CHAPTER ~ IV

SCATTERING OF ELECTRONS BY
HELIUM ATOMS

4,1 Introduction :

Inspired by the success of the hydrogen related
p;oblgms, which are presented in the previous chapter,
now we turn our attention to the scattering of éiectron
by helium (He) ( z = 2 ) atom, where there is a very
large amount of data ( Bromberg , 1969 3 Crooks and
Rudd, 1974 3 Oda et al, 1972 ; Bromberg, 1974 3 Jansen
et é}, 1974 3 Sethuraman et al, 1974 ; McConkey and
;;eston, 1975 3 Jansen ef é}, 1976 3 Byron and Joachain,
1977 ) available for the eomparison of present theory .
From the theoretical point of view the situation is nearly
identical to that of atomic hydrogen, with the only impo-
Ttant difference being that for helium we must rely on
approximate wave functions in the various models described
in chapter II, If one uses a Hartree - Fock funCtions’to
describe the ground and excited states of helium, then
all the quantities evaluated for atomic hydrogdgen (Chapter -
III ) can be handled in the same manner as for helium. In
the present helium related problems we consider the follo=-

wing e - He <collision processes,
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i) Elastic scattering of electrons by the ground
state of helium atom using the Hartree - Fock
wavée functions and with the two types of closure
abproximations in the second Born approximation

( equations 2,55, 2,56 ) ( 1s - 1s ).

ii) Elastic scattering of electrons by helium atom

-in the ground state using Hylleraas wave function. .

iii) Inelastic scattering of electrons by helium atom

using Hartree - Fock wave functions ( 1ls - 2s ).

Ir these e - He interaction processes, we calculate
ICS ( equation 3,24),TCS ( equation 3.3 ) at incident
energies 100 to 700 eV for the elastic process and at
200 and 400 eV for iﬁelastic process., In the derivation
of scattering émplitudes ( equations 2.12, 2.57, 2;36,
2.45 ) for these problems, first we consider a typical
exponéntial term from the product of the wave functions.
For thls term we construct the scattering amplitudes,
from these closed forms, we extend these results to the
remaining exponential terms of the product of the wave
functions. Since the be;ium atom is:a two electron system,
the interaction ( equation 2,24 ) between the incident
eleqtrpﬁgand the target is compliéa;ed_thgn the hydrogen
( equation 3.7 ) atom.’ The evaluation of the volume

integrals are difficult due to the coupling of the radial
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coordinates r, and To of the target electrons. These

difficulties are removed in the present study.

4.2.1 Elastic scattering of electrons by the ground (1s)
state of helium atom (ESGHe) :

( Rao and Desai, 1981 )

e + He (1) =—> e + He (1s) (4.1)

Similar to hydrogen atom ( Sec. 3.2.1 ) here also the final
Hartree - Fock.state function of the target helium atom is
same as the initial ground state function. The well knownh
Hartree = Fock .Wave function for the ground state of helium

atom can be written as

¥, T T2 ) = o, Cxy ) ¢ Cxp)
‘ (B Q) (R +S) (4.2)
V&= Van ‘
where P = A exp (- y’ 4 ), Q = B exp (- y" Ty )
and R = A exp (- y‘ T, ), S = B exp (- y” T, )e

The normalization constants, and exponential parameters of
these defined quantaties for ( equation 4.2.) can be given
as

]

¥ ’ t
A = 2,60505, B =2,08144, y = 1l.41 and y = 2.61.

Now the product of the initial and final states is
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(P+Q) (R+8) ]

]

—L [ (PR + @ s°+4PQRS )+

16 =
( P2 82 + Q2 R2 )+ 2 (P Q 82 + Q2 RS )
+2 (PRZQ+P°RS) ]
1 2 2 92 9 , 2 2
= = [(PPR +Qs“+4PQRS )+ (2P 59
16 ®

+2(,2pQ52)+2(2932Q)] (4.3)

All the terms in this expresesion can be written in the
derivative form like equation (3.6) . Now consider a typical

term of equation (4.3).
. . ’ ) .
2PRE Q=248 exp (=(y +y )r;) exp( =2y =)

kexp ( =y (I) r, ) exp (y (J3) zy)

=k D" (y,) exp (-y; :!) D™ (y,) exp (= vy, T, )
*y )
cevea(ded)

3 [} Tt 1

where m=n-=1, k=2A’B,yl=y +y ,y2=2y ,



like this all the terms in ( equation 4.3) can be
obtained. ThroughCout this chapter , we will consider
type of equation like (4.4) for the evaluation of scatt-
ering amplitudes ( equations 2,12, 2.57 , 2.36 ). Finally

we extend these results to equation (4.3).

The interaction between the incident electron and

target helium atom can be written as

v, = - 2 L + L (4.5)
o 1_336“331‘ ‘To‘fgi

where éo » Iy and I, are the position wvectors of theG

. incident electron and target electrons with respect to the

target nuclei. Substituting the equations (4.,3) and (4.5)

in the scattering amplitudes ( pegations 2.12, 2,57, 2,36)
-2

we will obtain the DCS ( equation 3.2) O ( kg ) « The
evaluation of these amplitudes is as follows .
(l) l . o
£ = -5% J odz, exp ((iger) Ve (zr ) (4.6)
i=>f .
Where
1 ‘ 2 1
Ve, (r_ ) = =—=—, [ [ dz, d1, [ -4 + ——m=e
fi 0 16 1;2 =1 -2 I‘o l T ow T I
=0 =1
+ * - 1T (( p° 8% 4+ dz s? 4
t Io ™ I2 |

APQRS)+(2P°82)+2 (2P Q82)
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+2(2PR° Q) ) ' (4.7)

-y IJan an ¥ (5,5, w’;(rl,;Q)

where
2 2 Z '
p“R° = A exp ( =yy (x;+15))
2 2 11
Qs - g* exp ( ~y vy ( Iy + T, ) )
-
p? §° =A282exp(-y(y rl+y”r2))
"4PQRS = 4A? B2,exp (=-v y"' ( I, + T, ) )
2p Q8% = 28% A exp (=y (y ' zpty 1))
1 trye
2PR2Q =243 B exp ( =y (y m +y ry ))
t1 s | § !i‘ l
here y =2, and vy = y +y /2 . For the evaluation
of d I, o d I, and d 22 integrals in equations ( 4.6 )

and ( 4.7 ) consider a typical exponential term of equation

(4.7). -

o 2 ' 1e
'PQ 82 = A B exp (=-y (v vy T, ) )

i

v exp ( -y (M r, *+ N r, ) ) (4.8)

Substituting this term for ( =———=——- ) terms in equation
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(4.7), we will obtain the closed form of equation (4.6)
for equation (4.8).

. :
-V
f = =— [ dr exp (igexr )JSJ dzx, dr
i 2 %16 7 =0 ="=o =1 =2
[ ;2+ 1 N
° | 2, -z, lzo - 2o |
exp ( =y (M r; + N1, )
= +4V 5 é J dz exp (iger )L ( M+ —%m )
2wy M N =0 =0 o
exp ( =y M T, )+ (N + —%—') exp ( - N T,y ) ]
[») .
o2V (eiled) (8N ad)
BRI TS RN 2 |2 o 2 2
Y (4 + ) (4N +d)
ceeeel(4.9)
if N = M
2 2 :
4 Vv ( 8 M + o)
B v [ 7 ] (4.10)
b (4M2+C{) y = 2

Using equations (4.9) and (4.10) we can get the closed
form of equation (4.6) . The reduced form of this Born

amplitude can be obtained as



(1) N 22 g2 A3 B
£ =1 + 3 .3 * 3 3
2 t 2 ' 1t ' 19
i~f Y V¥ Yy VY Y Yy ¥
T2
' 2
'2 “2 2] +
(4y +q )
: 22 22 g . 83 A ]
o 13 1.3 o 10 1113 143
Y ¥ Y Y VY Yy Y
\ :12 -
‘l|2 2 2
) (4y +4q )
[ B> A L, 2B 28
|123 313 "!'|6 '3 !ll3
YY Y Yy - YY Y
3
tee
(8y '~ +4°) ]
[ . !
1112 2 2.
(4y +q )
3 ( 8y +q )
= 21 c, [ % ] | (4,11)

. >
Kk (4y, +4d )

1 1
where Ck s and Y, S are constants given as

O
|

1.33543

2.,420884 3 C 3

2 0.2336732 'y C
Yy = l.4L 3 Yy, = ‘2.61 3 Y3 = 2.01

Equation (4.11) is the first Born approximation for the -

ESGHe process,



Now the imaginary part of the second Born amplitude

equation (2.60) can be written as

@ M (2)

L d U (g=-p=~B.93p+8B. %)
HEA kf f E £i q_ E ﬁl 9 9 E Bl Y

Im

-—

eee(4.12)
A, . *
‘inE'*‘Bi?):-( wf(rl,r2)l
- A bed AN
V{ig=-p- By ¥ 3T 45 Ty )V (p = By Y 3 T » Ty )

| ¥ ST T )0

s 1

V ( coe—— ) s can be substituted from equation (2.53) in

the above expression

1 .
= ) ff d.z.‘:l («\j\2
a7 (| g-pl + 87)(p +8%)
* : .
L . (r; , o5 ) ¥ ; (r; ,125)

[ exp (i(g~- é ) ¢ by - 182 ) +
exp ( i (g=-p) e by =18y 2, ) -2 ]

[ exp ( i'g e by +18; 2 ) +exp ( i Peby+18; 7 ) = 2]
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L. , JI dx dz

2 :
ant (| g-pl + 312 ) (p°+ Biz )

o T
Wf(rlsrg) wi(rl’rz)'

[ exp (1g;§;);2e§§(1(§;g);gl-igizl>
P p . él +18,2 )+ exp ( i j . b, ) -
2iex; (‘i ( g - é ) . §2 f'g ﬁ; Z, ) ; 2 egp
(4 é ; éz +1B;2,) o+ egé (i é - p) ; b, +
1By Zy+d é . b, - : By Zy ) + 4+ exp (3

(g=p)oby+iB Z +ip.b =18, % )]
eee(4.13)

Substituting a typical exponential term ( equation 4.4 )for

the product of the wave functions ( equation/4.3 ), we can

evaluate the d él and d I, integrals in [ equation(4.13).

t k D(yy ) DC(yy)
U '( ’ "")= ; 2 o o
fi cant (lg-pl + B, 1 p" + 8% )

exp ( =y, ;) exp (( =y, 75 )
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The integral procedure for d I and d I, is similar to

that of BESGH process { given under equation 3,10 ).

The

closed form of the above integrals can be obtained as
2
,gf (24 i) [ D(y,) ~7%-
4 L2 2 2 1 v
an (lag=-pl +8;" ) (p" +p ) 1
D
Pivp) (T2t T2 - T, T,
LR Y2 (lag-pl+8"+v3)

2 > 2 y
( p + ﬁi + Y2 ) 2

( éuli,’z + 12 ; DQ( yl ) b
6+ y; Y1 (Is-ef'*f}f'*‘flz)
] ( v, ) ). ) D ( Yy ) D( Yo ) _
(p~ + 312 + y12 ) ) ( Yl2 Y22
D ( v, ) D( vy, ) D ( Y1 ) D(yy)
A -3
> y 2 2. 2
(la-pl + 512 . le ) Y22 L(p° + B+ yy" )
D(y,) D(yy) g

(lag=-p| + 612 + Yiz) ( p° + 512'+ v22 )



2 1 (lg=pl +8"+v,7)
PP 2 2 2 B )
. . . 2 2 2 2 2
ol LR BT ) (] gop b e 8 D) (D)
0an.o(4ol4)
Substitution of equation { 4,14 ) in equation ( 4.12 ), we
will obtain this closed form for a typical exponential term
equation ( 4.4 ) of the product of the wave functions equation
( 4.3 ).
2
t R
4 Kk g >
Im £ = Lt I P T,
=4 + (p"+8, " )l g=-p !l +8)
2
° +2Y2
[ D(y;) == D(yy) (== T
1 Y2
D ( vy Dy, )
- 2 2, )
2 .
(la-p | +82+y, ) (P +BET+vy)
2 2
( o + 2 vy
+D(y, )= D(y ;) 2 - -
2 a * v
D ( Yy ) D ( Yy ) )
z = 2
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* E D () ( 5 - —— S P (vy)
Y1 (lg- pl + By + Yy )
(L - 51 mé); + éD(m)I ié -
Yo p + Bi + Yo ’ Y2

1 )D(y ;) (—dmp -
2 : yl

——t——
(lg=pl +8; + ")

) R . :
S— ) ] , - (4.15)
Pt Bty > |

Using the Tesults of ESGH (equation 3,11 ) and ESEH

(equation 3.24 ). processes this can be obtained as

\ 4 ) ko 2 ' H(y,)
= 7K [ - 3~ D(y, ) ———~— =~
i Y 1 YQ
| , H(y,)
z - D(vy,) —_—de 2D (y,) D(y, )
3 1 ) 1 2
Y2 ! Y 1
' 2 2
I, ( vi5 v-") :
PR ] (4416)
Y Yo



- (4= )2k [ 4 ( ) H( Yo )
= Tk, - 3 Dly, Z
1 Yo Yo
‘ ' 2 2
I, (vy",v5 )
+2D(y,) D(y,) =2 22’ 22 I (4amn
Yo Yo

. < ! 2 2
where the defined quantaties H ( Yy ) and ;4 ( Yy s Yo )

are given as

H ( Y1 ) = 2 Il ( ﬁiz ) le ) - ? d ) ) I; ( giQ:O)

' 2 2
and I ( Yy o Yo )= [

2
4 (1 g-pl+ ﬁiQ + VIQ)(pQ + Biz+ y22 )

These are given in ESGH ( equation '3.11 ) and ESEH (eguation
3.24 ) processes and the cdosed form of these will be derived
in appendix using the zresults ( equations 4.13 to 4,17 )

of the typical exponential term ( equatioﬁ 4,4 ) we can
obtain the closed form of ( equation 4.12 ) through the
equations ( 4.3 and (4.13) . The final form of the\imaginary

contribution in this ESGHe process can be obtained as

(2) 4 2 2 3
1 4 A 4 A B 8 A> B
Inm £ = 5 [ - 3 3 + 3 )

HEA i Y3 Yo Y3



H(vy, ) 4 2 .2 3
S\vy ) aB* 4 4B 8 B> A
Yl Yo Yi Y3
H(y, ) 2 2 3. . 3
2 « 16 A" B 8 A" B 8 AB
Yo Y3 Y1 Yo
H(vy,)
D(Y3)“"“"’%"'+2A4D(Yl)D(Yl)""'212
Y3 ~ Y1 V;
! 2 2
I(Yl » ¥y ),+284D(72)D(Y2)“-§L~2-
4 Yo Yo
' 2 2 2 .2
I (v vy )+ 8ABD(y3)D(y3)———-2-l~—~2
4 Y3 Y3
1 2 2 2 .2 ; 1
I4(Y31Y3 )'j“‘q'AB D(Yl)D(YQ)";"'Q"““;"“Q
’ 1 2
' 2 2 3 V
I(yl,y2)+SBAD(y2)D(Y3)"‘“‘“"%""‘“‘2
A4 Yo VY3
' 2 2 3 1
14(Y2 ,Y3)+8ABD(Y3)D(Y1)T§:—§“
1l 3
' 2 2
I4(Yl 1Y3)}
- H(y, )
1 k
P [ - D(y, )——>— + B, D(vy, )
B Ky ke1,2,3 A k g Kk k

J=2,3,l
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v 2 2 :
I, (v v )
4 k ? s
' k Yk :
' ” 2 o .
I, (y Y ) '
T 2‘1 ] (4.18)
Yg V5 - =
t 1 t ]
Ak s "Bkks and Y S o BRJ 8¢ are constants given as
Y, = 2,82, Al = 13,573, Bll =/92.1074 ’ 512‘= 117.604
Now the Teal part of order k™' of the second

Born amplitude ( equation 2,58 ) can be written as

(2) a2 = dp
- 4 7 o 7
Rel ¢ IR ———e————— f dpf L,
HEA ky v £l lpy=8;)
(2) , :
v (9~2-PZ?;g+pZ’9) (4.19)

fi
The basic difference between this real part and imaginary

part equation (4.12) is only the principal value inte=-

gral d Py » the evaluation of d I, and d I, integrals

are same as imaginary. Replacing ﬁi' in equation (4.15)

by p, and following the results of ESGH ( eﬁuation

3.13 ) process, we will obtain the closed form of equation



(4.19) for a typical exponential term ( equation 4.4 ) of

the wave function product equation ( 4.3 ).

2 ]
bt o H (y, )
Rel f = Lazn) kg 5 D(y, ) ——p2— +
HEA ] ki Y3y Yo
1 .
H (y,) |
2 D (y;) A— -2D(y; ) D(y,)
Yo Y1
2 2
Oy vy )
O ] (4.20)
Yy ~~’Y2

If Yy =Yy @ similar type of expression can be obtained
as equation ( 4,17 ) for equation ( 4.20 ). VWhere the

t .
H ( Yy ) and I, ( yi , yg ) are given as

H' (y, ) = 21, (8,°, v, ) - '(qg_”z)xz'(ssi,o)
1
©d dp
2 2 Z
and I, ( v,7, )=G)
dp

2
2  2,,2 2
(Jg = pl + p;" + v;)(" + p; + v

2

' 2 . .
I, ( Bs” » v;2 ) and I, ( By”.» © ) are given in ESGH

2)
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( equation 3.13 ) process. And I, ( ylz, y22 ) is
similar to I, ( Biz, yl2 ) , the closed form of this
is given 1in appendix. Now wusing the results of equa-
tion ( 4.20 ) , and substituting the equation ( 4.3 ) in
equation ( 4.19 ), we will obtain the real part cAontri-

bution in this [ESGHe process as

| ]
(2) H (vy,)
Rel £ = —m+— 3. [ A D(y ) —b"
HEA ﬂl'ki k=1,2,3 Yy
J=2’3’l
2 2
, I(y Yy )
4 TE 0 Yy
Yy Yk

14 ( Yk2 ’ YJz)
Yo V5

[ ] -ooo(4o2l)
All the constants in this amplitude are some as given
under equation ( 4,18 ).
A

2

The real part of order k., ~ of the second Born

approximation equation ( 2.59 ) can.be written as

: 2 2
(2) 2 ' » dp, (p7 + p,)
Re2 £ = "=2E- p' (’ ap - £—
HEA k ~e Pz = B3
(2) A
U " (g-p-p,75p+PgY) (4.22)



By comparing the ESGHe amplitudes ( equations 4.18,
4,21 ) with the ESGH amplitudes ( equations 3.1l ,
3.13 ) we can directly obtain the closed form of
equation ( 4,22 l) for a typical exponential term

( equation 4.4 ) of the wave functions product equation

(4.3).

2 B
t H LIS ]
Re2 £ =Lam) k. p'[ 2 p(y)H(yy)
HEA 2 n kg : Y1
- 2 li\ ;
+-§-D(Y1)‘H (Yl)"'D(yl)
Y2
2 .
I (vy2 ¥5,0)
D(yy) 3 bt ] (4.23)
Yl Yg

e . ' :
where H ( Yo ) and Iy ( ylz ’ y22 ) are given as

2
oy Eah ) ety
( d2 + ylz ) Yy

2 2
12 ( ﬁi ’ Yl )
L2y P 7 i
I (yy” vy ) = (P- o, o8

2 2
dp (p” +p; )
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3
2 2,2 2. 2
(la = pl +pz; +y; IP™ +p+ v D



2 2
oo d
+@f P, ; dp (p” +p~)

2
- b i - 2 2., 2 2. 0
( P, = B; ) (| g= El + py + y2)(p + Pyt Y )

_ 2 2 2 2 2 2
= 13 ( Bi ’ Yl ) - 14 ( Yl H Y2 ) ( yl + YQ )

L 2 2

The above three terms are obtained by adding and deducting
yl2 and y22 in the preceding two terms of Iy ( y12, yzz),
and making use of the previous résults . Using equation
(4.23 ), the real part ( 4.22 ) can be obtained through the

equations ( 4.3, 4.12 ).

(2) L

1 t s
Re2 f = m———— z D [ A D(y, H (v )
HEA 2 % k2 k=1,2,3 k k k
J=2,3,1
B ) 2
- by ) b(y) BTN )
> Yy b4% 2 2
Yo Yk
2 2
B L. (y v )
KkJ 5 \ Y 2 Yy
-——Db(y, )D(y;) A J
Y ¥g

ceoa(4.24)

After obtaining these scattering amplitudes ( equations

4.11, 4,18, 4.21 and 4.24 ) for Hartree Fock wave
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functions, we can extend these results to the Hylleraas
wave function. The product of the ground and final

Hylleraas wave functions for helium atom is given as

. .
Palrpom )P (xy )=

N

exp ( =y ( Ty + Ty ) ) ]

= L e =y (1 +1,)) (4.25)

| o |
<o a}<
' &

=

' ,
where y = 1.69, y =2y = 3,38 . Substituting
M=N=y and V=161y

(>}

in equation ( 4.10 ) we will

obtain the first Born amplitude for Hylleraas wave

function.
(1) 2 2
£ -4 L8 y2 ks q2 ; ] (4.26)
i=>1 ( 4 Y + g )

Similarly the imaginary and real parts can be obtained by
A 1}
substituting k = y6 / ﬁz and Yy = Yo =Y in equations
(4.17, and 4,20 , 4.23 ). The corresponding scattering

amplitudes for Hylleraas wave function are

(2 ' '
Im f ) = f§J§- [ -AD(y ) §~L~l§~l + A2
i )

HEA
y



2 . \ 1 '
Hel f 2 st [ AL D ( y ) Ho(y )

HEA  #° k. 12
i y
: 2 2
' , I y y )
4 s
D D
(y ) D(y) 5> ]

(2) t ~ ‘
D 3 3 13 1 A2
Re2 f = —%s— [ ALD(y )H ( ) - =5
HEA 5 52 K} Y 2
( 2 '2)
' I y Y
5 ]
D ( Y ) D ( Y ) N 2 .]
y Y
. ) oooo(‘4029)
4
where Al = 38,615 ; A2 = 745.539 3 y = 3.38 . All

these derived amplitudes equations ( 4.11, 4.18, 4.21,
4,24, and 4.26 , 4,27, 4.28, 4,29 ) correspond to the
Hartree = Fock and Hylleraas wave functions in this

ESGHe process,

The TCS ( equation 3.3 ) can be obtained for these
wave functions by substituting equations ( 4.18, 4.27 )

in equation ( 3.3 ) . For the Hartree - Fock wave function
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the TCS can be derived through the equations (4.17, 4.18)

He - (2)
G = JQEE—— Im £ (g=01)
tot i HEA
4 3 1
. 5 [ -2A D(vy, )
k% k=1,2,3 * kToyd
J=2,3,1
2 2
Yk + Bi
log~K——rst—+ B, D (y, ) D(y )
A
1

2 + BkJ D ( Yk ) D Yy )

) 5 2
v Ve (B +v)

v 2 + B 2
2 2 ;2 ) Log( "kz““““;ﬁ ) ] (4.,30)
Y3 Yy ( Y = Y3 ) Yy * Bi

Using this expression TC3 are calculated at incident
energies 100 to 1000 eV ( Rao and Desai, 1983c¢c )and
are tabulated in Table (4.2) . Similar type of 1ICS
expreséiion can be obtained for Hylleraas wave function
through the equations ( 4.17, 4,27 ). These TCS results

are also given in Table ( 4.2 ).

The first order exchange ( equation 2.36 ) scatter-
ing amplitude can be obtained by using the Ochkur

approximation, through the equations ( 3,17, 4.2 , 4.3):

AN
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. 2 ‘ s -
g = = —5—= [ [ dr, dz, exp (igwz )
och k. =1 =2 T =L
‘ v . (ry ,75,) ¥ . ( » T ) }
= - ',2 — [ d T, exp (igq. I ) p2 + Q2 + 2 ?Q )
‘4 7k, - - T
i
3 ' 2
= -2 I A(K)/ (L ey (x)) (4.31)
i k=1 .
were A(1) = a2y ', a(2) = By A(3)-=

| ts
AB(y +y ) and y (1) =2,82, v(2)= 5,22,
y (3) = 4,02 . o

The third GES term can be obtained by using the
equations ( 2.43) , (4.3 ), and (4.5 ). This term was
evaluated by Singh and Tripathi , (1980 ) .for elastic and
inelastic scattering of electrons by helium atoms. The
simplified form of this third GES term was given as

(3) »

f = — [ X, +3X ] (4.32)
GES 3 n° k;° 31 32 ‘

where X,, and X, are defined quantities ( Singh and
Tripathi , % 1980 ).

So far we obtained the second Born scattering ampli-

tudes (»equatioﬁs 4.18, 4,21, 4,24 ) originated from



equations ( 2.55 to 2,60 ), where the distortion

term ( n = O ) was included in the infinity summation
over the intermediate atomic statéé,*for the - simplie
ficationvof the calculations. In_&hg__ﬁé@ﬂg_pgggggg_wg
would like to exclude this distortion term ( n =0 )

in the second Born approximation ( equation 2,47 ).

(2) o1 g ‘ . ‘
fiéof‘ = == ﬁ_ J dz, exp(ig.z ) Vv (z )

1 ( L (‘t
- 5 ) Vho ,Eo - 5 ) Gy EO))

...(4;33)

where the prime on summation denotes that the distortion
term ( n = 0 ) is excluded. Now following _the procedure

1
for the evaluation of the dzr , dz  ( Sec. 2.3.5 ), we

11

will obtain the corresponding U
| (2)

A — )
fi |

in the real, and imaginary parts of the above second Born
approximatioh ( equation 4,33 ). In the case of ESGHe

process this function can be obtained as

(2)

U es (g- 2 - B Y s p+ B 7, Ty, Tp )

= < u_(rpm) |V (a-p-8%531 1)



Q,( é + By Y, T T, ) ! u. ( T, T, ) > -
;

-< y f{ T,,5 ) } v (g- E + By v r, ) t.

< (r.z.)> < U (=, x.) |V
PRSI v,z )|

( E+ f3i ?7, £2 )} p f( 21,22 ) > (4.34)

Now the imaginary ( equation 4.12 ) and real parts

( equations 4.19, 4.22 ) can be derived for equation
(4.33). Using equation ( 4,34 ) in the ESGHe process.
Making wuse of symmetry and normalization of the wave
functions ( equations 4.2, 4.3 ), the imaginary (equa;ipn
2,60 ) and real parts ( equations 2.58, 2.59 ) of the

second Born term can be simplified . The closed form of

the imaginary part in the ESGHe process can be obtained

as
(2) 41;3 1(2) . Py
Im f = =% [ 4p U (qg=-p-B: %3
" “hEa e S e Yy, 9Tk P Y
P+ By Y > TyaTy ) (4.35)
= —— S dg
Tomok, - 2
. ( l 3""21 + 312) ( Pz+ 35_2)

e

J d Ei Jdzr, [ exp(ig. él ) —exp (1
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*

(peby+fyzy) ¥ ¥ Jaz, [dz, exp (i

(g=plebp+iB;2)]1 U !P: (4.36)
: i

Substituting the product of initial and final states of
Hartrees Fock wave functions ( equations 4.3, 4.4 ) and
following the procedure for evaluation of d I; » dIp

and d p , we will obtain the above equation (4.36 ) as

A 2

(2) 3 A, I3 (B, 0)

Im £ = -5 2 Dlyy) A=
HEA ioi=l (o +y,” )
1 £ [ A. D(y.)D(ys)

T K, . s B4 Y3 Y3

l l=l, -
J=1,3
B ( 2 2 2
yl Yy

' ' )

cesesld4.37)

Similarly real parts of the second Born can be derived
through the equations ( 4.3, 4.4, 4,36 ) . The closed
form of these can be obtained as

, , 5

D(y, ) =
HEA % k. i=1 * (q +y;7)

Rel f

il
N
™



p
S
@)

1 . 1
3 [ A D(vyy ) DA(y;)
7 k. i=1,3 . J y12 yJQ
J=l,3

and .
2
(2) 3 (8%, 0)
Re2 f = > z A Dl D ( Yy ) 3 ) i )
HEA % ki i=1 + q + Y3 )
..-—}-2-———2- z Ay D D(y; ) D(yy)
2m k4 i=1,3 L
J=1,3
1

2 2 2 2
J

eveeel4.39)

All the constants Ai~’ Y and AiJ, Y3 can be obtained

from equation (4.2).

Al = 06,7833, Ay = 4.3324, Ay = 10.845
Yy = 2.82, Yo = 5,22, Y3 = 4,02
Ay = 4§00537, fop = 18,7696 A33 = 117.60341
Ajp = 29.4909, A21 = 29,4009, A3l = 73,5939
Ayg = 7345939, . by = 46,9827, ‘A32 = 46,9827 .



4,242 Comparison of present ESGHe results with the
recent theoretical and experimental data :

» Using the scattering amplitﬁdes equations ﬁ 4,11,
4,18, 4.21, 4,24, 4,31, 4,32 ) we have calculated the ICS
( equation 3.2 ) at incident energies E = 200 and 400 eV
and the TCS ( equation 4.30 ) are calculated in the
incident energy range E = 100 to 1000 eV. We have used
an average excitation energy DE = 1,20 a.u ( Byron and
Joachain, 1977 ). These calculated results for ESGHe
process are presented in the Tables ( 4.1, 4.2 ) as well
as in the form of graphs shown in figures ( 4.1, 4.2 )
along with the recent theoretical and experimental data.
Our ICS results are found to be in good agreement with the
compared data in the angular range © < 50° , TCS results
are also found to be in very good agreement with the comp-
ared  theoretical and experimental data. The details of
our comparisons with the present DCS and TCS are as

follows .

Fig. (4.1) shows two sets of IDCS results at
incident energies E = 200 and 400 eV. In set A (E = 200 eV)
present DCS ( solid curve a ) are compared with recent
~ theoretical results; + == EBS 7results of Byron and Joachain
(1973a,b), and experimental results, & — Kegister et al

(1980), O = Crooks and Kudd (1971), at incident enexgy
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E =200 eV, Set B ( E = 400 eV ) shows present ICS at
E

of Singh and Tripathi (1980). The rest of the represent-

il

400 eV along with the GES results ( dashed curve )

i

ations in this set B are same as in set A. It can be

' noted from these comparisons that the present ICS are
in better egreement with the experimental data than the-
compared EBS anq GES results in the éngular range

e ¢ 50°.,

Fig. (4.2) shows the comparison of present imagi-
nary part ( (solid‘curve) equation 4.18) wifh the imagi=-
‘nary part of GES ( dashed curve ) of Singh and Tripathi
'(1980).' This comparison was a checking of our present
calculations, and also shows that the effect of B; in
imaginary part ( equation 4.18 ) was negligible, which was
the basic’ difference between the corresponding terms in

GES and HEA approximations ( Secs. 2.3.4 , 2.3.5 ).

Our present Hartree - Fock scattering amplitudes
( equations 4.11, 4.18, 4.21, 4.24, 4.31, 4.32) are listed
in Table (4.1) at incident energies E = 200 and 400 eV in
the angular range © £ 130°. Simila: to ESGH ( Sec.s.z;l;'
Table 3.1 ) process here also fluctuations are observed
in the real part of the second Born term ( equation 4.24 e
The DCS are listed along with the GES results of Singh

and Tripathi (1980). Very slight variation was observed
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between the DCS's calculated by wusing Hartree -

Fock ( equations 4;2, 4,3 ) and Hylleraas (equation 4.25)
wave functions ( Rao and Desai, 1981 ). Table (4.,2) shows
the present TCS ( equation 4.30 ) at incident energies

E = 100 to 1000 eV ( Rao and Desai 1983c ) along with
the compared theoretical ( Byron and Joachain , 1975,

1977 ) and experimental (de Heer , 1975 ; Dalba et al ,
1979 Blaauw; 1980 ) data. Our TCS results are found
in good agreement with the measu;ed values of Blaauw
(1980) and nearer +to the results of Byron and Joachain

(1975).

It can be noted from the Figs. (4.1, 4.2 ) and
Tables ( 4.1, 4.2 ), that the present ESGHe results are
better than GES and nearer to EBS and experimental

data.

As in the case of ISH process { Sec. 3.4.1,
Tables 3.5, 3.6 ) here also we have observed the sensi=-
tivity of second Born aﬁplitudes ( equations 2.58, 2.59,
2,60 ) and'DCS with respect to the chgice of the excita-
tion energy DE . The ESGHe scattering amplitudes
corresponding to the equations ( 4.37, 4.38, 4.39 ) are
used at incident energies E = 100 to 800 eV with
DE = 1.20 ( Byron and Joachain, 1977 ) and DE = 1,10
( Byron and Joachain, 1977 ) respectively for those

~

-

T

<
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observations. And the corresponding ICS (;eglecting,
exchange and third GES ) are calculated at incident
energies E = 100 to 800 eV. These DCS results are listed
in the Table (4.4) and the scattering amplitudes

( equations 4.37, 4.38, 4,39 ) at E = 200 eV are given in
Table ( 4,3 ). The ICS at E = 200 eV along the recent
theoretical and experimental data was shown in Fig. (4.3).

The details of these Tables and Fig. are as follows.

Fig. (4.3) shows, the present DICS ( solid curve
and dashed curve ) at incident energy E = 200 eV obtained
by using the scattering amplitudes ( equations 4.11, 4.37,
4,38, 4,39 ) with DE = 1.20 and DE = 1.10 respectively,
and the recent theoretical ( + —= EBS ( Byron and Joachain
1973b ) and experimental { ® —— Register et al, 1980 j
A& — Bromberg , 1974 ) results. These present LCS are

found to be in good agreement with the compared data.

Table ( 4.3 ) shows the second Born, real parts
(equations 4.38, 4.39 ) and imaginary part { equation 4.37)
due to excitation energy DE = 1.20 and DE' = 1.10 respe«
ctively at incident energy E = 200 eV, The XS with
these type of scattering amplitudes are listed in Table
( 4.4 ) in the energy range E = 100 to 800 eV . In the
Table ( 4.4 ), we listed two DCS ( upper and lower )

results at each scattering angle © and incident energy E,
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corresponding to the excitation energy DE = 1.20 and
1.10 respectively. It can be observed froﬁ this table
that the variation in the DCS was more in the small
angle region than at large angles ( fixed E ), and
this variation was negligible at higher incident ener-
gies { fixed é ). It can also be noted from Table

( 443 ) that this choice of excitation energy Qas more
effective in the real parts ( eqﬁationS‘,4.38, 4,39 )
than in the imaginary part ( equation 4.37 ).

A careful comparison of Tables ( 4.4 and’( 3,6 )
shows that the excitation energies plays an important |
Tole in the inelastic process ( ISH Sec. 3.4.1 ) than
in the elastic process’( present ESGHe Seé. 4,2,1 ). And
compariSoﬁ of Tables ( 4.1 )‘énd ( 4.3 ) for ESGHe process
shows 'the effect of distortion term {n=0) in summ-
ing over the‘aﬁomig states on the scattering amplitudes
equations ( 4.18, 4.21, 4.24 ) and equations ( 4.37, 4.38,
4.39 ) respectively.

\

4.3.,1 Inelastic scattering of electrons by helium atom

( ISHe-) :
T + He (1s ) —=—> & '+ He (28 ) (4.40)

Various transitions in the helium atom are of great



interest, not only because there is in this case a rather
large body of precise experimental data which can be
compared with theoretical predictions, but also because
much more detailed imformation hag been obtained so far
from the experiments performed in helium than from those

carried out in atomic hydrogen.

Now we consider inelastic scattering ( equation
1.2 ) of electrons by helium atom. Like in the case of
ISH ( Sec. 3.4.1 ) here also final state of the helium
atom is different than the initiel state. The scattering
amplitudes of ESGHe process ( equations 4,11, 4.18, 4.21,
4,24, 4,32 ) - can be extended to this ISHe process. In

this inelastic process the momentum transfer to the target

is
o 5 1/2
g=( k" + kg - 2k; kpcos ©) (4.41)

Using the energy conservation the final momenta kf of the

scattered electron can be derived as,

2 1/2 (4.42)

k. = ( k -3 )

f i
The initial ground state and final excitad state of Hartree
- Fock wave functions for the helium atom can be given as

wi(fl’fz)"(b (El)d) (!52)

1s 1s

7= (P+Q) (R+5) (4.43)
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(4.2)0

Wf(gl » Io
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Now the product

be written as

Y : ('§l r Io )

QR + QS

NN
(2= )2 d

t

are defined in ESGHe process equation

i

) L ———1¢ ()b (z,)
(2<1+a>)/. 1 2

+4>l(52)¢2(51) (4.44)

0.00534

M

—=17> exp (-21)

(4 =)

_"N-—T7? [ exp ( = X, T ) -y

(4 =)
exp ( =% )]

of the initial and final wave functions can

* N
(.I: s L )=
Pelfi 2o (42)° 4

~[ ( PR + PS +

) (T Vy+ T,V ) =y (1 W, + T, wl)‘) ]
L PRT; V, + PSTl V, + QRTl Vo + QSTl V, +

PRT, V, + PST, v, o+ ®T, v, + Q8T, vl ] -



MN v
(45)° 4

= [ PRT

1 Wy + PSTl Wé + thl Wy + Qle Wé +

+ PST2 Wl + BT, Wl + Q8T, wl ]

PRT, Vi

veeal(4.45)
where T; = exp ( =2 ry ), T5 exp ( = 2

i

o )
V, = exp {( - X) Ty ) s Vp = exp { = Xy Tp )
Wy = r; exp ( =~ x r, )y Wy = exy exp ( = %y Ty )

1 1/2
v =0.432784 , d=(2(1+d)) = 1.41799

and li = 5.656854 , N'= 0.61280 , = 0.522

Xl 9 X2

By symmetry of the terms in equation(4.45), this can be

reduced as

_ 2 MN
- N2
( 4w )" 4

o ¢ PRT; V, + PST) V, + @&T; V, + QST; V, ) -
vy ( PRT, W, + PST; W, + RT; W, + QST W, ) ]

veee(4.46)
Similar to £SGHe process ( sec. 4.,2,1 ) here also we
will consider a typical terms of equation ( 4.46 ) for the
evaluation of all the scattering contributions to the [CS

( equation 3.2 ). And then we extend these results to
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equation ( 4.46 ). Now a typical term of the above

equation can be given as

PRT Vp =y ( PRT; Wy ) = kj exp ( =y) 7y ) exp ( =y 7))

- * . = - . - ‘ ’ N '
~vkyexp(~-y, 1, )ryexp( -y, 1)

=k, [ DCy,) exp® (°- y, T; ) D vé ) exp (y, T, )

-

Ty Ts

o . T T . '
+ybd(y, e (~-y, 7, ) & ( Yo ) exp (- y, rz)]
‘ 1 - T2 .
00.00(4‘47)
2 ' ' - '
where kl = A, Y=Y * 2 3 Yo =Y + X3,

yé = y' + Xp « In this way all the terms in equation

( 4.46 ) can be written as equation ( 4.47 ). It can be
noted from equatiqn ( 4.47 ) the first term of this is
similar to ( equation 4.4 ) and the second term is
similar to first with only one additional derivative .
Except for the constants all the ESGHe process amplitudes
( equations 4.11, 4.18, 4.21, 4,24 ) can be used to

obtain the ISHe scattering amplitudes respectively.

The first Born approximation in this ISHe process
can be obtained easily through the equations ( 4.6, 4.9
and 4.45 ).



ALY 1 s
e = " w5 e ltaz ) [ dzx
1—>f
dzp [—5—+ = + . J
/ To | zg =z | | zg =25 |
‘{} i ( El s .3—’:2 ) (Pf ( £l ] 22 ) (4048)
MN

—
-

- Jdr exp(ig.zxz ) /S
(4am)2nd =0 9500

: 2 1 1
A A e e
' =0 =1 o X2

d £,

( » ]
( ( PRTl Vo + PSTl Vy QRTl Vo + QSTl Vo
PRT, Vl + PST2 Vl + QR?Z Vl + QST2 Vl ) -y

( PRTl Wﬁ + Plewz + QRTl WQ +QSTl W

> -+
PRI, W) + PST, W, + GRT, W+ GST, W )g
_. 8
= TN - T f azx, exp(igerzx, )
(4% ) 2ad I=1
J=1
: 1 1.
S dzry dxy, [=--5 + = + ]
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EA (I) exp(=(y, (I)+y, (I)))+B(J)

D(y, (I)) exp(=(y, (I)4y, (3114

In this expression all the constants A ( I )'s and B ( J )'s
an? exponentials values Yy (1), ¥ (1), y; (J3),

Yo ( J ) can be obtained from equations ( 4.43 , 4.45 )

The _dgo » dr, and dr, integrals are evaluatéds for a
typical term ( equation 4.9 ) in the ESGHe process, these
results can be used to 'get the closed form of equation

( 4.48 ).

(1)
f = F, + F (4.49)
i=>f
where ’
8
F, = 2 MN 5 A(ZI) .
4 B (v 1)y, (3))
2 2 ‘ 2 2
(8y, (1) +4q ) (8y, (I) +4q )
) 7 2 2 T T T 5 2 ]
(4y, (1) 79 (4y, (I) +4q )
. _ 2mn & B(JI) DI y, (J9))
2% 7T 4 . 3T, 3
t 2 2 t 2 2
(8y, (J) +4q) (8y, (J) +q )
L =, p) 2 ~ 22 2 ]
(4y, (J) +4) (4y, () 7%
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The imaginary part in the - ISHe process can be obtained

as .
(2) 3 (2) :
4 - A
Im F =~~—§7“de U (Q—Ew'eiy;
HEA . fi
p+ByY) (4.50)
: A g, cw (r ) |
= 7K, P Wf 1 %

V(ig-p=B vy 55,5) VIip+8; 93

T.T ) SN ( I, 0T ) >

3 o
="%de §odry fdzm Vig-p-8;9;

y A
Iy )V (p+By vz ,Ty)

‘Vi(rl’rz)’?:(fl,rz) (4.,51)

T

Substituting equation (4.47) instead of equation (4.46)
in the above expression , and following the procedure

( equations 4,13 to 4. 17 ) for the evaluation of d p
d I o d I, we will obtain the closed form of equation

(4.50) for a typical, term (equation 4.47 ) of equation

(4.46).
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132‘ ( YQ’ )

H(w )
6 _ 1
4 D(Yl) y2 +2D(Yl)
Yo 1
2
' ) 1
I, (y Y ) ‘
ARINER MRE (4.52)
2 12
Yy Yo

| 4
where H ( vy )'s and I, ( y 2 , ¥ 2 ) s are defined
x '8 4 \ Yy 3

differentiable
Now the complete imaginary part ( equation 4.50 )

obtained by substituting

expressions ( given under equation 4.17 ).

can be

equation ( 4.46 ) in equation (4.51)

and making use of the result ( equation 4.,52),

(2)
P —

Im =
HEA

ami o Gl
7 ki d , {
H(yl)

)
Yy

H(YQ)
——g * (-
Yo

H( vy, )
3

2 *
Y3

+
@
2

)
Ya

2
2' 'é"" ad g’ A3B ) D ( Yl )
Yo Y3
2
Yl Ya
2
2 A3B _ 2 2 ) D Vg )
Y1 Y4
) ,
28 . 288 p(y,)
¥3 Yo
D ( Y3 ) D Yo )
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I'(y2 y2)
4l 2 " 4+ 848 D(y;) Dly,)
2 o '
Y1 Yo
' 2 2
I, (v .
4 1 Y3 + 8AB D(vy,) D(y4)
2 2
Yy Y3
' 2 2
I, (vy Ya ) '
4 L 2
+ 8B p{( ) D( )
5 - Y3 Y4
YQ 3’4
' 2 2
14 (Y3 ,Y4) )+ ((6A2 +6AB)
2 2 ) Y( 4 )
Y4 Y3 Yo Y3
H{(y,) 2
1 6 AB B
D(Yl) ) + '4"" ;) )D(‘/4)
Y1 Yo Y3
H(y, ) 22 ) 1
“___24 s (- A3 2A38 ) b2 Cy,' )
Ya Y Y4
1
H(y, ) 2
2 2 AB 2 B 2 '
5 S G B ) D7 (yg )
Yo Y1 Vg4
b}
H(Y ) ) '
e = 84 D(y;) D7 (y, )
Y3
2
| § 2 ]
I, (v y )
- S0 WA, - 8AB D(y; ) D% (y; )
2 12
Yy Yo

o
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4 Y3 Y3 _ 2 '
) s 8 AB D( Y4 ) D Vo )
Y Y3
2
H 2 [ ]

I (y b ) '
4 74 » Y2 - 88 D(y,) D% (y")
2 12 '

Y4 Yo
2
§ 2 ]
14(Y4 ’Y3 ) g ]
2 12
Y4 Y3

1 4
= =~5— [ 2 (-a(kx) dD(y,) —3F—)

+
N0

. ' .
( B(L)D(YL) -“““*;"2“-‘““)

r—*
!
ot
4
r

4 ' H(Y )
-z ( B(L) p(y" )
L =3 Y'z
L

Z C(M N) D(yy ) D(y N )
M=1,1,2,3
N=2,3’4’4

' 2 2
I, Cyvy vy )

o 2
. Y M YN



. $ 2 t
- s E(m,n)D(y _"Jp2(y ")
m= 1,1,454
n=2,3,2’3
2 2
¥ N |
I, (v > Y ) :
4 m n } (4.53)
’2 |2
ym yn

1} 1]
where A(k )s, B(L)s, C(M,N)s and

1
E(m, n ) s are constant which can be obtained from
t §

¥
the equations ( 4.43 to 4,46 ) , and Yy s and y 8

are exponential parameters of the wave functions
equations 4.43, 4.44 ). All these constants can be

obtained as

A (L) = 6.,97273 , y; = 3.4l Yy = 3.4l

A (2) = 2.23828 , Yo = 2275, 'y, = 1.932

A (3) = 178839, ya = 3.475, yg' = 3.132

A (4) = 5.57122, y, = 4.61, y, = 4.6l

B (1) = 6.97270, C (1,2) = 4.45743, E (1,2) = 116.0981
B (2) = 5.57120, C (1,3) = 1.52646, E (1,3) = 92,76262
B (3) = 0.77399, G (2,4) = 1.94868, E (4,2) = 92,76262

= 0.66733, E (4,3) = 74.1174

B (4) = 0,96869, C (3,4)

Similarly real part equations ( 4.19, 4.22 ) can be obtained



through theé equations ( 4.19, 4,21, 4,47, 4,46 ).. Like

in the case of ESGHe ’p;oceés‘( equations 4.;8, 4,21,
' 4,24 ) , here also can write directly closed form of
the rgal parts, by _making use of the imaginary results

( equation 4.53 ).

(2) \1’ 4
_Rel F = —— L Z ( A(k)DC( Yy )
HEA n k
i k =1
H (v, )
—‘.—-—;l-(_—.‘—)-
Yk
2 ' H'( -')
: 1 Y
z (B(L)D(‘ILr)""‘T""“L‘“T‘“)‘*'
L=1 . - ‘ v?
YL
¥ t
4 i 1 H(‘Y )
£, (B(L)D2(y' ) ——k
< 2
L=3 '
. ] Yi
b o Cc(m,N) D(y )D(y )
M= 1;1,2,3 M N
N = 2,3,4,4
L, (y %2,y %)
M N +
y 2y 2
M N

) -

: 87
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» E(m,n) D(y )D%(y )
m=1,1,4,4 m n
n=2,3,2,3

2 2
|
I, Cy |,y ) .
I n ] (4.54)
12 12
Y y
m n
(2) Q' te
Re2 F = S 2 A(k)D(y )H (vy,)
HEA 2 % k.,
i k=1
2 ¥ tt H
-z B(L)DCy )H (y, )
L =1
4 o K] 1
+ £ vB(L)Dz(yL JH O (Cyp )
L =23 '
j s
M=1,1,2,3 M.
N = 2,3,4,4
2 2
p(y ) Ml N
N 5 7]
M L
v 1
oz Ele.nlpiy ')
m=1,1,4,4 . n



_ 12 12
) o Ly Y )
D (y ) 2 1 ] (4.55)
n 2 ' 2 ,
Y . Y \
n n
1 '2 t2
All the functions H ( Vi ), I, (v , Y ) and
m n
1t 72 I2
H (v, ), I. (v y Y ) in the equations (4.54,
k 5 o n

4.55 ) arecsimilar to those in ESGHe -process ( given
under equations 4.20, 4,23 ), and all the constants, in
equations ( 4.54, 4.55 ) are same as given under equation

(4.53).

4.,3.2 Compazrison of present ISHe results with the other

data :

Using the ISHe ( Sec. 4.3.1 ) process scatter-
ing amplitudes ( equations 4.49, 4,53, 4,54, 4.55 ) we
have performed the ’DCS calculations at incident energies
_E =200 and 400 eV . We wused an average excitation
energy DE = 1.20 a.u ( Byron and Joachain , 1977 ) in
the calculation of second Born scattering amplitudes
( equations 4,53, 4.54, 4,55 ). These ICS results and
scattering amplitudes are listed in the Table (4,5 ). 1In
Fig. ( 4.4 ) we have shown the DCS with and without real.
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part ( equation 4.55 ) in the ©DCS calculations . The
present ISHe DCS results are found higher +than the
compared data. The discription'of the Table and Fig.

was as follows.

Fig. ( 4.4 ) shows present DS ( without
exchange correction in equation 3.2 ) at incident
energies 200 and 400 eV. Set A ( E = 200 eV ) shows
present DCS ( solid curves a and b ) at incident
energy E = 200 eV. Set B ( E = 400 eV ) shows
present ICS at E = 4OQ eV, It wan be observed
from these sets, that the &ariation of DCS due to
real part ( equation 4.55 ) was more at 200 eV than
at 400 eV,

Table ( 4.5 ) shows the ISHe scattering
amplitudes ( equation 4.49, 4.53, 4.54, 4,55 ) and IDCS
at incident energies 200 and 400 eV along with the
compared theoretical results of ©OSingh and Tripathi

( 1980 ).

The present ISHe resulis are found to be very
much higher than the GES results of Singh and Tripathi
( 1980 ).
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