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Elastic scattering of electrons by helium atoms 
in high energy higher order Born approximation
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Abstract.' The differentia] cross-sections for e-helium elastic scattering are calculated 
by using Yates high-energy higher order Born approximations, through 0 (K^) of the 
incident electron momentum, and comparisons have been made with the recent theore
tical and experimental results.
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1, Introduction

The development of theoretical methods for intermediate energy collisions is gaining 
importance. Glauber’s method, the modified Glauber’s method, the eikonal Born 
series method, the fixed-scatterer approximation, the higher order Bom approxima
tion, are some of the methods which have been applied successfully (Glauber 1959; 
Yates 1974; Byron and Joachain 1977; Ghosh 1977). Motivated to describe an alter
native approach for the high energy expansion of the differential scattering cross- 
section (dcs) in terms of reciprocal powers of Kh Yates (1979) has proposed the 
theoretical method of high energy higher order Bom (hhob) approximation. This 
method has an advantage in that the computation of the higher-order Bom approxi
mation terms is simpler. Further expressions for higher orders can be obtained in 
the closed form. The divergent integrals in the Glauber eikonal series (ges) method 
given by Yates (1974) are not present in this new treatment of hhob. This method 
is very much like the modified Glauber approximation and thus has many of the 
attractive features of the Glauber approximation.

In this paper we examine the elastic scattering of electrons from the helium atom by 
the hhob approximation method and compare the results with other recent theore
tical and experimental data. In § 2 the amplitude factors for the two terms in the 
hhob approximation are calculated using the Hartree-Foek wavefunction for the 
ground state of the helium atom. The results for the Hylleraas wavefunction are 
obtained as a particular case from the general results. In § 3 we discuss the results of 
the present calculations with the other and the experimental data.
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2. Theory

In the hhob approximation the scattering amplitudes are given by (throughout this 
paper atomic units are used).

f\X/ *0 exP 0'<rro) Vft (r0), (1)

Im/gL<tvu)r(<t-P-Si (;p + B, Q, (2)

CO

Re/^A = -Upf £; P+ftO
Kt J J (Pz — &t)

2tt2 q

Kf dBt

CO

(a - R|)
£$’(«-P-AfcP+A&» (3)

where q = K( — K/ is the momentum transfer to the target atom, Kt is the momentum 
of the incident electron, Bt = AEjKh is the average excitation energy of the target 
and the symbol is for the principal value of the integration.

Rft (ro) — <T/ (rls r2) | F [ Ti (rl5 r2)>, (4)

where V is the interaction between the incident electron and the target atom and is 
given by

V (r0> rv ra) = (5)

where r0, rx and r2 are the position vectors of the incident electron and the target
A

electrons with respect to the target nuclei. £ is a unit vector in the z-direction. The 
general form of is given in the appendix. Meanings of other symbols are same 
as in Yates (1979). We use the Hartree-Fock wavefunction for the ground state of 
the helium atom as given by Byron and Joachain (1973).

T Ox, ra) = <i>u (rj i>u (ra),

with 4>u (r) = ~ [A exp (...y’j) + B exp (—y'r)],
V4rr

A = 2-60505, B = 2-08144, y'x = 1-41, y't = 2-61.

The scattering amplitudes can be written as
t

8 fk+q%
__ “Hi1J J 1 (4 yl + (ff.

(6)

(7)



where

Elastic scattering of e~ by He atoms in’HHOB 311

*=1,2, 3,4
7-2,3,1,0

+ &kk j dp

/*[

[ yj X{AlBl A\BX y\ Ax Bx)

+ BkJ ykyj y* ,+ yj

+

:+■
tA'i B§ yj A\ B% yk As B\ ykyJAsBi

Re,/,?»i=sk. 2 Ms; a)*

)]■ (8)

*=1,2,3,4 
/=2,3,1,0

; (Bf, °)j

‘\dyk byk yty*)-bXzJ-—

bJ a2 i

wfc dyj y\ yj
hmiyl;4

D~ f(Sl _ 1
RCa /hea

?, 2, ,dBtlAk(dy)
2tt2 Kf

*=1,2,3,4 
7=2,3,1,0

h (Bi i 0) L Is {Bi; >|)_^
q* + yl yl

CBf,yd]

A = |q - P I2 + BI + yl; Bx = p* + B* + >«;
/

{Ck s, Ak’s, Bkk% and Bk/s are constants).

= [ q-p|2 + B\ + yj; B, ==/>2 + i?2 + j).

(9)

(10)



312 N S Mao and H S Desai

•o 'S
(,js |e)zyp/^p

(i-JS °e)yp/op

i i i r i m m ii nil ri : i i u irim m/ i rl U /

1-1. I irr-'I-' J_t ' I_____111.I.J.I...I ,.,1___I____ 111 I I I I I

10
'________

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

 ■
10

 20 
30

 40 
50

 60 
70

 80 
90

 100 
11

0 120
 130

Sc
at

te
ri

ng
 an

gl
e (

e)

Fi
gu

re
 2

. Dif
fe

re
nt

ia
l c

ro
ss

-s
ec

tio
ns

 fo
r t

he
 el

as
tic

 sc
at

te
rin

g 
of

 40
0 

eV
 

el
ec

tro
ns

 fr
om

 th
e 

gr
ou

nd
 st

at
e 

of
 h

el
iu

m
 a

to
m

. O, 
ex

pe
rim

en
ta

l d
at

a 
B

ro
m

be
rg

 (1
97

4)
. The

 re
m

ai
ni

ng
 re

fe
re

nc
es

 a
re

 sa
m

e 
as

 in
 fi

gu
re

 1.

Fi
gu

re
 1.

 Diff
er

en
tia

l c
ro

ss
-s

ec
tio

n 
fo

r t
he

 e
la

st
ic

 sc
at

te
rin

g 
of

 2
00

 e
V

 
el

ec
tro

ns
 fr

om
 th

e g
ro

un
d 

st
at

e o
f h

el
iu

m
 a

to
m

. Ful
l c

ur
ve

s; 
a a

nd
 b

 
pr

es
en

t c
al

cu
la

tio
ns

 us
in

g H
ar

tre
e-

Fo
ck

 an
d 

H
yl

le
ra

as
 w

av
ef

un
ct

io
ns

 
re

sp
ec

tiv
el

y,
 ch

ai
n c

ur
ve

; B
yr

on
 an

d J
oa

ch
ai

n (1
97

3,
 19

77
), b

ro
ke

n 
cu

rv
e;

 Si
ng

h a
nd

 Tr
ip

at
hi

 (1
98

0)
, e

xp
er

im
en

ta
l d

at
a:

 A 
Ja

ns
en

 et
 al 

(1
97

6)
, •R

eg
is

te
r e

t a
l (

19
80

).

10
 20 

30
 40 

50
 60 

70
 80

 90 1
00

 110
 120 

13
0

Sc
at

te
ri

ng
 an

gl
e (

0)

io
3



Elastic scattering of er by He atoms in HHOB 313

The typical integrals Ix (Bf; y%), J2 (B2; yf), and J3(Bt; y2) axe analogous to Yates 
(1979). The results for the typical integrals I4(Bf; yj; yp, and Ie(Bf; y\; j|) are 
given in the appendix. In (7), (8), (9) and (10), if k ==4,j—0, we will get the amplitude 
factors corresponding to the Hylleraas wavefunction. We can write (9) and (10) as

Re /Hk = Rex + Re2, (11)

where Rex and Rea are of the order Kf and Kf respectively, in (9) and (10)., The 
differential cross-section through order Ky2 for a fixed q can be approximated by

™ = i/™/|a + Ilm/lfkP + lReJ2 +2/'!i/(Re/®A+/G!3), (12)

where /G3 is the third Glauber eikonal term of Singh and Tripathi (1980).

3. Results and discussion

We have evaluated the integrals in (8) by reducing the two-dimensional integral to 
one-dimensional integral. Final results for the integrations were obtained by using 
the Gaussian quadrature method.

In figures 1 and 2 we exhibit our results for the dcs for 200 eV and 400 eV incident 
energies. The wavefunctions used for these calculations are Hylleraas and the 
Hartree-Fock. A comparison with the recent theoretical calculations on the DCS 
and the experimental data is also made in these plots. It is observed that for small 
angles our results agree well with the experimental data, and the results of the 
theoretical calculations by other workers. This type of behaviour was observed by 
Joshipura (1981) for e-Hz dls calculations. The results of the present calculations 
agree with the results of Byron and Joachain (1973). The use of the Hartree-Fock 
wavefunction improves the results for small angles. The improvement of the present 
approximation is significant at higher energies. . Further it is observed that as 
Bt -> 0 the expression in (8) tends to the corresponding term given by Singh and 
Tripathi (1980).

In conclusion we expect that the hhob approximation give good results at large 
values of Kt.
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Appendix

In this appendix several results pertinent to § 2 are tabulated. All integrations 
are done by standard techniques.
P.—2 ' ' /
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where ‘h — <pf are the state functions as defined in (6), and V is the Fourier 
transform of the interaction potential.
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Abstract. The high-energy higher-order Born (hhob) approximation is applied to the 
elastic scattering of electrons from the excited 2s state of atomic hydrogen. Results of 
calculations at intermediate energies are reported along with the recent data.

The elastic scattering of electrons from the excited states of atoms plays an important 
role in plasma and astrophysics. The data for such processes are very scarce. An 
attempt is made in this present paper to apply the hhob approximation for the 
calculations of the differential scattering cross section (dcs) by the intermediate-energy 
electrons from the excited state of hydrogen atom.

The hhob approximation (Yates 1979), though a high-energy and small-angle 
approximation, has several attractive features. Firstly it is a computationally simple 
approximation. Secondly, in the hhob approximation, the expressions for higher 
orders are obtained in closed form. Thirdly, the problem of divergent integrals in the 
Glauber eikonal series (Yates 1974) is avoided here. In the first part of this paper 
we developed the formula for dcs for the 2s state of the hydrogen atom. In the later 
part of this paper, we discuss the results of the present paper and compare them with 
those of other workers.

The scattering amplitudes for the first and second Born approximations for the 
electron-atom scattering problem were given earlier (Rao and Desai 1981). The 
matrix element Vf, (r0) is given by

^,(ro) = (T/(r1)!U|^,(r1)) (1)

where V is the interaction between the incident electron and the target atom and is 
given by

V(r0, ri) =---- 1- j  ----- 7 (2)r0 jr0—J-il

where r0 and ri are the position vectors of the incident and the target electrons 
respectively. The wavefunction for the excited state of H(2s) can be written as

T2s(r) = -r) exp(-r/2). (3)

© 1983 Hie Institute of Physics 863
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The scattering amplitudes for an electron in the hhob approximation are given in 
closed form as

p(3)
■TGBS

Y A! D ( g +2y ^
f ho "^"UV + y2)2/

I, ^ -^$r)

Re Y d n p,/A(B2.°) 73(B2,y2) 2 2,\
RC2/ ^rrfc^^^V + y2) y2 ^ ’y }J

W.l1c-D-(?T7)[4(log^i!)J+k2-Mfe,2)l

where
00 / n 1

A(q,y2) = 2[log(q/y)f+y2+ £ (-\) -
„=i \ y / n

when q/y =s 1 

when q/y > 1

(4)

(5)

(6)

(7)

(8)

Dn = 37any, £>' = 3/fiB, and the A„, Bn and C„ are the constants given below

A0= 1.999, Ai = 1.999, A2 = 0.500, Bx = 0.159, B2 = 0.159,

S3 = 0.0398, Cx = 0.0398, C2 = 0.0398, C3 = 0.00995 and y = l.

B — AE/ki where AE is the average excitation energy obtained from Joachain et at 
(1977b), and /(1) is the first Born approximation, Im/(2), Rei/<2) and Re2/C2) are the 
imaginary, real parts of order (1/fc, ) and order (1 /k2), amplitudes in the second Born 
approximation respectively, and Foes is the third Glauber eikonal series term derived 
using Yates (1974). The typical integrals I\(B2, yz), I2(fl2, y2) and hiB2, y2) in these 
amplitudes are similar to Yates (1979). The direct scattering amplitude in the present 
approximation is given as

Fa=/(1).+Rei /(2)+Re2 /C2) +F§es +i Im/(2). (9)

The leading term (Ochkur 1963) of the first-order exchange amplitude is also included 
in the present dcs calculations. The exchange amplitude is given as

_ £ FnDn 
8bx~ 2, ,2n=0 fC,

(10)

where the Fn are the constants given below

F0 = 2, Fa = 2 and F2 = 0.5.

From the equations (9) and (10) the dcs through order (1/k?) can be approximated 
using the following equation:

d<r/dft = !|Fd+g«)2+!|Fd~g«J2. (11)
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icr3!--------------1-------------- 1--------------1-------------- 1-------------- 1------------ 1—i_I

0 40 80 120 130
Scattering angle 8 (deg!

Figure 1. Differential scattering cross section for 
the elastic scattering of 200 eV electrons from H(2s). 
Small dots and full curve, present hhob approxima
tion with and without exchange term; ▲, simplified 
second Born approximation of Joachain et al 
(1977a); broken curve, static approximation of 
Joachain et al (1977b); +, ebs approximation of 
Joachain et al (1977b), •, optical model of Joachain 
and Winters (1980).

4*i<r
0 40 80 120 130

Scattering angle 8 tdegl

Figure 2. Differential scattering cross section for 
the elastic scattering of 400 eV electrons from H(2s). 
The rest of the caption is the same as for figure 1.

We present, in figure 1, our results for the differential scattering cross sections, 
with and without the exchange term, for 200 eV. The results are compared with the 
results of Joachain et al (1977b). As expected it is observed that at small angles the 
hhob approximation results are in good agreement with the results of other workers. 
Our results are slightly higher than the results of Joachain et al (1977b). This type 
of behaviour for e~~He-atom elastic scattering was also observed earlier by Rao and 
Desai (1981).

The results for the higher impact energy 400 eV are shown in figure 2. The 
agreement of the results with those of other workers is very good. We observed from 
the figures that the behaviour of the hhob approximation remains the same as for 
the ground state H(ls), and the exchange contribution to the direct scattering amplitude 
is small.
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We conclude that the disagreement at large angles with other workers (Joachain 
et al 1977b, Joachain and Winters 1980) is due to the fact that the Born series is 
slowly convergent at large angles. Our results will be improved by taking higher-order 
Born terms in the hhob approximation of Yates (1979).
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High energy higher-order Bom (HHOB) approximation as proposed by AC Yates [_PhysRev A (USA\ 19 (1979) 1550] is 
applied" to calculate the elastic differential cross-sections and total collisional cross-sections for e~-Li elastic scattering at 
intermediate energies. Results of the calculations are compared with recent theoretical results of F W Byron and C J Joachain 
IPhys Rev A (USA), 4 (1981) 1817] and the experimental data of Williams et al. [J Phys B (GB), 9 (1976) 1529, 1576].

1 Introduction
The HHOB approximation proposed by Yates1 is 

one of the successfully applied high energy, small angle 
approximation. This HHOB approximation yields 
reliable results for elastic scattering processes2-4. In 
the case of e“-He atom scattering, resuits2 obtained 
using this approximation are very encouraging.

In the present paper, we have calculated the elastic 
differential scattering cross-section (DCS) and total 
collisional cross-section (TCS) for e“-Li elastic 
scattering. The first and second terms in the Bom 
approximation are calculated within the framework of 
HHOB approximation1 *, the third term is calculated 
using the Glauber eikonal series (GES) of Yates5. We 
have used the one-electron wavefunction for Li atom 
as suggested by Walters6 *. It was investigated by 
Mathur et al? that at both intermediate and high 
energies, the differences between the scattering 
parameters obtained by using one- or 'three-electron 
wavefunctions of Li atom were not very appreciable. 
Keeping this in mind, we have used the one-electron 
wavefunction for the Li atom.

2 Theory
Atomic units are used in this study. Kj; Kf and q = Kf 

— Kf, represent the incident, final momenta of
scattered electron, and the momentum transfered to 
the target atom, respectively, during the collision 
process. The DCS for fixed q through O (1 /kf) can be 
approximated as:

~ = |F(1)|2 + |Im F<2)|2 + |Rej F(2)|2

+ 2F<1>[Re1F<2) + Re2F<2, + Fg|s] ■••(!)
where F(1) is the first Born approximation, ImF<2), 
Rex F(2) and Re2 F(2) are the imaginary and real parts 
of order (1/k.) and order (1/fcf) amplitudes in the second 
Bom approximation respectively, and F(<f|s, the third 
GES term is derived using Yates5. The matrix element 
Vfi(r0) is given as:
^i(ro)=<^/(r1)|F|¥i(r1)> ...(2)

where Kis the interaction between the incident electron 
and the Li atom and is given as:
»/o(ro,r1)=-f + sri—J+Vc ...(3)

ro- Iro — Til
where

1_
ro

+ 2.7 exp(— 5.4 r0)

Vc is the core potential and r0, r2, are the position 
vectors of the incident and target electrons, with 
respect to the target nuclei. The wavefunction used for 
the ground state of lithium, atom is
'F 2s M = 4 r exp (— y i r) + B exp ( — y'2r) ...(4)
where A = 0.11252; B = -.0.42204; y\ = 0.65; y’2 = 2.7. 
In the calculation of higher order terms, we have 
neglected the core potential Vc contribution. It was 
shown by Guha and Ghosh8 that Ve will not affect the 
cross-section appreciably. The closed form of the 
amplitude factors in the HHOB approximation are, 
given as:
F<1) = A DnA"[yltf + yl)+ y3nJ+yt)

i 3.4ju l 1
y3(q2+yl)2 yn(q2 + y2)2] ...(5)

ImF(2>

s's}] ...r^i,4[4d4{2'-(?+,
r«*^[wd4;{<54)+H] ...

(6)

(7)

(8)

+ -—2A(q. ...(9)

159



INDIAN J PURE & APPL PHYS, VOL 21, MARCH 1983

SCATTERING ANGLE (9),deg

Fig. 1—DCS for e ~-Li elastic scattering at 20 eV [solid curves (a) 
and (b) present calculations in HHOB approximation with and 
without Re F21 contribution respectively; broken curve represents 
close-coupling results of Issa13, •, data points of Williams el al.12, 

and +, eikonal Born series results14]

Fig. 2—DCS for e ”-Li elastic scattering at 60 eV [solid curves (a) 
and (b) present calculation in HHOB approximation with and 
without Re FJ> contribution respectively; broken curve represents 
results ofTayal etal.'5, +, results of Vanderpoorten16, and •, data/ 

points of Williams el al.11

where

when — 1

wh“£>1,
where

8- A E 0.0745
Vn~8*y; K ~ ft,.'

where AE is average excitation energy obtained from 
Vanderpoorten3 * * * * * 9 *.
A'ns, B'„s, C^s and y^s are constants with following
values: ' -
A0 = 8.95318 i41= 4.7740 A2 =0.63640
By =0.71247 B2 = 0.37990 B3= 0.05064
Cj= 29.73803' C2 = 2.49206 C3 =0.00710
Fo — 5.4 yt = 3.4 y2 = 1.3
Fi — 5.4 y2 = 3.4 y3 = 1.3 y4 = 5.4

The typical integrals lu /? and I2, 1% f3, 1° are 
analogous to Yates1. The total cross-section can be 
calculated using the optical theorem;

ffw = ~ImFl2)' (g = 0) ...(10)

Using this optical theorem, we have also calculated the 
total collisional cross-sections for elastic scattering of 
electrons by helium atoms. The results are presented in 
Table 1.

3 Results and Discussion
Differential scattering cross-sections (DCS):—Using.

Eq. (1) we have calculated the DCS at incident energies
20, 60, 100 and 200 eV. In the Figs 1-4, the curves (a)
and (b) represent the present DCS with and without 
Re2 F<2) contribution respectively. Figs 1 and 2 show
the present results along with the measured values of
Williams et al.12 Results of the present study made at
20 eV are compared with the close coupling results of
Issa13 and eikonal Born series results14 in Fig. 1.
Results of present study made at 60 eV are compared 
with the two potential eikonal approximation results
of Tayal, et al.15 and optical potential approximation
results of Vanderpoorten16 in Fig. 2. Figs 3 and 4 show
the present results along with the corrected static
approximation results ofTayal et al11 and the eikonal'
Born series results14 * * *. It is observed from the figures
that at small angles, the present DCS results agree
closely with the other results at 200 eV than at lower
incident energies. The difference between the curves (a)
and (b) exhibits the importance of the term Re2 F<2).
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Fig. 3—DCS for e ~-Li elastic scattering at 100 eV [solid curves (a) 
and (b) present calculations m HHOB approximation with and 
without Re F1* contribution respectively, C and + are corrected 
static approximation and eikonal Born series results taken from Ref 

17]

INCIDENT ENERGY(E),eV

Fig. 5—TCS for e "-Li elastic scattering at incident energies ranging 
from 40 to 700 eV [solid curve present calculation in HHOB 

approximation]

Fig. 4—DCS for e -Li elastic scattering at 200 eV [The legend is 
same as for Fig. 3 ]

Table 1—Total Collisiona! Cross-sections ,(m units of al) for 
Electron-Helium Scattering

Energy Present Byron & de Heer &
' (eV) results Joacjiam10 Jansen"

100 4.94 4 57 405
200 2.93 2.90 2.68
300 214 214 203
4)00 169 1.72 166
500 142 145 139
700 1.08 1 10 1.06

Total collisional cross-sections (TCS}—Using Eq. 
(10) we have calculated the total cross-sections for e-- 
Li scattering, at the incident energies from 40 eV to 700 
eV. The results of the calculations are exhibited m Fig. 
5. The TCS results for He-atom are given in Table 1 
and these results are also found to be in good 
agreement with the other results10-11 at large incident 
energies.

From an analysis of our previous results2,3 and the 
present ones, we conclude that the HHOB 
approximation leads to very good results at large 
incident energies. The values of DCS will be further 
improved at large angles by inclusion of higher-order 
Born terms of Yates1.
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ANGULAR DISTRIBUTION OF ELECTRONS 11.3137
SCATTERED INELASTICALLY BY F = - —5——.7 (4)
HYDROGEN ATOMS 19 '

H. S. Desai andN S. Rao
Department of Physics, Faculty of Science, M. S.
University of Baroda, Baroda 390 002, India

Yates1 approximation is a small angle and high 
energy approximation. The main advantage of this 
approximation is that it is computationally simple 
and higher order Born terms can be obtained m the 
closed form Here there is no problem of divergent 
integrals This approximation is further simplified 
and has been applied to various atoms for the elastic 
processes2"4. In all these problems, first two Born 
terms were derived according to Yates1 and the third 
Born term was approximated by the third Glauber 
elkonal series (GES) term of Yates5. At small angles 
very good results were obtained for elastic process by 
Rao and Desai2"4. In the present paper an attempt is 
made to calculate differential cross-section (DCS) for 
H( 1S2S) inelastic scattering.

Yates1 method for the elastic collision of electrons 
by the H-atom is extended to the inelastic collision of 
electrons by the H-atom for H( 1S-2S). The results for 
the scattering amplitudes for this process are given as

QIm F<2,= (A + B —) -Im/!2) , (1)
3A hea

Re F<2! = (A + B —) Re/(2) , (2)
Ok HEA

where Im /<2! and Re/<2> are the imaginary and real
HEA HEA

parts of the second Born approximation for the elastic 
case1 These are functions of q, k and ft In the present 
case the numerical values of these quantities are 
k — 1 5, /3, =AEjk,. where A£is the average excita
tion energy6 and q= k, — , k, and fy are the initial
and final momenta of the1 scattered electron. In the 
equations (1) and (2) the constants A and Bare given 
as

A =0.3536, B= 0.1768.

The third term of Yates5for the present case is given as

QFm = ( c D ---- ) F(k,q) (3)
GES & k

where C=-0.1187, D=-0.0559 and F(k,q) is similar 
to the expression given by Rao and Desai3 The first 
Born scattering amplitude is given as

The direct scattering amplitude is given as
Fd = Fm + Re F(2’ +FGes + i Im Fm (5)

from this equation the DCS through order (I Ik2) can 
be approximated as

do _ kf
~da~ ~k, (6)

Figures 1 and 2 show the present DCS results at 
incident energies 100 and 200 eV respectively The 
present DCS curves reproduce the curves of other 
results7,8. At 100 eV our results are higher than the 
other results7-8. The results are good at 200eV than at 
lOOeV. For the checking of our results, we compared 
our imaginary part with the imaginary part of Byron 
and Latour6, and it is observed that there is very nice 
agreement at all angles. These resul.s are displayed in 
figure 3.

We conclude that the present results will be 
improved at higher incident energies and the inclusion

Figure 1. The DCS results for inelastic scattering of 
electrons by H-atom at incident enetgy lOOeV solid 
curve—present results. Broken Curve—results of 
Unniknshnan and Prasad7, solid circles- results of 
Glauber8.
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Figure 2. The DCS results at incident energy 200eV. 
The references are same as in figure 1.

of third Born term1 instead of third GES5 will improve 
our results over the entire angular range.

The authors are thankful to H. J. Patel incharge of 
M. S University computer centre for his help in pre
paring the computer programme.
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Elastic and inelastic scattering of electrons by 
lithium atoms

H S Desai and N S Rao
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Baroda-390 002, India

Abstract: An analytical expression for the different'al scattering cross section 
( DOS ) is obtained through order for the elastic and inelastic scattering of
electrons by lithium atoms, Yates high energy higher order Born (HHOB) and 
Glauber eikonal series (GES) approximations are used for these derivations. The 
exchange scattering amplitudes for these processes are obtained by using Lewis 
integral technique. The present scattering amplitudes are compared with the recent 
scattering amplitudes of Bao and Desai.

1. Introduction

The scattering of electrons by lithium atom is one of the interesting and 
encouraging problems in the recent years. The data for this e — Li collision process 
is very scarce. Motivated by this, we have derived an expression for the DCS 
through 0(A)y1 2). Yates (1979) high energy higher order Born (HHOB) approxi
mation is used to derive two terms of the Born approximation and Glauber 
eikonal series', (GES) of Yates (1974) is used to derive the third GES term. 
These two approximations were used by Rao and Desai (1981-83) for hydrogen, 
helium and lithium atoms, at intermediate and high incident energies. The 
results obtained by means of these approximations were very encouraging.

The aim of the present paper is to obtain scattering amplitudes for DCS 
through 0(j?7a) for elastic and inelastic collision processes of e-Li interaction. 
The wave functions choosen for the ground and excited states of lithium atom 
are as used by Mathur et al (1972). The basic scattering amplitudes were given 
by Rao and Desai (1981). Here we give only the closed form of the scattering 
amplitudes for elastic and inelastic processes for the Li-atom. The first order 
exchange scattering amplitudes is calculated using the Lewis (1956) integral 
techniques and this exchange term is included in the DCS formula. The total 
interaction in this problem is divided into two parts. First part similar to the
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e-H interaction and tbe second part is considered as core obtained by the inner 
target electrons. The core interaction is neglected in the higher order scattering 
amplitudes. The present elastic scattering amplitude expressions are compared 
with the recent expressions of Rao and Desai (1983).

2. Theory

Throughout this work atomic units are used. The wave function for the ground 
(2s) state of Li-atom is given as

and for the excited (2p) state of Li-atom is given as

Wap(r) = Are-'"’ (2)

where .4 — 0.22805, y'=0.5227 and J)s and y'.-s are constants given by 
Clementi (1965).

For the elastic scattering (2s - 2s) the initial and final states of the target 
atom are assumed to be same. The substitution of eq. (1) in the second Bom 
approximation (Rao and Desai 1981) gives the corresponding imaginary and real 
contributions to the scattering amplitude. The closed form of these amplitudes 
are given as

lmF(2’=|
4 16

[2 DiF(yi) ~ 2^'DF{y’]+2f,s/)3jF(^)]***1 k** 1

Re F(si=i
[j? Dt G(y,) - ^E, DF(y, ) + ^Fk D* F(yk)\

* =*1 J~1 fr=l

(3)

(4)

■^iEjDH(yj)+^FkD‘F(yk)]
(5)

where D is differentiation operator and the functions F(y), G(y) and H(y) are the 

corresponding scattering amplitudes for e-H atom scattering [Yates (1979, 74) ].
For the inelastic scattering (2s — 2p) the final state of the target atom is 

assumed as 2p state. Following the similar procedure as discussed above, we 
will get the three scattering amplitudes similar to eqs. (3), (4) and (5).’

The first order .exchange scattering amplitude (Joachain 1975) is obtained
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by using the wave function (1) and the integral techniques of Lewis (1956). 
The exchange amplitude for this elastic process is given as

where

6

TtX=~22Aii
« S i * J

Jl = qm +J?) (Ki +y*) + (y f -y) )X2

(6)

m and n in the eq. (6) are the powers of the target coordinate r in the wave func
tions. This elastic exchange term can be easily extended to inelastic process.

Now the DCS 0(.K?) can be obtained from the following equation.

4l=Kf 
dQ K,

Fllt+Re Fi*> + GES<a> + Tex+ImFi2> [ 2 (7)

Here F*1’ is the first Born amplitude. This expression is not given which 
is straightforward and lengthy expression.

3. Results and discussion

Present elastic scattering amplitudes are compared with the recently reported 
amplitudes of Rao and Desai (1983). The DCS and total cross sections can be 
compared with this recent results of Rao and Desai (1983).

Finally we conclude that these new scattering amplitudes will generate good 
results than the earlier results of Rao and Desai (1983). Inclusion of the 
exchange term is the reason for this conclusion. The DCS calculations are in 
progress.
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AN ANALYTICAL STUDY OF HIGHER 
ORDER BORN TERMS IN THE STATIC 
FIELD

N. S. Rao and H. S. Desai
Physics Department, M S University of Baroda,
Baroda 390 002, India.

The closed forms of the elastic scattering amplitudes 
in the static field are obtained by using the Yates high 
energy,, higher order Born approximation. The 
differential scattering cross-section through order 
(l/A'2,) is obtained for elastic electron-atom 
scattering. Total cross-sections for the elastic 
scattering of the electrons by lithium atom are 
calculated. The results show good agreement with 
compared data.

In this communication we report the elastic 
scattering amplitudes developed for a z-electron 
atom, the approximation given by Yates1 is used in 
these derivations. We have treated e-atom interaction 
as the static field2,3 due to z-electron target. 
Additional advantages in this case are that all the 
Yates1 elastic scattering amplitudes are simplified and 
one can calculateDCS (differential cross-sections),TCS 
.total cross-sections) very easily for any atom. One 
can also standardise the computer programme for the 
calculation of DCS and TCS for any target atom. The 
static potential can be defined as

F* (r0) = <#. I VI #r> (1)where t/f, and ij/r are the'initial and final state wave 

functions of the target atom and V is the interaction between the incident electron and the target atom. The 
static potential F.t (ro) can be obtained2,3 for different 
atoms. Analytical expression for the static potential 
can be given as

The aim of the present work is to study all the 
Yates1 amplitudes in the static field These amplitudes 
are obtained by the substitution of equation in Yates1 
approximation. The corresponding three Born terms 
are given as

(i)
/

N
-2 z 2

R,
(5)

»'-*/ i— 1 (S i 2 i+ y,)

(2) z2 N
im f

HI AS
2

i.J= 1
R.R> h(B2 , (6)

(3) z2 N
Re /

HFAS
2

<•/=!
R,Rl{hi^ ,yh• yj)

+ 1 3 

2 K, 38
[hd?, ■ T?) •-yftiUt-yf'y?)}}

(7)

P +m
<

,II (3)
A.

(8)HEAS

where

(3) z8 N
/i. =---------- 2 RR/Rk h(q2, u, v, w,)

2ir2K*t i j, K= 1

Similarly one can obtain^® by using the present 
approximation and the computation procedure given 
by Yates1. The closed form of the all 4’s in the above 
expressions were given1,4'6. The elastic scattering 
amplitude through (1/AT2) can be given as

V,i (r0) = ZI 2 | R, I »=1 1

-Y.ro
ro

(2)

where Rj’s and K, 's are obtained-from2,3 for different atoms. The fourier form of F,t (ro) is given as

,
Vat (ro) — f<£p e\p(-ip.bo)J dp. exp(-ijo.Zb ) V, 

(p+Rj) (3)

where

V,,(p+p$)
Z N R,

------ 2----------------------- (4)
2ir2 i=l (p2+p\ +y2,)

x- r (2) 4. r <3> ^ r (2)
Fas —/, ,+ Re/ +/ +ilmfi-f heas heas heas

(9)
Total cross-section can be obtained using the optica* 
theorem1.

tot . 4ir (2)
a, = —-Imf (0) (10

K, HEASwhere

lid / (2) (0) =

HEAS K

fl2, +y2
b", +y2j ' i-j (R2.+

* 1 ^ 1
■t+Hifi- fj)J

fel
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is the imaginary part of the second Born Term in the 
forward direction The meaning of all the symbols are 
same as Yates1 2.

Using 0“'we have calculatedTCS for lithium atom3 4 5. 
The results are given below

Table 1

tcs in units of (-wa1 a)for lithium atom

Incident
Energy
E eV

Present
results

Results of
Guha and Gosh8

/

50 6 295 7.511
60 5 260 6 034

100 3.152 3 379
150 2 106 2.183
200 " 1 577 1.614

To confirm our results these terms have been com
pared with the corresponding Born Terms of Yates1 
and the two types of Born terms show good agree
ment. The most notable observation is that .when

B, -0 few of the Yates1 integrals were divergent and 
cancelled with the opposite types of integrals. How
ever, in the present studies there are no divergent 
integrals as can be seen from equation {10). In order to 
see the validity of the present approach we have calcu
latedTCS for lithium atom using the optical theorem7. 
The TCS results are found to be in good agreement at 
higher incedent energies with the other data8.

The present calculations are simpler than the Yates1 
approximation and one can calculate tcs and DCS 
very easily for any atom Further work is in progress
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