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ABSTRACT

Differential .scattcring cross-sections for elastic scattering of positrons by some ght atoms,
(hydrogen, helium and lithium) are calculated in the incident energy (E) range 100 to 800 eV. These

studies are Ipade within the framework of high energy higher order Born and Glauber eikonal series
approximations. The results are in good agreement with other similar studies.

INTRODUCTION

TUDIES on posiiron scattering by atoms are as

important as electron scattering by atoms in
‘atomic physics’. Unfortunately studies on the cross-
sections for positron scattering by atoms are scarce
and only a very limited number of approximations are
applied for this study, particularly for helium and
lithium atoms. We have therefore attempted to extend
our studies'™'? for the present elastic process of
positron scattering by H, He and Li atoms. All
deficiencies in the Glauber!! and Glauber eikonal
series’ %' > approximations are superseded in the pre-
sent approximations, The advantages of HHORB'
approximation are (i) all the integrals in the scattering
amplitudes are finite (i1) the integrals obtained are in
the closed forms (iit) computational procedure is sim-
pler compared to other approximations (iv)results
obtained by this approximation are in good agreement
with the compared data. We have therefore applied
HHOB'* and GES'? approximations for the present
study. After the formulation of scattering amplitudes
the DCS™* (differential scattering cross-section for
positrons) results at a few incident energies for H, He,
Li atoms are given 1n table 1 along with other re-

sults'>-?°, Finally the present DCS* results are dis-
cussed with similar results?>:18.

THEORY

Let us consider the nonrelativistic scattering of a
positron by a neutral atom of atomic number Z ( = 1,
2, 3 in the present study). Atomi¢ units are used
throughout and correspondingly K;, K., and q = K,
~ K, denote, respectively, the initial and final mom-
enta of the scattering positron, and the momentum

transferred to the target as a result of the elastic

collision. Choose the nucleus of the atom as the origin
of our coordinate system. Letrgand v, (j=1,2,...

Z) be the coordinates of the incident positron and of
the atomic electrons. We also use X, + and -, to
represent the target coordinates and corresponding
terms for positron and electron scattering by atoms.

The basic idea for the present study is the nature of
interactions between the incident positron (or elec-

tron) and the target atom. These interactions, can be
given as
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The right side of (1) shows that the nuclear and
electrostatic terms are repulsive and attractive interac-
tions respectively. This situation 1s quite opposite. in
the case of electron interaction with atom (2). Now the
first Born amplitude can be obtained as
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where

V ¥(rg) = <Tf(x)l V*(IO.X)I‘P’,(X))

and ¥, (X), ¥;(X) are the final and innial state
wavefunctions?** ® of the target H, He, Li atoms, ).s
are exponential parameter of the target wavefunc-
tions**®, The real and imaginary parts of the second
Born approximations remain the same for both elec-

tcon and positron scattering. A general form of these
terms can be written as

Rel* f*2 [, y. B] = Rel f 13[4, ym B], (4)
Re2* £ (4, ya B] = Re2™ %), [ 4. y0, B]. (5)
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Table £ DCS* (af St~ 7% resuits for elasuc scattering of positrons by h ydrogen, heltum and hihium aroms.
Hydrogen, E = 200 eV Hydrogen, E = 400 eV Hellum, E = 400 eV Lithivm, E = 400 eV
Present Present Present Present
2, HHOB GES Otherst® HHOB GES HHOB GES Others!'? HHOB GES
5 1.7¢ 282 — 074-1 109 -— — 5.59—1 20.85 21.64
10 §62—-1 103 591 -1 588—~1 644-1 627—-1 704-1 405-1 523 5.49
20 396—-1! 452-1 250-1 1.78~1 198—1 322-1 355-) 1.84~-1 5591 6.59~1
30 [67—-1 205-1 —_ 5.51=-2 661-=2 155—1 1791 784-2 149-=1 204 -]
40 T4 -2 991—-2 4502 203-2 270-2 829-2 993-2 355-2 5§73-2 9.35—-2
SQ 339-2 833-2 - 868 -3 133-2 452-2 S827-2 178-2 2448--2 Si1-2
60 ]188~2 318-2 150-2 413-~-3 753-3 — e — — —
70 -— — —_— — —_ 1.77—=2 249-2 4§01-3F 366-3 201 -2
80 621-~3 144-2 54013 1.09-3 3.17-3 — — — — —
o0 — — — — ene 805—3 129-2 275-3 —_ 1.00-2
100 — — 2903 — —_ — —_ — — —
110 — — — —_ — 433-~3 7993 — — 601 -3
The symbol a+ b denotes a x 10 b
Im+ft2’ [Qi Yns B] - Im fﬁéh[qr yrn B]'.I (6) C‘}mpared WIth the available resultE Of Optical” aﬂd

Bisaverage excitation energy in the above terms (4), (5)
and (6) and the third second Glauber eikonal series? 2
terins can be written as

eikonal Born Series (EBS)!® methods. DCS¥ values of
the HHOB approximation are found to be smaljer

than GES values and nearer the compared!> 16 results.
The HHORB approximation, DCS?, for hydrogen.

faslay.] = —1"8sla ] (7)  atomisin good agreement with the compared'® results
and in the small and intermediate angular regions and the
SE2[q.y.) =Imf teald, ym B, results for hellum atom are satisfactory with the
compared®? results in this angular region. It is difficult
~Imtf D laym]  ©) P CR* o ticiee '

Using these modified scattering amplitudes {3) to (8}
for hydrogen', helium® and lithium® atoms, the DCS*
through order (K ) can be obtained in HHOB and

GES approximations from the following direct scat-
tering amplitudes.

“giﬂcm = UH” [‘L 3’!] + Rel” .(m [%Nm Bl
+Re*™ fO, (4,55 B+ £ E2[a, Ve

to comment on the DCS™ of lithium atom because of
the unavailability of data for comparison.

The present results could be further improved if we
consider the third Born term!* instead of the third
GES term'? in the present DCS* calculations. The
approximations employed can be easily extended to
the study of DCS™ for inelastic process?*°.
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Using (9) and (10), the DCS™* results are calculated for
hydrogen, helium and lithium atoms.

RESULTS AND DISCUSSIONS

Table 1 shows the present DCS* results for H, He
and Liatoms at incident energies 200 and 400 eV in the
angular range 8 < 110. These results for H, and He are
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ANNOUNCEMENT

INDIAN NATIONAL SCIENCE ACADAMY BAHADUR SHAH ZAFAR MARG,
NEW DELHI-11(0 002.

The Indian National Science Academy invites appli-
cations from deserving scientists for extending them
partial financial support to participate in important
international scientific conferences/symposia abroad
for 1985—86. Scientists interested to avail of financial
support from the Academy for international con-
ferences to be held during 198586 are requested to
apply in the prescribed proforma which can be
obtained from the Office of the Executive Secretary,
Indian National Science Academy, Bahadur Shah
Zafar Marg, New Delhi-110002.

The Conferences to be supported by INSA fall
under three different categories viz. Category I
International Conferences organised by the
International Council of Scientific Unions (ICSU) and
its affibated bodies, hence categorised as ICSU
Conferences; Category II: International Conferences
organised by other agencies, hence categorised as
Non-ICSU Conferences; Category III: Travel
Fellowship grant to Young Scientists below the age of
35 years for INSA-COSTED Travel Fellowship grant.

1. ICSU Conferences: Scientists who have been -
vited to deliver plenary lecture/preside over session or
whose paper has been accepted for presentation, and
who will also be provided subsistence allowance
during their stay abroad or other financial assistance
by some agency, will be given preference over others.
INSA’s financial support, 1n case of selectron. Is
Iimited to maximum half international travel plus half
maintenance allowance for the duration of the con-
ference and registration wherever necessary. The
prescribed application form duly filled in should be

despatched latest by 10th February, for consideration
at the meeting to be held during March, 1985.

II. Non-ICSU Conferences: Scientists who have been
invited to deliver plenary lecture/preside over session
or whose paper has been accepted for presentation and
who will also be provided subsistence allowance or
other financial assistance during their stay abroad by
some agency will be given preference over others.
INSA'’s financial support in case of selection is limited
to a maximum of Rs. 4,000/- only.

The application for any Non-ICSU Conference
should be received in the Academy two months prior
to the date of conference for consideration of the
Academy at some regular intervals during 1985-86.

I, Young Scientists Travel Grant. The applicants

intending to participate in international confer-

ences/symposia/short-term training programme (not

exceeding two months), workshop may send formal

request on prescribed proforma atleast 3 months prior

to the date of commencement of the conference.

Y oung Scientists should {ulfill the following eligibility

criteria before sending their applications:

(a) His/Her age should be 35 years or below on the
date of commencement of the conference.

(b) His/Her paper should be accepted.

(¢) His/Her local hospitality has to be borne by the
organisers or some other agency.

Candiadates selected will be supported {fully/
partially for their travel cost by INSA or jointly by
INSA-COSTED (Committee on Science & Tech-
nology in Developing Countries) as may be the case.




