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CHAPTER - III
. ELASTIC SCATTERING OF ELECTRONS BY NEON ATOM
USING THE HHOB THEORY.

INTRODUCTION :

In this chapter we discuss the HHOB theory to study the
elastic scattering of electron by - Ne atom. A number of fairly
accurate measurements of the aboslute differential cross sections
for the elastic scattering of electron by neon atom at low,
intermediate and high energies have become avaliable ( Bromberg
1964, Fink and Yates 1970, Crooks 1972, Oda et al 1972, Furness
and McCarthy 1973, M.Inokuti and M R C McDowells 1974, Byron and
Joachain 1974a, 1976, 1877, Bromberg, 1974, 1975 as quoted by
Jansen et al 1976, Gupta and Rees 1975, Williams and Crowe 1975,
Kurepa and Vuskovic 1975, Jansen et al 1976, D P Dewangan and H R
J Walters 1976, Du Bois and Rudd 1976, Jhanwer and Khare 1976,
Riley and Truhlar 1975, 1976, Bransden et al 1976, F J de Beer et
al 1978, Bonham and Konaka 1978, B L. Jhanwer et al 1978, R W
Wagenaar and F J de Heer 1980, W C Fon and K A Berrington 1988,
Kaupilla et al 1951,~D.A.Kohl and M.M, Arvedson 1981, D F C Brewer
et al 1981, D.Thirumglai and D.G.Truhlar 1982, Y D Kaushik et al

1982, G. Staszewska et al 1983, R P Mc Eachran and A D Stauffer
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1983, Coffman and Fink 1985 ,S Y Uousif and J A D Matthew 1986);
hence its theoretical study 1s of interest.

Calculation of the phaseéhift using the parfial wave analysis
method using the sfatic interaction is also reported by many.

The methods for the measﬁrements of the differential cross
section were‘based on, static —exchange -plus -polarization -and
-absorption model potentials, use of Hartree -Fock results for
static potentials, use of seﬁiclassical exchange approximation,
and the absorption potentials applied especlally for low angle
scattering in the energy range 3¢ 1@ eV, variational matrix
;effective potential (MEP) method, energy —-dependent polarization
potential gnd dispersion relation, localized central potential
method applied for the énergies betwaen 1900 -1000 eV, where the
results are in satisfactory agreement with the experiment results
for E = 200 eV. Optical potential from quasifree -scattering model
where the absorption potential is made localized and energy
dependent and is a function of the electron density of the target
applied at 30 -3¢ eV, where reaéonably good agreement with
experimental data is found. R -Matrix calculation at 5 -200 eV.
Distorted -wave second Born approximation applied in the energy
range 10€ eV to 3 KeV, where the agreément is not remarkable.
Considering the effects of polarization and exchange in low
-energy elastié scattering are also reported at 5 ~-50 eV in the
angular range 8 - 188°. Polarized orbital method , where the

polar;;atiqp_potqntial is obtained using the Hartree -Fock -Slater

[



127
(HFS) approximations is applied in the energy range ©-1 Ryd.
Modified Born appro;imation is studied in the energy range 45 -
75@ eV, where the results‘obtained is quite different from those
obtained by the partial wave method. Local density approximations
to the exchange and coorelation potentféls using the Hara exchange
coupled with a Hedin ~Lundgqvist c¢orrelation at high electron
density is also studied. Use of Born approximation using the form
factor to calculate the elastic differential cross section in the
energy range 100 -700 eV in the angular range 2 -5° , indicating
the situation is not clear for neon atom and concluded that neon
atom behaves anamalouly where the data obtained through this are
in poor agreement with the others. Charge cloud polarization
effects is applied in the energy range 108 -508 eV for the angular
range 5 -160° . Eikgna; ~Born series method for the optical -model
formalism and stat#é iq@qra?tion which accounts for polarization,
absorption and exchaﬁgé 'effécts and ab 1initio optical -model
theory is studied at 1?0_j>79@ eV , where the agreement 1is found
excellent with the absolﬁte experimental data. Byron and Joachain
.in their maﬁuséript (1977) did not account for the absorption
effect. These absorption effect ﬁere taken into account by Jhanwer
et al (1978). |
Jhanwer and Khare (1975) have obtained A by demanding that
the total 1inelastic cross section in +the Born approximation
correct upto k * 1s equal to that given by the sum rule of Inokuti

et al (1967). Suchia procedure has yielded,
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A = ~§ exp [L(-1) / S(-1) j
where L(—l)‘and 8(~1) are the properties of tﬁ; target and require
the oscillator -strength distribution for their determination.
L{-1) and S(-1) for néon atoms have been computed by M Inockuti
(1975, in their private communication) and are equal to 2.394 and
1.94 respectively. Thus, A for the neoA is equals to 1.717 a.u..
Jhanwer and Khare obtained the DCS and TCS for energies varying
from 160 eV to 1 keV are in tﬁree different approximation viz.,
the static -field (SF), static field Polarization (SFP) and static
field -polarization -exchange (SFPE) approximations. For energies
E =2 200 eV and 3990 eV, inclusion of polarization effects
considerably improves the results at low scattering angles. The
inclusion of exchange further increases the cross section by a
small amount at small angles. In general the results are in
satisfatory. agreement except for large sScattering angles. The
agreement between the 'theofy and experiments 1is expected *to
improve further if a better ground state wave function is taken
and the absorption ggﬁgctg ?{e taken into account.

However for. large ;aqgle e;ectron -{positron—-) atom elastic
scattering eikonal methgds may lead to serious inaccuracies in the
intermediate -energy -region. Since the large angle scattering is
dominated by the short range static potential. The static
potentials obtained in this way are very simple and behave like %Q

at small distances, and fall off exponentially outside a distance

of order of the size of the atom. Because of the strong Coulomb

.
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potential,it will play a very important role in large -angle
scattering With this type of calculation it was clear that
agreement is better at small §ngles than at 1large angles. First
Born approximation:dgés‘vefy poorly at all angles. Inside about
20° the lack of a polarization term and omission of absorption
effects are very serious. A 1likely reason for this is the
absorption and exchange, tend to cancel each other at large angles
and have to be‘ handied very carefully 1in order to achieve
excellent agreémenf with the ‘experimeni. Further absorption
potential 1s treated using the Glauber approximation. Another
source of error 1s in inaccuracy for the ground state wave
function for the atog also leads to a discrepancy in the results.
Dewangan and Walters (1977)iapplied a distorted -wave second -Born

approximation to calculate the oel and ot at incident energies

ot
of 208 eV and higher. Their elastic cross sections are
systematically too‘hiéh_QyAQb‘~4Q X. Jhanwer etal (1978) applied a
real effective potential of the SEP type. Since they neglect the
absorption potential for their method yields zero for Oubs This
probably also explains why their calcﬁlations overestimate Tl in
at 200 eV and 490 eV. Fon and Berrington (1981) performed R
-matrix calculations in which the ground state wave function is
coupled to alP psegdostgtg. These calculations are in excellent
agreement with the experimental differential and integral elastic

cross sections at both 15@ and 200 eV. Devarajan Thirumalai and

D.G. Truhlar (1982)‘§pplied HEP model which was very succesful
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at predicting the integral and differential cross sections for
elastic\scattering and absorption cross section for electron -Ne
collision at 150 - 7UQ‘eV; )

Having feviewed the work‘reported and the methods used to
study the electron -Ne elastic -scattering, we report here the same
process but using tﬁé ﬁigh Ene?gy“Hiéher Order Born approximation
(HHOB theory). We report iére the ‘calculatibn of differential
cross secfion and total cross section in‘the wide energy range 10¢
to 700 eV for almost the netire angular range.

Hence motivated through the limitation in the calculation
involved in +the above stated methods and overcoming the
shortcomings in the methods used earliar. We report here the
calculation of DCS and TCS using the HHOB approximation.

Having reviewd the HHOB theory in detail (Chapter II) and its
complete studg, wgvéexiénd the HHOB +theory for the elastic
scattering of electrons by neon atom. We use the Hartree -Fock
wave method and‘use“of Clementti aﬁd Roettie +tables for the
orbital calculation,_Thel;n§§r?ction/potential between the target

neon atom and the incident electron is given as

v. - _Z28

q £ + F  po—te——z ( 2 = 10 for neon) (1),

where the symbols have their usual meaninigs. The full interaction
is considered where,we haye not neglect the c¢ross term arising in

the calculation. Hence thq whgle configuration is taken care. We

3

. e - - - -
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also calculate the third term of GES (Gkauber Eikonal Series)
method and instead of third Born term we replace the third“ GES
term. Hence the consistent picture of the scattering amplitude
through O(kiz) in the HHOB theory is written as discussed 1in the
chapter II. To calculate the wave function more accurately we use
the Hartree ~Roothan -Fock wave method, where we used the
Clementii -Roetii +tables for +the orbital calculation. Wave -
function obtained through this method for neon atom 18 m»ore
accurate. We treat neon atom as ten electron system and we include
all the cross terms arising in the calculation. Further, while
performing the calculation of the terms of the HHOB theory i.e.

f§12>t (first Born term); Rel féﬁi (first real part of the real

term through O(kgl) and Re2 féﬁi (second term of the real term
through O(Kzz) ). The wave functidén using the Hartree -Fock wave
method is just the sum of contributions from each Hartree -Fock

orbital. The orbits for the neon atom is written as,

2
¢18(x1) = (§ﬁ)z [ iz&ah exp ( Xi gt 12% Ai r,exp (- 15 ) ]
(Za),
1 2 - 6
?1a(Ep) = fiﬁ)z [15;31 exp (-\,;r,) + iES Ayr, exp (A r,) |
6 (2b),
#28(E3) = (412 [ E (D1 oxP (Hyrg) + B Byry exe (hyry) )
(2¢),
1 2 6
¢23(I4) = ﬁmz [ i}:lB exp ( ki 4) + 1_1;3 Bir‘ exp (—)\ir4) ]

(24)
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16 10
., 3172 i -
®oex(xs) = (gp'/2 10 0 [ I E Cyrg exp (Fgrg) ]
(2e),
19 10
= (-H1/2 i¢ -
Popx(Eg) = (ag) Sire e [ gz? sz Cirg exp (A re) ]
' (a21),
16 10
1/2
@ (x)=(-§) Cose [ T r C,r., exp (-:_r,) 1
2Py 7 471 =7 m=7 + 7 n7
(2g),
10 10
1/2
¢ (L) = (G Cose [ E £ C.r, exp (-A_r;) 1
(2h),
: 16 10
- -31/2 i¢ -
Popg(Xg) "«(81:15 Sire e ! 157 mz::'l Cyrg exp(-X rg) 1
(21),
19 10
Popa(Erg) = (g7 Bime o' I I, I, CiTig o (Pypmg) !
- m=
(23),

where the exponents A's , Bs, (s and x's are defined as follows:

-Al = 55.7513411 ; AZ = 1.11825991.; As = 3.6104 E-94
A4 = -9.9102605 ; A5 = 9.3254186 ; AB = 3.8125783
kl = 9.98486 ; kz = 15.5659 ; Ks = 1.96184

A4 = 2.86423 ; ks = 4.82563 ; Ag = 7.78242

B1 = -13.47907 ; B2 = -P.1449469 ; B3 = 1.159265686
B4 = 19.6877485 ; B5 = 18.2b468 ; B6 = -27.149262

C1 = @2.639b614 H 02 = 5.3915624

03 = 16.1985631 ; C‘ = 5.45134867

k? = 1.45208 H AS = 2.38168

Ks = 4.48489 H Alﬂ = 9.13464.
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We then calculate the complex form of ¢’s 1i.e. ¢* » and then
we take tﬂd product with the ¢’s which is total charge density of
the target atom. Tﬁis is nothing but the ground state wave
function for the target atom. The product ¢*¢ is used to evaluate
the terms of the scattering amplitude in the HHOB approximation.

The cross terms arising in the product ¢*¢ are all
considered as well as the target atom i.e. neon is conslidered as
ten electron system. h

We themn perfqrm the calculation of the terms in the HHOB
scattering amplitude for the energy of incidence from 12 eV to
799 eV for the wide angular region. We then compare ‘our results
with experimental and theoretical results in the tabular form as
well as'ihroush graphs also. And in the last we have discussed the
results produced by this method with the others.

We now directly write the terms of the HHOB theory and then
evaluste them to a sixpler fbrnﬂ We also use the Static potential
i.e. V , and the use of Cox -Bonham parameters is also made to
evaluate the term which is used in the chaﬁter IV. We first +took
the fourier transform of the interaction potential as we took in
the cahpter II for the various target atom. Since it is conluded
that the first Born term does very poor at all energies and  at
all angle for the neon atom we use the static potential
expression and we use the Cox -Bonham parameters and we write
directly the expression for the first Born term using the

followiﬁg equation for neon atom as,
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(1)
fi-~>1

i

- Lo f ary exe(i (ax,)) Vi) (2),

8

20 z i ST (3):
J=1 3 qz + )\g

where the » ’s and A ’s are defined as follows:

7y = 1.2524 , Y9 = -9.2408, rq = 3.5572, vy = 1.7522;
rg = -3.57568 , rg = -1.7401 and

k1=2.7495, )‘2 = 22.8979, 7\3 = 9.5848, ?x4 = 15.8991;
ks = 14.8774.

The imaginary term in the HHOB theory for the neon atom can
be written as,

(2) _ 4n° ~ ~
Im fuga =k, JapUp(a-2-8;7 ;2 +8¥ £j....X4g) (4),
The term UIm‘ s eeashresune [ ) defined as,

gl_cs-p—ﬂi;;pmi;;xl ..... 5 =S TITSIfITT avy.

19 —al. _
""dvlﬂ W; (xl""xlﬂ) wi(xl""xlg) {1 §=101t9 El hi 1ﬁizi
10 ip-b, + 18,z

where the product of the ¢*¢ gives the total charge density of the

target atom, which is nothing but the ground state wave function
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of the target atom. This can be obtain from the set of equations
(2a to 2J). Where we write the individual terms and the compound
product of the ¢°¢ . After substitution of ¢ # and using the
Fourier transform of the interaction potential we solve the above
equation to get thé final form of the imaginary term +through
(k") as,

2,-1, 320

0 Z 8
mefB) =By 2&1@ 1,(a%, £%) [-D(r )%(e%+ 2%)7he 3283 14 ¢ A2

3
i i=3

2 -
@%eh 1 -z o xa®ea®7t - 8385y . g, 1,(e%.6%)

_ 2 ,..2 -1, 328 2 2 2
L2005 e agp)™h + B3 v 2 aaay 1@t 0fo )
" 3=3..8

1#£3
2, .2 ,-1, 968 2 2., .3 2
(a +-xij) + *1; ] 4-i§§,43§1A3 I,¢a".A) -2D (§13) (%8, )
J=4,5,6
143

-1

2 DA, )
3840 2 Dy 2 .2
2255 ] - 49 ¥ AS ——-22 I_(q%,n%, 2
*13 1=t N T

2

i) - 40 ¥ A

: D(x;,) '
2 ,2,2, _ _o-12 2 2,2 :
I;(a%.3A ) 80 AjA, —-37-2 L,(a%.A{,AT,) + 88 i{-:l ) AjA,
J=3,.,8
2 1#3
D(x, ) )
_--1J 2 2,2 2 2.2
21 JEE A - 13
X1y 1(a7 B 4) 80 [ AsA, aoo2 1(a%B0AT) )



2 i 6
-2 2 2 32 - 2,2y1 , 320 2
* -5 {1};:1 By I, (@%.87) [ -DO: )% (q™Hy) = + >‘13] + 12-:1381
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nsh 1 -2 00 ¢ @ladyt - S50+ 28,8, 1005 8D

2 -1 320 2 .2 2
= 20(’\12)* (q. "‘7\12) + ""i"" 3 ] + E BiBj Il{q ’Bi) [zn ()\ij)*
6
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(a ﬂij) + )\134 ] +i§3,4?53133 Il(q .Bi) [ -2D 0‘13)*(‘1 + 3“)
J=4,5,6

1#3
g 6 DA, )
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2
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=1 m=7
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i #4
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(- =g rfagnxa®alyt ¢ pagxa®al)™ + 3l o 82

a n
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,4 n=8,9,10 )
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' 2. .2 -1 2.2 -1 7688 1920
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Il(qz.ﬁz.kzn) Iy + thg other cross term of different combination

(8),
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integration. In addition to the above terms of the equation (8) we
have s0 many cross terms of the product of the ¢*¢ . We are very
sorry to mention at this stage that we have not written all the
cross terms but while preparing the computer program we use arrays
in such a manner that it does the calculation for all the terms
appearing. These terms are too long and also it consumes 1lot of
space. But we have prepared a program with arrays properly
defined, which take care of all these cross terms. We also do the
same for the real part thorﬁgh O(K;l) and for O(kzz) of +the HHOB
approximation. Hence here due to limited intention of £ext we have
not shown the cross térms. But one can go through our computer
program and coding we have done which take care of the terms. Then
we use the first term of the real part in the second Born term
through O(k;l) 1is written as, '

2 +0 dp
2
Relfégi = -5 (}’-" fdp_mf'('f,;:ﬁf) U( )(g~p~pv,2+py)
(n,
where the general form of U(a)( ....... e s e ) is,
0, X v, Y ) =<y | VB T | vy > (8).

The evaluation of the above integral can be done in the same
manner as we did it in the chapter II (for the case of hydrogen,
helium and 1lithium atom). The only difference between the
imaginary term and the real term is that, instead of fy in
imaginary one has to replace it by P, part only.

Woe write 0(2)( a-p-p, y, p+Pp y) is equal to,
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| vy > '
Substituting the fourier form of the potential V ’'s from the
set of equations (9 and 1¢, chapter II.) and substituting in

equation (7), we get

2 ) 400 dp :
(2) _ _ 407 1 .o gp [ —meemBoe ccmcmeem o cme— e e
Rel fgyy = = T, 474 P J d2f

* 10
vev;{L e

10
ta -el-by = 1p.2y _ yg (5 &'® -By T 1775 1ey
3=1 =

We use the same method of Yates (1979) of evaluating the real
terms through O(K;z), vwhich is discussed in detall in chapter 1II.
Hence we write the straight forward solution of the above real

term of the HHOB scattering amplitude in terms of the integrals
term like Iz(...), 12’(....) and 13(...) as follows:

3
’ 2 DA, ) 6 DA )
(2) _ 2, 471 2 1 2 1
Re2 fgiy = - (21°k) " { [ - L Af -3---35- - E_ Ay -5-=—33-
HEA T Rerar "i R N I ’“i
2

AA 212 AA,  —gntd AA
- AA e + T AR = -

12 27) "fz 15,2 L3 20 ’*fj im3,4,5 13
3=3,..6 3=4,5,86
1£3 1#J

3 '

DY (2, ) 2 DA ) 6
—————— 311 1% %, @) + [ -pB% 51 - § B2
qQ” + X i=1 q®“+ 1=3

13 1
p(x)) DA, ,) D20, 4)
Zaxz BBz Y E BBy 3T -
1 a 12 ’ 1 13
J=3,
i3



137

3
DY(N, L) 4 18
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xan 2 1% mn i=l1 m=7 1 Nn 2 1
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I,(a“,B3,08) + 4 ——-=- 2 1,(@°.85. 2% - 120 T T c,C
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2Dv(x_ ) _ DA_) 2 2.2 D(K-n)
: mn 2 52,2 Somn oy 02 52,2, , __ mO 2
- . 2 I )ﬁ sk ) + 4 I (q vﬁ !x ) +
C A z‘q i’ " mn xnm. 2 1" mm knn
2 2 D(A,) D(M )
2 2,2 . 2 T %, -3 2 2,2 —
Iz(q 'ﬂiv’)‘-n) ) +{ 2 Ei:lzj::],Ai ,\12 J\32 Ia(q 'ﬁi”\ij) +

————————— plué the Sthsr cross terms for different combintation.
’ (19).

Similarly for the second part of the real term of the HHOB
approximation through O(kzz) is written as,

(2) __ 20
Re2 fopp = - "k

NN

3-—;;: J ae _OJM ”;g%i (p° + pi) Uﬁ’(....;..)
(11).

Where we have not neglected the cross terms eventhough their
contribution is not very large. This is because we consider the
target atom i.e. neon atom. as ten electron system. Hence we get so
many cross terms in the expression. Besidez to write all these
cross terms within the limted text is really a difficult task,
hence we have not shown the cross terms for the second part of the
real term i.e. through O(kiz). But one can check our computer
program and its array defined where the cross terms are being
included in the final expression for all the terms i.e. imaginary
part, the first part of the real term through O(k,) and second
part of the real term through O(kizj. We also follow +the same
technique to reduce the above equation (11) to a simplerAforn like

equation (10).
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We write the equation (11) as,
*ﬂdez

(2) 2,2,-1 2. &  am  f eeB -
Re2 ¢ = - (N7k}) 35 dp

10 3 _ 18
v vy 1C | otaRlBy iRE; 4 ¢ §

i=1 ' i=1
olR-Ry ¥ 1P,25 _ 155 (12).

We then use the product of w* y using the set of equations

(2.0& to 2.83)) in the above equation. We here write the straight

forward solution of the above equation as,
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1
y sg - -=2 I 10 }] ~24G z c,C (4
j=2,3,4 n=8,9,10
1i=] m=n
2
D(x_) D) 2 2
=4 157(8.0) - 1,202 + 4 R AT(R4,0) - Ty A]
2 2 D(x,) DA,
2 2 ,_ Tyl T 3. 2 .2.2.,2, . _______ .
+ zigl Ai %:183 ¢ NE xz ) 14(q 'ﬁi’ki'xj) +
- i 3
plus the othercompcund cross term ) (12).

Here also we have not written all other compound cross term
to reduce the text. Our program show that it calculates all other
compound cross term.

We then use the-set of equations (6,19 and 12) to evaluate
the scattering amplitude in ﬁhe HHOB theory. Instead of the third
Born term we evalua£e the third Glauber term, so that a consistent
picture of scattering amplitude through O(k;2) 1is obtained.
Further, if éne ;odkg\;@Atbelexpression of the second Born term
for the case of neéghgt;m, is top cumbersome and too long. Hence
to avoid all this discrepany and computational flexibility we
replace third Born term by +third Glauber term. We have not
included the exchange for the case of neon atom. But one can
always include the effect of exchange or the higher order exchange
wdterms in‘the calculation. We use the equation (2@,21? of chapter
-I1) to calculate the differentlal cross section. We report here
the calculation of the process of elastic scattering of electrons
by neon atom for 10@ to 400 eV energy range in the angular range

@ to 180 deg. The third Gluber term is calculated as follows:
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THE GLAUBER APFROXIMATION :

| The Glauber approximation is a many body generalization of
the Eikonal approximation for a direct collision leading from
initial state | @ > to a final state | n >. The Glauber scattering

amplitude is given by

K 5y .
tq =g J @%b &P im|{ %™ - g0 (13,
where the Glauber phase shift function is given in terms of Vd as,
1 +co .
xG(hJX)::—i__mf vd (blzxX)dz (“1)’
where integration is being performed along z - axis perpendicular
to g . ¥here V& 18 written as

8 IR

V. = - E 4 g ool (15,
d r T ayn I 5r ,

- Row expanding the bracket exponent terms in the equation
(13). We have

Ixg( b, %) _ = 1422 1 .33

negelcting the higher order terms after third term we have,
: 1,22 1.3 _3
xg *+ 3771 + 1" xg

e T3T
Now, to have < @ | V, | @ >; when we take from | n > to
| 2>. We can have a sum over all n state, hence the above ters

can be written as

E <@ | V| ®8><n| Vi | 8> and this is nothing but,

<o | vyl e>“<~a"’|""vd1 8>

which is nothing but the form of the static potential. Hencs, Vd

can be replaced by vst' Hence, equation (!4 ) can be rewritten as,
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1 o
XG""E” fvst(haa)dz .
Hence, we write the expression of the Glauber acattering amplitude

as,
+00

k i ia-b 3
~~~~~ 3 e db {_,J Vg (b, 8) dz}
Now we have choosen y =h + & n, such that b is always
perpendicular to =. ‘
Now, writing the expression for the static potential using

Cox ~Bonham parameters for neon atom as,

z zn(x) zn(x) m N
Vst(x) = -3 T and, e i:zi vy exp (- ir)
Bence,
] R ‘ V
Vae(E) = - &~ 12_31 vy exp (\yr)

Substitution of thé above eguation in ( ' ) we have,

We simplify therabove equation further to get the simple
analytical form. We then compute it wusing +the numerical
tech#ique 9; Gaqsa\ggadyﬁtqre rqle to calculate the Glauber term
appearing in the expression of the scattering amplitude. Where the

values of the Cox -Bonham parameter 1.e. y s and A s are glven

as follows:

Ay = 2.7495, X, = 22.8979, Ay = 9.5848, A, = 15.8901,
Ag = 8.5938 and Mg = 14.8774 ;
ry = 1.2524, 72 = ~a 2468, 73 = 3.5527, vy = 1.7822,
rg = -3. 5758 and 78 SR T
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RESULTS AND DISCUSSION : |

We perform the calculation for the differential cross section
in the energy range 100 - 40@ eV with the angular range 5 - 189
deg. We compare ou? rééﬁlts calculated using the HHOB theory with
the other theoretical and experimental methods available. We
compare our results ih the tabular form as well as in a graphical
mode also. We compare our results with methods described in the
beginning of this chapter.

As concluded by many workers that the accuracy in the wave
function is seeking and the full interaction should be considered.
Where the effect ofmpolariiation, absorption are to be handled
very carefully. ‘ »

We calculated ths'ground state wave function for +the neon
a}on accurately using the Roothan - Hartrre -Fock wave wmethod,
where we used the Clementil -Roetii tables for the orbital
calculation. After having the accurate wave function we considered
the elastic scafte;ing of electrons by neon atom through the
interaction poténtial. We also use the Fourier +transform of the
inter action potenfial. ¥We calculate the integrand involving dp ,
dpz accurately.

The terms appeared in tye expression of +the scattering
amplitude in the'HQOB theory are calculated accurately. Each terms
are calculated individually and,then at last the final sum is
pe;forned to get the scattering ampiitude for the calculation of

the differential cross section.
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The differential cross sections and total collisional cross
sections are oalculated for - -Ne atom Bcatterins for a variety of
incident energies and a wide range of scattering angle using above
discussed‘BBOB theory. As mentioned earlier the main advantage of
the present approximation is that it is computationally simple.
More over the problem of divergent integrgl is not there. All the
integrals are convergent ?ue to the presence of ﬁi term. If we put
fy = B in the present HHOB terms we will get the corresponding
terms in the GES (Glauber eikonal series). The imaginary part of
the second HHOB term will not diverge for forward elastic
scattering due to f3,.

We did not neglect any of tﬁe cross term contribution in the
caloulation; We discuss the calculation of the differential cross
section calculated in detail for the 108 oV first.

It is quite unfortunate that the experimental data and
theoretical data for the given range are not avallable for the
complete angular range i.e. @ - 180 deg. Although there are some
methods which calculates for all angular range for a particular
value of the incident energy and they are compared. Hence we
compare and discuss our results for that angular range and energy
range.

It 18 well known fact that the EBS results over estimate the

experimental results for all energles. This being due to the fact

that the Glauber series converge slowly.

As expected at low scattering angles agreement 1is better

LRI
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compared to;thc high scattering angles. This is due to the mutual
cancellation of absérption'and‘polarizaticn effects. The agreement
can be improved further 1f the absorption and polarization effects
are handled carefully and large scattering angles. Here k part
of the real term partly corresponds to distortion. Where it 1is to
understood that the distortion is not complete one. This term
where partly the distortion of incoming wave and target wave 1s
taken care off.

To have the complete account for the distortion we have to
design a separate model or we can use the DWBA (distorted wave
Born approximation).

Table III.I and III.II compares the present DCS wvalus with
the theoretical and experimental results at a inocldence energy 190
eV and 200 eV respectively. The results are compared up to 58 deg.
with the other results:. It can be seen that the present results
" are in better agreement with the experimental results at small
angle of scattering. Afterwards the discrepancy is observed when
it is compared with the experimental ressults but this discrepancy
observed 18 within the error 1limit. The results are still
comparable compare to the other results avallable. At large angle
this discrqpqnc? iggsggg? :q?tger, but still one can compare the
results at large scattering angle with the other theory. We find
that for both energies i.e. lﬂé eV and 20@ eV results are close to
the results of Byron and Joachain (1974bf76).

TableAIII.III also compares the differential cross section
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for energy of incidence 4@@ eV with the theoretical and
experimental results for 1@ to 180 deg. We find that our results
are close to the results of Devrajan Thirumalal et al and also
very close the results of Byron and Joachains (optical wmodel
calculation). We find our results also agrees well with the
experimental results of Gupta and Rees within the error limit.

Table III.IV gives the present differential cross section
value for the energy- of 1nqidence starting from 100 eV to 428 eV
in the angular range 5 to 180 deg. Results are expressed in ag/sr.

We also compare our results graphically also. We find that at
large scattering angle the discrepancies between the results
obtained increases further. This 1s due to the fact that HHOB
approximation is foﬁnd po glve better rgsults at high energy and
for small angle of scattering. In figure III.I, III.II and III.III
'shoys the present differential cross sections for the energy of
incidence 100 eV, 200 eV and 400 eV respectively. As energy of
incidence'increasgs further the disorepgncies at small angle of
scattering is neg;igible but at large angle of scattering i.e. for
o] i 62 deg, results found to deviate from the experimental
results. 8Still ;ne éan observe that the results are still
comparable with the other methods.

The results improves for K = 208 eV. The first Born term
calculation, where no approximation is made, does very poorly at
all energies and angles,

t

The contribuﬁion due to exchange is not included for energy
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109 tv. Because at large angle the absorption cross sections
overestimates at this low energy. Hence exchange effects may not
be apprecisble at 120 eV for neon like target. At large scattering
angles with high incident energy ome can include the first order
or even higher order exchange terms in the calculation.

Here Hartree-Roothan -Fock wave function with all completed
correlated terms to remove the inaccuracy in the wave function
used here for neon atom. Though all speak of non negligible
contributions of polarization effects, pﬁrticularly for dipole
allowed transitions, Mohr predicted bghavior of cross section
could be explained through investigatioﬁ of higher Born terms.

The results can improve further at large scattering angles if
the absorption and polarization effects are handled carefully.
Neglecting distortion of incident electron wave function which can
not be satisfied further for the strong scattering potential.
Polarization effects should decrease as the interaction time
decreases. For the energy E > 200 eV results improves further and

the results are quite comparable with theoretical and experimental
methods.
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TABLE III.IV

Value of

process of elastic

——— - -

by neon atom.

differential cross section for

the

scattering of electrons by
[expressed in a% /sr ).

- W - - - —— - - - - - -

theta ENERGY IN eV

deg. 108 200 320 400

575— —;;.8 N 18.9 9.63 - 8.64
10.9 8.98 7.89 65.43 4.87
20.0 4.28 2.45 1.87 1.78
30.9 1.76 3.97(-1) 6.87(-1) 5.45(-1)
40.0 6.65(-1) 3.46(-1) 2.54(-1) 2.42(-1)
0.9 2.43(-1) 1.45(-1) 1.32(-1) 1.21(-1)
60.2 1.18(-1) 3.88(-2) 8.87(~2) 8.76(-2)
16.9 8.81(-2) 6.54(-2) 8.87(-2) 6.83(-2)
80.0 6.868(-2) 5.40(-2) 5.65(-2) 5.32(-2)
99.9 4.43(-2) 5.18(-2) 65.23(-2) 4.76(-2)
190.9 2.92(-2) 5.21(-2) 5.10(-2) 4.19(-2)
1290.9 4.43(-2) T7.64(-2) 5.87(-2) 4.12(-2)
140.9 1.42(-1) 1.19(-1) 7.18(-1) 4.32(-2)
160.9 3.87(-1) 1.89(-1) 8.82(-1) 4.65(-2)
iSH.B 5.}9(-1) 2.01(-1) 9.34(-1) 5.21(-2)
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———" . - —— W 1 S s I > > T - -
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