at large momentum transfers.
Higher-order Born terms should therefox e be
included in some sense. One may exactly calcu-
late the contribution of the static interaction to all
orders and add to it the nonstatic part of f~ (sec-
ond-order Born term) to obtain the so-called cor-
rected static (CS) approximation of Buckley and
Walters"

f =f.t+(fs2-f s'2) ~

This approach does not include the contribution
from the nonstatic part of the third- and higher-
order terms which may be quite important. In the
case of elastic scattering from the 2s state of
atomic hydrogen, the real part of the scattering
amplitude is found to be dominated by fe, (third-
order Gl.auber term) in the intermediate- and
large-angle region. The corrected static approx-
imation may be improved upon by adding to it the
contribution from the nonstatic parts of the third-
and higher-order terms in (say) the Glauber ap-
proximation:

f=f a+(fs2-f'g'a)+(fo-fe2-f'g'+f ~). (2)

Equation (2} should lead to an improvement over
both the EBS and the CS approximations.

In this paper we study the elastic scattering of
electrons and positrons by lithium using Eq. (2)
along with the EBS, the static, and CS approxima-
tions [Eq. (1}]. The lithium atom is taken as a
one-electron system with inert core. In Sec. II,
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we give a brief description of the details of calcu-
lation. The results are presented and discussed
in Sec. III.

II. CALCULATION

The wave function of the lithium atom may be
expressed as

Q P, o'~c'.4,.(1)[0((2}4,.(2}—4')(8}Ai.(2}J
cyc

where Q is the spatial part of the one-electron
orbital and a and P refer to the components of the
spin part. These one-electron orbitals have been
taken from the table of Clementi and Hoetti. "
However, for the calculation of the second Born
term we have considered the lithium atom as a
one-electron system with inert core. The absolute
square of Q„atomic orbitals comes out to be

Ap ~P+ A&re
1

Q y e-ay
)- 2

(4)

Using Eq. (4) and following Byron and Joachain,
one can easily evaluate the simplified second-
Born (fs») (Eq. 2.8, Ref. 12) and corrected sec-
ond-Born (fs,) (Eq. 2.10, Ref. 12) terms. The
excitation energy m has been taken as 0.0754 by
using the polarizability sum rule a =((4',.

~

Z'
~

4', ))l
zo which asymptotically satisfies the long-range
behavior V(r) -—a/2r' with a = 164.68 a.u. (Ref.
16). The higher-order terms of the Glauber ser-
ies, i.e., f» and fo„are evaluated following
Yates. " The scattering amplitude f„ in the static
approximation is obtained by solving the radial
Schrodinger equation (I ~ 20) for the static inter-
action which is defined as

(1) and (2). The exchange contribution in the EBS
approach is taken in the Ochkur approximation.

III. RESULTS AND DISCUSSION

2x10

10 E 20 eV

A. Electron-lithium scattering

We have shown in Fig. 1 the variation of various
components of the elastic-scattering amplitude
with scattering angle at 20 eV. It is seen that
Refs, falls off rapidly with 'the increase in the
scattering angle compared to other amplitudes
(f», Imf», and f~). Further it is found that
Ref&» differs from Refs, by 5% in the small-angle
region and quite a bit for large scattering angles.
On the average this difference is approximately
50% beyond 80 . The situation is not very much
different at 60 eV. The scattering amplitude at
large angles is dominated by fo,. This feature is
also observed by Joachain et pl. " in the case of
intermediate-energy elastic scattering of elec-
trons from 2s-state atomic hydrogen and is an
indication of poor convergence of the Born series.
In order to probe as to whether this poor conver-
gence is mainly due to the nonstatic or the static
parts of the higher-order terms, we have looked
at the real. and imaginary parts of the third term
in Eq. (2). Figure 2 shows that their contribution
to the total scattering amplitude is very little be-
yond about 60 . In the case of elastic scattering
from the 2s state of atomic hydrogen at E =200
eV, their contribution drops to insignificant val-
ues beyond about 20' (Fig. 3). This indicates that
fairly good convergence could be obtained if the
static-interaction contribution is taken out and
evaluated exactly. Equation (2} should tend to

(5)

Finally, the effect of exchange is taken into ac-
count through the exchange pseudopotential of
Furness and McCarthy

10

(6) 40 60 80
e (deg)

100 120 140

It is included in the Schr6dinger equation along
with the static interaction. The (+) denotes sing-
let states and (-) triplet states. No account of
exchange is taken in the correction terms in Eqs.

FIG. 1. The elastic scattering amplitude for electron-
lithium scattering at 20 eV. Solid curve; f~~, dash-dot
curve: Ref~2: Dash-cross curve: Ref882,. dash-double
dot curve: Imf~2, broken curve: -f~.
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FIG. 2. The elastic scattering amplitude for electron-
lithium scattering at 20 eV. (a) Contribution of f,,
+ (f~2-f ~2). (b) Contribution of (fz-f~ -f&+fz'~).
Solid curve: real part; broken curve: imaginary part.

reasonably good results at large scattering angles
even in situations where the EBS method does not
work.

Figures 4-7 show our differential. cross sec-
tions for elastic scattering of electrons from the
ground state of lithium at 10, 20, 60, 100, and
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FIG. 4. The elastic differential cross section for elec-
tron-lithium scattering at 10 eV. Solid curve: present
calculation; dash-dot curve: results in corrected static
approximation; dotted curve: results in static approxi-
mation; broken curve: EBS results; dash-cross curve:
results of Guha and Ghosh (Ref. 9); ~: experimental data
of.Williams et al. (Ref. 1).
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FIG. 3. The elastic scattering amplitude for electron-
2s atomic hydrogen at 200 eV. Same as Fi.g. 2.
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FIG. 5. Same as Fig. 4 but at 20 eV.
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FIG. 7. Same as Fig. 4 but at 100 and 200 eV.

FIG. 6. Same as Fig. 4 but at 60 eV. Dash-double dot
curve: results of Vanderpoorten ref. 8).

200 eV, along with the available experimental data
and other theoretical results. It is worth mention-
ing that Williams et al. ' have normalized their
elastic- and inelastic-scattering data to the dif-
ference between the total cross section of Kasdan
et gl. "and the ionization cross section of Alek-
sakhin et al. at each impact energy. This intro-
duces an overall error of about +35% in their
normalization. Recently Tino et al. "measured
electron-lithium total cross sections up to 10 eV
and found an excellent agreement with the close-
coupling calculations. The data of Tino et gl. "
are about 35'fo lower than the earlier data of Kas-
dan et al. " This would affect the Williams et al. '
cross sections definitely at 10 eV and perhaps at
20 and 60 eV as well.

It is evident from Figs. 4 and 5 that the present
calculations using Eq. (2) and the CS approxima-
tion, Eq. (1), are quite successful in reproducing
the shape of the experimental curve. It is seen
that, at 10 eV, the present results show a very
good agreement with the experimental data up to
50; thereafter at intermediate angles they deviate
from the experimental data but again yield a good
agreement in the region of large scattering angles.
The minimum is predicted at 80', whereas the
experimental data show it at 90 . The CS results
closely follow the results of Eq. (2}. They over-
estimate the experimental result by a factor of 3
in the region beyond 10, although the minimum is
reproduced in agreement with the experimental
data. The results of Guha and Ghosh' overestim-
ate the DCS in the entire angular region. The sit-
uation at 20 eV is very much similar. The results
obtained from Eq. (2) and the CS approximation
compare very well with each other at all scatter-
ing angles. The shallow experimental minimum
is well reproduced by both the results. We have
also displayed the results obtained in the static
approximation. It is seen that it gives a good
account as expected at large angles, both at 10
hnd 20 eV. The results of Guha and Qhosh over-
estimate the DCS for scattering angle less than
about 20' but show a better agreement with exper-
imental data compared to the present results in
the region of scattering angle 50' to 100'. The
trend of results at 60 eV (Fig. 6} is very different
compared to that at 10 and 20 eV. All the results
remain higher in magnitude beyond 20 . Among
these, the local optical-potential results of Van-
derpoorten are very close to the experimental
data. However, the present results give a reas-
onably good agreement below 20'. Further it is
observed that the EBS results show a poor agree-
ment as expected at 10 and 20 eV. The situation
improves as one goes to higher energies, i.e. ,
~ 60 eV. Figure 7 shows the DCS at 100 and 200



ELASTIC SCATTERING OF ELECTRONS AND POSITRONS BY.. . 1821

eV. As there is no data available at these ener-
gies, it is rather difficult to assess the reliability
of the EBS procedure.

2
7x 10

B. Positron-lithium scattering

The study of positron-lithium scattering is sim-
pler compared to electron-lithium scattering be-
cause of the absence of exchange contribution.
Although the experimentaMata for this process
are not available for comparison, nevertheless
our calculation would provide a new set of theor-
etical results which are differenct from those ob-
tained in other models. Thus we believe that
inter comparison of the results of different approx-
imations would be meaningful on lines similar to
electron-lithium scattering.

Figure 8 displays our results for e'-lithium
DCS at 10 and 60 eV. We have also shown the
theoretical results of Sarkar et al. ' obtained in
eikonal and polarized first-Born approximation
at 10 eV. It is seen in the present calculations
that both the CS approximation and Eq. (2) show
a smoother behavior for the DCS. This feature
is in agreement with the results of e'-hydrogen
and -helium elastic scatterings. The CS results
overestimate the DCS on the average by a factor
of 2 compared to the results from Eq. (2) in the
entire angular region. However, this difference
narrows down considerably at 60 eV but still re-
mains quite distinct at large scattering angles.
Further, it is al.so seen in the region of 5 to 20'
that the present calculations are smal. ler compar-
ed to the eikonal and polarized first-Born-approx-
imation results of Sarkar et al, . ' Their results
show peaks in contrast to the present calculations.
The present calculations differ considerably
when compared with e -lithium scattering results
(Figs. 4 and 7) at all scattering angles.

C. Total elastic cross section

Tables I and II show our total elastic cross-
section results at 10, 20, 60, 100 and 200 eV.

10

10

0

4
0

10

10

2x10
5 20 40 60 80 100 120 140

e (deg)

The measured values of Williams et al. ' along
with other theoretical results are also included
for comparison. It is seen that our results [Eq.
(2)] compare well with the experimental data.
The extent of agreement may, however, have to
be revised in light of the recent measurements

FIG. 8. The elastic differential cross sections for
positron-lithium scattering at (a) E =10 eV and (b) E =60
eV. Solid curve: present calculation; dash-dot curve:
results in corrected static approximation; double dash-
dot curve: results of Sarkaret al. in polarized first-
Born approximation at 10 eV, triple dash-dot curve:
results of Sarkar et al. in eikonal approximation at 10
eV |Ref. 5).

TABLE I. Total elastic cross sections (in units of ~ao for elastic scattering of electrons
by lithium: GG, results of Guha and Ghosh (Ref. 9); MS, results of Mukherjee and Sural
(Ref. 22); TS, two-state close coupling results of M. R. Issa (unpublished, see Ref. 11).

Energy (eV)

Present
results
Eq. (2)

Present
results

in CS
approximation TS

Experimental
data of

Williams
et al.

10
20
60

100
200

52.33
19.22
5.42
3.18
1.54

87.32
27.50
6.37
3.54
1.64

84.91
48.11
15.72

29.5
12.7

2.16
1.13

22.0
12.0
4.7

45.6
21.7
5.1
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TABLE II. Total elastic cross sections (in units of
mao) for elastic scattering of positrons by lithium. MS;
results of Mukherjee and Sural (Ref. 22).

Energy (eV)

Present
results
Eq. (2)

Present
results in

CS approximation MS

10
20
60

100
200

23.95
9.14
3.33
2.13
1.14

53.44
16.87
4.20
2.45
1.22

21.80
9.63

2.15
1.17

of Tino et al. ' The CS results are higher than
those from Eq. (2} but approach them as the ener-
gy increases. A similar trend exists for positron-
lithium scattering. The overall magnitude of the
positron elastic scattering is smaller by a factor
of 2 compared to the electron scattering. The
present results for positron-lithium scattering
are in fairly good accord with the theoretical re-
sults of Mukherjee and Sural" using an integral
approach to the second-order potential method.

In summary, we have analyzed the electron-
and positron-lithium elastic scattering in correct-

ed static and in an improved approximation which
includes nonstatic parts (in the Glauber approxi-
mation) of the higher-order terms A. t lower en-
ergies, i.e. , around 10 eV, the convergence of
the Born series is poor and hence it must be sum-
med up in some sense. The correction terms in
Eq. (2) do this job. At higher energies the results
obtained from Eq. (2) and the CS approximation
are very close to each other. This is indicative
of a better convergence, as expected, of the
multiple-scattering series at higher energies.
Above 20 eV, therefore, the CS approximation is
good enough. The results, of course, may be
further improved if the two core electrons of lith-
ium are also included in the calculation off~. It
should improve the contribution from close-en-
counter collisions. We find that the present ap-
proximation is quite successful in predicting the
elastic differential cross sections for a wide range
of energy.
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