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Abstract.” The differential cross-sections for #-helium elastic scattering are calculated
by using Yates high-energy higher order Born approximations, through 0 (K; Y 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 Born approxima-
tion, are some of the methods which have been applied successfully (Glauber 1959;
Yates 1974; Byron and Joachain 1977; Ghosh 1977). Motivated to deseribe an alter-
native approach for the high energy expansion of the differential scattering cross-
section (pcs) in terms of reciprocal powers of K, Yates (1979) has proposed the
theoretical method of high energy higher order Born (HuO0B) approximation. This
method has an advantage in that the cofiputation of the higher-order Born 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 (Grs) method
given by Yates (1974) are not present in this new treatment of Hros. 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-Fock 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).
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where q = K; — K is the momentum transfer to the target atom, X, is the momentum
of the incident electron, B, = AE/K, is the average excitation energy of the target
and the symbol @ is for the principal value of the integration.

Vi (@) = (¥ @y 1) | V] Wy (rp 1)) @

where V' is the interaction between the incident electron and the target atom and is
given by
2 1 ’ i
V(l'o, Ty 1'2) R
I n—r|  (r—r]

) ' )

where r,, r; and r; are the position vectors of the incident electron and the target -

electrons with respect to the target nuclei. 2 is a unit vector in the z-direction. The
general form of U3 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).

W (ry, 1) = ¢y, (1) ¢y, (1), - N (6)
with ¢, () = :}4_—? [4 exp (—yir) + B exp (—y1)],

A = 260505, B =208144, y; = 1-41,y, = 2:61.

The scattering amplitudes can be written as |
A .
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(Cy's, A/s, By’s, and B,,’s are constants).
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The typical integrals Iy (B; 1), I (B}; 3D, and I(B;; ¥3) are analogous to Yates
(1979). The results for the typical integrals I,(B%; »3; ¥, and I(B; y1; ¥3) arte
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 f8), = Re; + Re,, (11)

where Re; and Re, are of the order K7 and K72 respectively, in (9) and (10).. The
differential cross-section through order X for a fixed g can be approximated by

‘75 =[5, P+ |Im fEELF + | Rey 2 4 2F ;&;(Rﬂ SiRa + 1G3), (12)

where fG3 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 pcs 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 DCSs
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 é-H, pLs 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 significani at higher energies. . Further it is observed that as
B, — 0 the expression in (8) tends to the corresponding term given by Singh and
Tripathi (1980).

In conclusion we expect that the HHOB approxunatxon give good results at large
values of X|.
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Appendix .

In this appendix several results pertinent to § 2 are tabulated. All 1ntegratxons
are done by standard techmques.
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where ¢ = ¢, are the state functions as defined in (6), and ¥ is the Fourier
transform of the interaction potential.

References

Bromberg J P 1974 J. Chem. Phys. 61 963

Byron F W Jr and Joachain C J 1973 Phys. Rev. A8 3266

Byron F W Jr and Joachain C J 1977a Phys. Rev. A15 128

Byron F W Jr and Joachain C J 1977b J Phkys. B10 No. 2

Ghosh A S5 1977 Phys. Rev. Lett. 38 1065

Glauber R J 1959 Lectures in theoretical physics, (ed.) Brittin W E and Duncan L G (New York:
Inter Science), p. 315 ‘

Jansen R H J, Deheer F J, Luyken H J, Wingarden B van and Blauw H J 1976 J. Phys. B9 185

Joshipura XII International Conference on the Physics of Electronic and Atomic Collision 1981
313 - .

Register D F, Trajmar S and Srivastava § K 1980 Prys. Rev. A21 1134

Singh S N and Tripathi A N 1980, Phys. Rev. A21 105

Yates A C.1979 Phys. Rev. A19 1550 ) N

Yates A C 1974 Chem. Phys. Lett. 25 480



J. Phys. B: At. Mol. Phys. 16 {1983) 863-866. Printed in Great Britain

The HHOB approximation to the elastic scattering of
electrons by H(2s)

N S Rao and H S Desai
Physics Department, Faculty of Science, MS University of Baroda, Baroda-390 002, India

Received 14 April 1982, in final form 8 October 1982

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 V,(ro) is given by

Valr) =(s(r)|VI®.(r)) 1)

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

1 1
Virg, ri)= “;;+m

2)

where ro and ry, 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

%s(r>=4—(57—17-)7,7<2~r> exp(—r/2). 3)

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

0= 3 A (2 @
Imf® =7 EIB D, 12(211(32 2)—-‘—%17(13-:—;’2)9) ®)
Re; f(Z)'—'?r’IEI,,ZIB D, 12(212(32 2)«5‘-?32—(—*1-?315%) ©)
Res/® =5z 3 B pnb’(‘;;(’fyog BE _paty) o
P =1 § Do 412 Y +1r7-240.59)] ®)

where

1
Ay =2logiaryFrirts § (<L) S whenaiy<1

n
© n
==Y (-.X-i ~—15 when g/y >1

D, =4d"/d"y, D'=9/8B, and the A,, B, and C, are the constants given below
Ay=1.999, A;=1.999, A2=0.500, B;=0,159, B,=0.159,
B3 =10.0398, C,=0.0398, C,=0.0398, C3=0.00995 and y=1.

B = AE/k; where AE is the average excitation energy obtained from Joachain ef al
(1977b), and fm is the first Born approximation, Im f®, Re, f® and Re, f® are the
imaginary, real parts of order (1/k;) and order (1/k?), amplitudes in the second Born
approximation respectively, and Fg)gs is the third Glauber eikonal series term derived
using Yates (1974). The typical integrals I (BZ, y?), I.(B?, y*) and I;(B?, y?) in these
amplitudes are similar to Yates (1979). The direct scattering amplitude in the present
approximation is given as

Fa=fP+Rei fP+Res fP+F&ks +iIm 2, ©

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

: F..Dn( y ) '
= L T T\ T 10
g n2=:0 K2\ +yoP (10)
where the F, are the constants given below
Fo“—’-'z, F1=2 and F2=0.5.

From the equations (9) and (10) the pcs through order (1/k7) can be approximated
using the following equation:

do/dQ=3Fs+gel +3HFi—gul*- (11)
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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 ef 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 ef 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(1s), and the exchange contribution to the direct scattering amplitude
is small.
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Figure 1. Differential scattering cross section for  Figure 2. Differential scattering cross section for
the elastic scattering of 200 eV electrons from H(2s).  the elastic scattering of 400 eV electrons from H(2s).
Smail dots and full curve, present HHOB approxima-  The rest of the caption is the same as for figure 1.
tion with and without exchange term; A, 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).
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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 Born (HHOB) approximation as proposed by AC Yates [Phys Rev 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
[Phys Rev A (USA), 4 (1981) 1817] and the experimental data of Wllhams et al. [J Phys B (GB), 9 (1976) 1529, 1576).

1 Introductlon

The HHOB approximation proposed by Yates® 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, results® 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 Born
approximation are calculated within the framework of
HHOB approximation!, the third term is calculated
using the Glauber eikonal series (GES) of Yates®. We
have used the one-electron wavefunction for Li atom
as suggested by Walters®. 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. K, K,andq = K; ’

—K,, 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 g through O (1/k?) can be
approximated as:

ZT)= IF(!)IZ + IIm F(z)}z + tRe F(z)lz

+2F®[Re; F® +Rey FO + Fls] (1)

where F is the first Born approximation, Im F®,

-Re; F@ and Re, F® are the imaginary and real parts
of order (1/k;) and order (1/kZ) amplitudes in the second
Born approximation respectively, and F§ks, the third
GES term is derived using Yates®. The matrix element
V,i(ro) is given as:

Vsileo) = (¥, (e )IVIYiley))> -@

wherc Vis the interaction between the incident electron
and the Li atom and is given as:

1 1
Volrg, 1)) = ——+ —r

+V, ...(3
ro. Iro—rq| —rll 3)

where

V.= —2[1 +27]exp( 5.4rp)

V. is the core potential and ry, r, are the position
vectors of the incident and target electroms, with
respect to the target nuclei. The wavefunction used for
the ground state of lithium, atom is

¥5(r) = Arexp(—yir) + Bexp(— y3r) @
where 4 =0.11252; B= —0.42204; y; =0.65; y;, =2.7.
In the calculation of higher order terms, we have
neglected the core potential V, contribution. It was
shown by Guha and Ghosh® that V, will not affect the
cross-section appreciably. The closed form of the
amplitude factors in the HHOB approximation are.
given as: .

2 2 1
FW = DA[
..Zo " ya(@® + yd) y,.(q +y3)
. 54y, 1 ]
V(@ + 33 w492 ] (5

. . 2
ImF® = _ [-ﬂpnm{zz e
2 kT @+

]
...(6)

o= f [Tl -gtanl]
3 B, d 3 13
Re,F®= 3 _ﬁ;?D"aB{q 9 32 '}] .(8)
o __wlC 1 J ¢+ )\|*
Fats== 2 | & D@ lg( Yad )}
Tc2 '
. 240, y )}] ‘ ..9)
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where
2 2z @ i\m
A 1) 2(logi) +%5+ X (—%—) /m’
n m=1 n
when 44y
In
@ 2\m 2 h q 1
R In 4
m;(q,_) /m when _- :
where
’ o AE 0.0745
D=y PR T TR

where AE is average excitation energy obtamed from
Vanderpoorten®.

Ags, Bls, Cs and y,,s are constants with following
values:

Ay =895318 A, =47740 A,=063640 -
B, =071247 B,=037990 B,=005064
C, =29.73803° C,=249206 C,=0.00710

Yo=54 y, =34 y,=13 .

y = 54 V2= 34 Y= 1.3 Vg = 54

The typical integrals I, I? and I,, IS, I, IS are
analogous to Yates'. The total cross-section can be
calculated using the optical theorem:

g=0)

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.

a.o,=%~1m F@- ..(10)

3 Results and Discussion

Differential scattering cross-sections (DCS)mUsmg‘

Eqg. (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
Re, F® contribution respectively. Figs 1 and 2 show
the present results along with the measured values of
Williams et al.!? Results of the present study made at
20 eV are compared with the close coupling results of
Issa'® and ekonal Born series results'# in Fig. 1.
Results of present study made at 60 eV are compared
with the two potential eikonal approximation results
of Tayal et al.'® and optical potential approximation
results of Vanderpoorten!® in Fig. 2. Figs 3 and 4 show
the present results along with the corrected static
approximation results of Tayal et al.!”

Born series results’®. 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 Re, F*®.
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Table 1—Total Collisional Cross-sections (in units of a3) for
Electron-Helum Scattering

Energy Present Byron &  de Heer &
" eV}  results Joacham'®  Jansen'!
100 494 457 405
200 293 290 2.68
300 214 214 203
400 169 L7 166
500 142 145 139
700 1.08 110 1.06

Total collisional cross-sections (TCS)—Using Eq.
(10) we have calculated the total cross-sections fore ™ -
Liscattering, at the incident energies from 40 eV to 700
eV. The results of the calculations are exhibited in 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 results!®*! at large incident
energies. ) . )

From an analysis of our previous results®*® 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 Yates®.
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ANGULAR DISTRIBUTION OF ELECTRONS
SCATTERED INELASTICALLY BY
HYDROGEN ATOMS

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

YaTES' approximation is a small angle and high
energy approximation. The main advantage of this
approximation 1s that it is computationally simple
and higher order Born terms can be obtained in the
closed form Here there is no problem of divergent
integrals This approximation 1s further simplified
and has been apphed tu various atoms for the elastic
processes”™. In all these problems, first two Born
terms were derived according to Yates' and the third
Born term was approximated by the third Glauber
elkonal series (GES) term of Yates®. At small angles
very good results were obtained for elastic process by
Rao and Desai1®™. In the present paper an attempt is
made to calculate differential cross-section (DCS) for
H(1S-28) inelastic scattering.

Yates' method for the elastic collision of electrons
by the H-atom 1s extended to the inelastic collision of
electrons by the H-atom for H(1S-28S). The results for
the scattering amplitudes for this process are given as

3

Im FP= (4+B —) Ims® , m
2N HEA
8

Re F?= (4+B —) Ref? , )
an HEA

where Im /™ and Re /' are the imaginary and real
HEA HEA

parts of the second Born approximation for the elastic
case’ These are functions of g, Aand B Inthe present
case the numencal values of these quantities are
A=135, B, =AEjk,. where AE s the average excita-
tion energy® and g=k, — k-, & and k are the mmitial
and final momenta of thetscattered electron. In the
equations (1) and (2) the constants 4 and Bare given
as

A=0.3536, B=0.1768.

The third term of Yates® for the present case 1s given as

d
FP =(C+ D =) F(\q) 3)
GES aA
where C=-0.1187, D=-0.0559 and F(A.q)1ssimilar
to the expression given by Rac and Desai® The first
Born scattering amphitude is given as

w . _ 113137

- — 4
(g*+2.25)" “)

The direct scattering amplitude 1s given as
Fy=FY+ReF® +Fges +11Im F® &

from this equation the DCS through order (! 1 k%) can
be approximated as

(6)

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

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

FIG 2
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Figure 1. The DCs results for inelastic scattering of
electrons by H-atom at mcident energy 100eV solid
curve —present results, Broken Curve—results of
Unniknishnan and Prasad”, sohd circles— results of
Glauber®.
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Figure 2. The DCS results at incident energy 200eV.
The references are same as 1 figure 1.

of third Born term’ instead of third Ges® will improve
our results over the entire angular range.

The authors are thankful to H. J. Patel incharge of
M.S Umniversity 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

Department of Physies,
Facalby of Science,

M S University of Baroda,
Bareda-390 002, India

Abstract : An analytical expression for the different®al scabtering cross section
{(DCS) is obtained through order (K3¥), for the elastic and inelastic scattering of
electrons by lithium atoms. Yates high energy higher order Born (HHOB) and
(Hauber eikonal series (GES) approximations are used for these derivations. The
sxchangs scattering amplitudes for these processes are obtained by using Lewis
integral fechnique. The present scattering arnplitudes are compared with the recent
seattering amplitudes of Rao and Desal.

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(K72). 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 O(K7%) 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 ef a/ (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

37



38 H 8 Desai and N 8 Rao

e~ H interaction and the second part is considered as core obtained by the inner
target electrons. The core interaction is neglected in the higher order scattering
amplitaudes. 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 functlon for the ground
{2s) state of Li-atom is given as

z,(r)__»m{ZA e ’+2A reir) 0

2=38

and for the excited (2p) state of Li-atom is given as
Wopo(r) = Arev'r (2)

where 4=0.22805, »'=0.5227 and A;s and ¥is 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 Born
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

I 2 [ Surtr- Seorp+ SEE)|  ©)

sl jm1 k=1
& s lﬁ ’
Re I =3| 3'D,G(1,)~ DB, DF(y,)+ DFD*Flpy)] @
1= =1 =1
4 8 18
GES®1=3| D, H(y:) ~ D E;DH( )+ DF DRy )
' 1=1 1=1 k=1

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) 1.

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 egs. (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

..—224 (1) D"‘D"ta}}ll(ﬁ) " (6)

57
where
1=K+ (K 4yD)+(yi -y K2
fa=y; (K3 +y7)+y; (K3 +y3)
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{KX$#) can be obtained from the following equation.

%2:%’ F(“+R€ F‘”’—i—GES‘“—!—T,,—}-Im Ft2) t 2 (7

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

3. Results and discussion

Present elastic scaftering 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. 8. Rao AND H. S. DEsal
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
(1/K%) is obtained for elastic electron-atom
scattering. Total cross-sections for the elastic
scattering of the electrons by lithium atom are
caiculated. 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 Yates' is used in
these derivations. We have treated e-atom interaction
as the static field®® due to z-electron target.
Additional advantages in this case are that all the
Yates' elastic scattering amplitudes are simplified and
one can calculate DCs (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 im'get atom. The
static potential can be defined as

Va (ro) = <l VI @e> )

where ¢, and ¢ are the intial and final state wave
functions of the target atom and V is the interaction
between the incident electronand the tar§et atom. The
static potential ¥ (ro) can be obtained®” for different
atoms. Analytical expression for the static potential
can be given as

-Yiro
ro

-’

s @

N
Ve (ro) = zl b
=1

where R;’5 and Y;'s are obtained-from® for different
atoms. The fourier form of Va (1) is given as

,.\.

Va (ro) = fdp exp(-ip. by) f dp. exp(-lp Zo) Vu
(p+pd 3

where

Z N R

Vu(ptpd = @

22 =1 (PP+pi +¥%)

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

5

) N R
;S =2z % ——— ©)
i~/ =1 (" + %)
) 72 N
Imf e Tmk 2 RBALBL..HE
f:
¢ z*
Re fHF;\‘n 1?? j% R'&{INBL’ V"} )
— 2.
2K aB (L (B, y) — ¥y B (B y,)}]
3) ) 3
/is,\s = fuo t Sfa (8)
where
€))] z? N
fuo = 2 RRRc (g uvw)
2e?K4 i K=1

Similarly one can obtain 55 by using the present
approxxmauon and the computation procedure given
by Yates', The closed form of the all , s in the above
expressions were given M€ The eclastic scattering
amplitude through (1/ X%) can be given as

) 3 . 0]
. Fas —fi f+ fHEAS fHEAS +ilm £ HEAS
()]

Total cross-sectmn can be obtained using the optica:
theorem”.

tot . 4rx 2)
o z-—;;lng HEAS ()] (ie
where
" @ > < R
i*j (% — y,)]

- Im Supas @<

B+y: X R
fog —-——-*Bz 5 t __,.—-——-————-————Bz 5
Hy5 = (B YY)




1s the imaginary part of the second Born Term in the
forward direction The meaning of all the symbolsare
same as Yates'.

Using ¢* we have calculated TCs for lithium atom®.
The results are given below

Taste 1

TCS 1n umits of (wa’ o) for lithium atom

Incident Present Results of
Energy results Guha and Gosh®
E eV ’
50 6 295 7.511
60 5260 6034
100 3.152 3379
150 2 106 2.183
200 Cousm 1.614

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

B —0 few of the Yates' integrals were divergent and
cancelled with the opposite types of integrals. How-
ever, in the present studies there are no divergent
integrals as can beseen from equation(10). Inorderto
see the validity of the present approach we have calcu-
lated TCS for lithium atom using the optical theorem’.
The TCS results are found to be 1n good agreement at
igher incedent energies with the other data®.

The present calculations are simpler than the Yates'’
approximation and one can calculate TCS and DCS
very easily for any atom Further work is in progress
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