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CHAPTER -~ 11

; HHOB APPROXIMATION FOR Li ATOM

2.1 INTRODUCTION

The study of electron - alkali atom -
'collisions became an interesting érea in recent years
due to many reasons. Among them is the discovery of
alkali atoms in the atmosphere. The theoretical study
of this problem has been further stimulated in the inter-
mediate and high energy ranges due to the availability
of the experimental results ( Williams, 197é ) .Electron
- 2lkli metal atom has many applications in various
fields of science., The part played by some of the
alkali atoms 1in Magneto~hydrodynamics is very important

in the present day energy crisis.

It is a known fact that the metnods wh%ch.
apply well to the elastic scattering by light atoms with
closed shells will not be effective in alkali atoms.
The main reason for this is-the pecular nature of the
alkali atoms. In these atoms becsuse of the quasi
degeneracy of the grouﬁd and first excited states, trere
exists a strong coupling between these states, The large

polarisability of the alkali atoms can be accounted
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mainly due to this coupling. The outermost electron in
this atom is a loosely bound S-electron hence the
increased activity of these atoms. The absorption
effect ( removal of electrons from the elastic to the
inelastic channel ) also plays a leading role in the

alksli atom scattering.

The Li atom being the first member of the
alkali atoms, the above discussed deviations from
Closed shell atoms will be least in its case. Hence
it offers an opportunity to test the theoretical
models which are successfully applied to the lighter
atoms, H and He . Many attempts have been made to
study the elastic e - Li atom scattering in the
intermediate energy region. Sarkar et al ( 1972 )used
the eikonal approximation to investigate this problem
for a wide energy range 0.8 eV to 500 eV. Gregory
and Fink ( 1974 ) solved the relativistic Dirac equa-
tion and found out the differential cross section
and total elastic cross section from 100 eV to 1.5 KeV,
Chan and Chang { 1976 ) applied the Glauber appro xi-
mation to e - Li scattering .to obtain DCS at 100 eV ,
200 eV and 400 eV . Vanderpoorten { 1976 ) constructed
% local optical potential consisting of static, polari-
sation absorption and'exchange‘ effects and evaluated

the DCS at %4.4 eV and 60 eV . Mukherjee and Sural
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( 1979 ) have used an integral approach to the second
order potential ( SOP ) for elastic e - Li scattering

to obtain DCS and TECS from 10 eV to 200 eV.

Gien ( 1981 ) investigated the exchange effects in the
frozen core Glauber approximation from 20 eV to 1000 eV
for e - Li elastic scattering. Tayal et al ( 1981 )
have calcula£ed the DCS and TECS for elastic e - Li
scattering from 10 eV to 200 eV in the corrected
static approximation and 1n an approximation which
combines the contribution of the non - static parts of
the higher order terms in the Glauber approximation with
the static part taken exactly. Wadehra ( 1982 ) has
used the first Born approximation along with the
polarised Born amplitude to obtain integrated elastic
cross sections from 500 eV to 1000 eV . Dhal ( 1982 )
has evaluated DCS for elastic ; - Li scattering at
60 eV , 200 eV and 400 eV wusing a two potential form-
ation in which the close encounter collision are treated
exactly and the polarisation, exchange and absorption
effects are treated +through the optical eikonal appro-
ximation. Rao and Desai ( 1983b ) have used the high
energy higher order Born ( HHOB ) approximation along
with the Glauber eikonal series ( GES ) method to inve-
stigate the DCS from 50 eV to 1000 eV and TCS from

100 eV to 700 eV . They have used core approximation
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}of Walters ( 1973 ), the nucleus and the inner shell
forming the core and the 2S5 -~ electron behaving as
the valence electron. Tayal ( 1984 ) has applied the
corrected stafic approximation to evaluate the TCS
for e - Li scattering from 10 eV to 200 eV .
Vijayshri ( 1985 ) have evaluated the DCS and TCS
for & - Li at the energfes 60 eV to 200 eV for the
former and 20 eV to 1000 eV for 1latter using modified
Glauber approximation (MGA ). They have done two models
namely, the single particle scattering model ( SPSM )
and the Inert Core ( IC ) model. In the former they
ignored the multiple scattering effects and in the
létter they ignored core altcocgether. Chandraprabha
( 1985 ) used modified Glauber eikonal series ( MGES )
and ( GES ) to calculate the DCS for energies 100 eV
to 800 eV . Very recently Yadav and Roy ( 1987 ) have
calculated the DCS for e - Li from 10 eV to 20 eV
using the coulomb -~ projected modified - Born approxi- .

mation with Junker's modification.

It is seen that the only results reasonably
close to the experimental data among all th? above
mentioned work are those of Vanlerpoorten ( 1976 ) and
MGA { SPSM ) of Vijayshree ( 1985 ). In most of the
above <cases, lithium atom is represented as a one

electron atom with an inert <core. Also all these



results show a great deal of divergence from each other

in the 1large angle scattering region.

In the present study we have taken HHOB
approximation which gives satisfactory results in the
case of e = H and e - He scattering ( Rao and Desai
1981, 83 ). Hence the extension of this technique to
Li atom is of great interest. Further we represent Li
atom as a three electron system. Hence the ,present
approach accounts for the long range polarisation effe-
cts and the absorption effects, We have calculated
the DCS and TCS f?om energies 100 eV to 400 eV and
100 eV to 1000 eV respectively.

2.2 Theory

¢

The direct scattering amplitude in the HHOB

approximation can be written as ( Yates, 1979 ):

(1) . (2) . (2) . f(3)
f = f + e f + 1 f + . X
HEA HEA HEA mHEA © HEA (2.1)
(1)
The first Born expression f is obtained from (1.16).
(2) HEA (2)
The expression for Ref and Imf are given in equa-
HEA (3) & HEA -2
tion (1.47) and (1.48). Ref is of the order of Kk,
HEA
and the evaluation of this is found Fo)be tedious. If we
3
put i =0, it is found that Ref is same as third
HEA
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Glauber term. Hence in the present study we have taken

the third Glauber term in the place of R_f > .  Hence

HEA
the direct scattering amplitude can be written as

(1) (2) (2)
f

+ R_f + i I f + f

. (2.2)

f =

HEA HEA HEA m pga  G3

The expression for f;, can be obtained from (1.32).

knowing the scattering amplitude, the DCS can be calcu-
lated. The total cross section can be obtained through
the optical theorem.
(2)
f
HEA

3

tot

o - 4mn Im

2.3 CALCULATIONS

The wave function for the ground state of Li
atom has been taken as that of Veselov et al. (1961 ) as

quoted by Chan and Chang ( 1976 ), namely

1
b = 'V§=i-aet ( Q"}!quﬁ $1s$’ mZSQ ) (2.4)
3 1/2 —ar
with ¢, = (=) e (2.5)
5 1/2 _ ‘
ooy = I 30 J (1 - ?..;;.é)rgr (2.6)

ﬁ(az-aﬁ + 92)

where o = 2.694 and B = 0,767
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This wave function gives an energy of -7.414 a.u. against
the experimental value of =~7.478 a.u.
2
* 1
Yy = 3T } dot ( $ls¢’ <b154" q)254 |
2 2 2 -
2
- ®ls(£l) ¢ls(£2) ¢23 (:F'_:Q ) q)ls (£3 ) ¢25(£3) (207)
Fufther,
* 3 “Ar .
¢1s b1s = éz\'i"'e N = 2 (2.8a)
T
3
* 2 A 1 AQ e- Azr
¢2S ¢2S = 8N mp ( >\3y 2 ) 7-\_-3- g‘f—t—— (208b)
2
2 5
where N = 38 é , ,XQ = 28, ,A3 =a+ B (2.8c)
) (a” =~ aB + B7)
2
2 A\ Y
3 d A3 )
and EDP()\B, >\2)=(l+ 3 a>\+ 9 >\é )
) 0
2
(2.8¢c)

The interaction between the incident electron and the target

lithium atom can be written as

S S 1
V, = - = 4 L — + P | + |7 :“;;r (2.9)
-1 I =0 To=2 °

| r
~0
where I, +L; » Ip » Iy are the position vectors of the

incident and target electrons with respect to the target

nuclei.
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Now the closed form of the first Born approximation can

be cbtained as

(1) 1 .
fHEA = - §E—'f dr exp. (1g%§b) S dr
3 1 1 1 *
R b= + —L—0
o g -5l Iz~ bz, -zl
(2.10)
Substituting (2.8) in the above expression the final
form can be obtained as
(1) (420, )
1 qg + 2
f = 4 > 212 + 8 N° DOp (A3,A2)
HEA (q +>\l )
2
2
a” + 2A
23 2 22 ) (2011)
2 q~ +A
The expression for Im f can be written as
HEA
3 (2)
- 4T A LA
I f E dp Uf ( o -~ . + 3. )
m fea o S Ca-p -8y ety
(2.12)
where
(2)

[ A ¥* '
g, la-p =By, p+ B8y ) =<V (14,15, 13

_ A — A
lv(g* ﬁiyy e Ios £3 ) V{g-p - BiY:

Tys Ipy Y 1y, o, 250> (2.13)
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— * .
Substituting the value of V from (1.44) and § § from

(2.8) we will get

(2) A A 1 - X
U (gq-p=-B,Yy »p+ B,y )=
£5 i 10T x| apl P48, 7 ) (948, 0)

[IT T avayavy 6, (x) & (5,)

2 2 C

I MW
It mw

4323(;_3) @15(23)] X v oim1

* . 3 . ipcb-
R eiP+bj IPz Zj _1)(e 1e

ipzzi-
(2.14)

carrying ount the integration of (2.12) using (2.14) we

will get the value as

(2) L 1ea® ), )
I fHEA T [ -3 +(——-—-—-—)—§—+ 4N° pop (- 2 57, )
, 6 Q2
(wot— ) 1)(d%, 67, 82 ) + 322 = ap )
)\2 + q

2 2
...P.\.?_.( - —8-;\-'1) )\ 5 Il(q ’ Tl’ T )'*’16(1 ("a)\l )

7\*-1-5 I(q,rf,s ) + BN°DOP (-

7\2
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2 2 2 2 2 3 1 3
ll(q s 12, B )+ 64N"a ( - b/\l ) =5 mp(_a 2)
A A
2
1 2 2 32 1
—== Il(q ”.1,1.2 )y ] - = L 4 5 2 _ 6BB
2 i (A A3
12 ' '
9B 2 2 2 4 8BB' = 12B'%
+ i ——
. )\ 2 Il ,(C{ ’ Bi ’ ﬁi )" )\ 2 ( )\ 3 + )\ 4
3 3 3 3
1 2 "2 2 2, 3 y 1
3 ' 3
2
' 1 d 1
(- & )—1— 428" (-2
0B 2 3B 2 2 2
As N2 oot A,
2 2
2 ) 1 o) 1 2
+ B - - I.( )]
) g ,u u
387 N2 08° A, 2 1 2
(2.15)
2 2 2 2 2
. 2 2
Here Tl = Bi + Al 3 12 = ﬁi +>\2 s U = ‘Bl + )\3
1/2 1/2
T (2" - aBf + B° )
' A3 . . .
and B = ( =3 ) B . The integrals I, is defined
and evaluated in the appendix
AE A . . .
5i = o R E is the excitation energy.

e have taken the value of AE = .08825 which was

calculated by Vijayshri ( 1985 ). The expression for
(2)
f

HEA

Re = can be written as
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fe £ Re 182 L pen g2  (2.16)
[} =2 e + e .
HEA HEA HEA .
where
(2) 2 w d (2)
- 47 P
Re 1 f = " PJ o % v (2,17)
and
(2) d w0 (2)
-2% 2 2\l
Re ZfHEA = —k-: ('—"b Bl) @f dp —£ dpz (p + o\, )Ufi
(2.18)
The notations are defined in Chapter I -
Carrying out integration using (2.17) we will get
(2) 3
Re 1 fyz, = 3 [ -3+ 5% ——-——-—l\é 5+
T ki (N + q7)
1
2 o) 1 2 .2
4N“ DOp(- ) I,(q",B5,0)
3 o) 1 2 2 2
-+ 24 « (“ gjq ) ;g? 12(q ’ Bi 9)\ )

2 2 \2
9 ) 1 12(q ’ Bi ’ Ai) - 64 a3N2
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(2)
For the calculation of Re 2 fHEA we have omitted the

(2) whose contributions are negligibly

cross terms in Uf
i

small. Hence

(2) 1 2 . 3 d
Re 2 f = =——5—=— [ - 6a" (z— ) (- )
HEA o2y 2 RN O,
2 2 2 6, 52
I,(q, By » Al )+ 32 o ( 56, ) a,KQ )
1
1 2 2 |2 2 2 2 L,z
_5;2. 12 <q ’ 51 ) >\1) - 14(q ’ ﬁi ,)\1,)\1)
1
161\32(-@-—)90(-9-)1(2 2.35)
- 3P p - N o\ g tBi ’ A‘l
2
3.2 .9 d -3 1
- 64 o” N° (=—==%) Dop (- =<x) =
g X, Bhy A2
2
Iy (@ 5% AN (2.20)

The integrals 12 and 14 are defined and calculated

in the appendix.

We may obtain f; by simplifying (1.32) with n = 3

3
for Li atom.
1 2
f. = f. + 1. (2.21)
1 H \ 5 a X 1 H
where f. = 2f + 8N° Do —

(2.22)



H Ai o)

fo (AN g) = ( E=—p )
Gy M8 16( 2)3 2,3 ox I+ %2
2 i
2 2 2
1+ x= o
{4[1,4 D ) 2A<x>§
(2.23)
5 2 e (_xz n
with A(x) = 2(In x)° + Yol L *-%— , x £1
n=1 n
n
) (-l/x2)
= - § — 5= , for x> 1 (2.24)
n=1 n

X being equal to q/% .

1
2
fG can be obtained as
3
2 1 oo
fo = - —5 J b db JO (g b) [1112 + 1213 + 1411 +
3 ki o
2 2
I 13 - 1516 - 1115 ] (2.2%)
where I = <o AT ] g, >
I, = <o | A1 ] ¢y >
I, = <O | AT ] $y > (2.26)
Ig = < @23 |A 11 | q)25 >
15 = < pls l Al i @25 %

Ig = <@ | AIL ] §ps >
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with
2 by b,
AI = 1n(1- —¢= Cos §,+ —;5 )
2
2 b b
AIL = In® (1- —g% cos ¢, + k=) (2.27)

Substituting the values of @ls and @23 from {2.5)

and (2.6) and carrying out the integral over z we obtain

3
) >\1 R 2
I, = -a- {bl db, Kl()\lbl) ALN1 (b,,b) (2.28a)
)\9_
A S
I, = T of b, db; Kl( ,\l bl) ALN,, (bl,b) (2.28b)
L, = 2N T 5,2 db, Dop (AN JK (A by)ALN, (b, ,b)
3 = = 4 P11 PP 350, K LA By ) ALN, (D,
(2.28c}
I -2N2°fb2db bop (A A ) K. () b,) ALN,(b,,b)
4 = Tx 1 1 P s AP 2\ Py
0 KA
(2.284)
3 2 )\ .
A ALNE /2 = 5 . N3 o
g =5 (F5) J byT doy (14 = 5o5=)
0 3
K.}. (/\3 bl) ALN}. (Dl, b) (20289)
1 N7 2 N3 3 _
Ig = =(——) ({bl dby (1 + 3 é7\3) Klo\ag,l)

2
ALN,, (bl,b) (2.287)
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where 5
2n 2b, ‘ by
ALN; (b;,b) = df In (1 - —== Cos ¢, + 7;5 Jap, (2.289g)
- 21, 2b, b,?
ALN, (b,, b) = { In® (1 - —= Cos ¢, + 7 )dp,(2.28n)

and Ky (A Db) are the modified Bessel functions of the
second kind. The integral (2.24) to (2.25) are perfor-
med using suitable numerical integration techniques

(Vijayshree 1985 ).

Thus using the above equations we have obtained
the DCS. and the TCS for elastic scattering by Li atom
from 100 eV to 400 eV and from 100 eV to 1000 eV

respectively,

2.4 RESULTs AND DISCUSSIONS

The present DCS calculations for the elastic .
scattering of electrons by Li atoms from 1C0 eV to 400 eV
are given in table (2.1) to (2.3) along with other available
theoretical data. The results are also shown in figures
(2.1) to (2.4). It is quite unfortunate that the experi-
mental data is not available for comparison at these ener—
gies. The experimental results are reported for incident

energies 20 eV and 60 eV which are too low for the

present approximation.



+ 50

As mentioned earlier-the main advantage of .the
present approximation is that it is computationally simple.
More over the problem of divergent integral is not there.
All the integrals are convegent due to the presence of Bi
term, If we put 51 = 0 in the present HHOB terms we
will get the corresponding terms in GES ( Glauber
eikonal Series ). The imaginary part of the second HHOB
term will not diverg for forward elastié scattering due

to Bi term.

Here we have compared our results with those
theoretical data which are agreeable with the experimental
data in low energy region. Vijayshri's (1985%) are quite
agreeable with the experimental data. For 300 eV other
results are nat available except FRao and Desai (1983).
For 400 eV we compared our results with those of Rao

and Desai (1983) and Chandra Prabha (1985).

‘ From Table-l we can see that the present results
are quite agreeable with the MGA (3SP3M) then MsA (IC)
of Vijayshri (1985) for all angles.In MGA (IC) she had
ignored the core altogéther. Hence the results are lower
in all angles. In Table - 2 also we can see that the pre-
sent calculations are more tlose to MGA (SP5M). These
supported the fact that in any model the inclusion ol core

is necessary due to the deeper penetration of the incident
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particle into the atomic core ( Chan and Chang, 1976 ).
The results of Yadav and Roy ( 1986 ) also used single
electron system. Hence their results decreases our
results for 100 eV and 200 eV in all angles. In
figures (2.1) and (2.2) we have shown: the results
of 100 eV and 200 eV alongwith other results. From
figure ( 2.3 ) we can see that Rao and Desai's resu-
lts are lower than thatof ours for all angles. They
also considered Li atom as single electron system
and calculatedvthe DCS wsing HHOB approximation.
This again emphesis the need of considering Li atom
as 3 electron system. In figure ( 2.4 ) we -  compared
our results with the MGES of Chandraprabha ( 1985 )
and Rao and Desai‘(l1983 ). Up to 70° our present
results are greater than that of their's . After that

our results decreases.

The table { 2.4 ) exhibit the individual ’
terms of the present HHOB scattering amplitude. The
real part of the second term account for the polarisa-
tion effect . The absorption effects are taken care
of by the imaginary term. A survey of the table (2.4)
Teveals the fact that the absorption effects are more
important than polarisation effects in alkali atom
scattering. Vanderpoorten ( 1976 ) compared the optical

model and Glauber Tresults. He has shown that the two
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results almost coincide in the small angle region,
which reveals that the polarisation effect is quite

insignificant in alkali scattering .

The * EBS method which giv?s good result for
e ~H and e - He gives higher values in the case
of e - Li scattering. It could be because of the
non cancellation of higher Born terms in the case of

e - Li scattering.

The total collisional cross sections for e - Li
scattering are given in table ( 2.5 ) along with other
data. It can be seen that MGA of Vijayshri ( 1985 )
is very close to our results up to 1000 eV. We have
also shown the results of Tayal ( 1984 ) in the simp-
lified second Born approximation and the corrected
static approximation. Their results are higher than
our results. The integral elastic cross-sections of
Guha and Ghosh ( 1979b ) and Wadehra ( 1982 ) are
also shown in table. A compariéon of the present results
with the integral elastic cross section shows that
the contribution - of the inelastic scattering to the
total collisioﬁal cross section is important over the

whole energy range considered.

In the light of above discussion we can conclude

that our present formulation is good for intermediate



53

energy range. Since the experimental results are not

available in this energy

region it is not possible to

do a complete analysis of the present theoretical

results.,
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