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CHAPTER - IV

WALLACE CORRECTED HHQB APPROXIMATION

4.1 ' INTRODUCTION

Due to the recent advances both theoretical 

and experimental - in the study of electron scattering 

by atoms, the search for computationally feasible as well 

as accurate theoretical methods has been enhanced. But 

it is rather strange that none of the theoretical approxi­

mations explain equally successfully all the observed 

phenomena in scattering problems. Hence the theoretical 

physicist resorts to a particular method which applies 

best to the problem under consideration. With the intro­

duction of certain modifications, the range of applicability 

of the method can be widened. In certain cases it is 

even found that simple modifications in a particular 

approximation improve the results tremendously. But some­

times it may happen that certain highly sophisticated 

calculations come out with poorer results than those of 

simpler approximations. In such cases, there might be 

some conspiracy of cancellation amongst the effects neg­

lected by these simpler approximations. There is a lot 

of scope for the modifications of some of the commonly used 

approximations such that their validity criteria are
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relaxed resulting in a wider range of applicability of 

the method. In the present chapter we have applied^the 

Wallace type of trajectory corrections to the HHOB 

approximation proposed by Yates (1979).

The HHOB approximation proposed by Yates 

has several attractive features. The expressions for 

scattering amplitudes can be obtained in a closed form, 

thus, avoiding the complex numerical proceedures. The 

problem of divergent integrals ( like those in GES ) is 

absent and the method as such is simple and computatio­

nally easier. In the HHOB approximation the second 

Born term is handled in the same manner as the glauber 

approximation. At high energy the target is approximated 

as being frozen. The potential experienced by the inci­

dent particle will depend on the co-ordinate r of the 

target particles. Since the projectile wave is approxi­

mated by straight line rays passing through a set of 

immobile particles in the second Born approximation, the 

phase shift of the projectile wave is the sum of phase 

shifts from interaction of each target particles. One 

can obtain the amplitude factor from the phase shifts*

The second Born term treated in the Glauber way thus 

becomes very attractive.

In principle HHOB approximation is very 

well founded for a small angle scattering. At large
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angle there is a considerable departure ( Rao and 

Desai 1981, 83 ). Hence it was desirable to try 

certain modifications on this approximation such that 

better results can be expected out of the application of 

the improved methods. The Chief motivation behind such 

an idea is the work reported by Wallace (1973) who 

used a technique introduced by Abarbanel and Itzkson to 

obtain the leading corrections to the eikonal amplitude.

He has incorporated the trajectory correction in the ex­

pansion of the Green's function of the eikonal approxima­

tion and carried out further analysis of the perturba­

tion series. However the resulting many body Wallace 

amplitude does not eliminate all the difficulties inherent 

in the Glauber amplitude. In particular, the Wallace 

extension of the Glauber approximation is still a zero 

excitation energy approximation and therefore does not 

account for long range polarisation effects at small 

angles and represent inadequately absorption effects in 

the same region. As mentioned earlier, the similarity 

between the modes of expansion of the Green's function in 

the eikonal and HHOB approximation also. Keeping this 

in mind, in the present study, the HHOB analysis was 

carried out after incorporating the correction in the 

Green's function, the scattering amplitudes derived 

accordingly.
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In this chapter we present a detailed study

of the Wallace corrected HHOB approximation for electron- 

atom collisions. We have then applied this method to 

find out the DCS of electrop-hydrogen,electron-helium

100 eV to 400 eV. The total cross-section for hydrogen 

and lithium are also calculated for the energy range 

100 eV to 400 eV and 100 eV to 1000 eV respecti­

vely. These are then compared with other recent calcula­

tions and experimental data.

4.2 THEORY

The T matrix for an elastic scattering 

process in Second Born approximation can be written as

Where V is the interaction potential and G is the
o

particle propagator and is given by

and electron-lithium scattering in the energy range

T < Vf I ( V + V Gq V ) | (i. >, (4.1)

G
o

The wave functions I (J. ( r , r. ) > and IfJ-Cr , r-) >

are given by
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•3/2 ik. .r
h > = (2tc) e 1 t>2 (r.) ,

■ 3/2 ikf .r

tr > =
(2n)“ e 1 <j)f (£j) »

(4.3)

where and are the initial and final wavevectors

for the incident and scattered particle, and (Jh and

are the wave functions for target in the initial

state and final state. The inverse of the operator G 
2 2 0 

is G_1 = | - £■ - V + i t) (4.4)
O £

Expanding the momentum P about the vector kn and

neglecting the square term we will have the approximate
-1

eikonal aDDroximation of G ,
o

-1
g = v . 1K—P) - V + irj (4.5)

where v is the velocity in the z direction,

k - 1/2 ( k. r kf )

The approximate T matrix can be obtained by the use of 

g in place of Gq in (4.1)

T° = < Vf |V| > = < «j)f“ | Vi ^ > (4.6)

where | Vj_+ > and I Vf > used here satisfy the 

Lippmann Schwinger equation with eikonal piopagator g
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used in place of the exact propagator G . In the 

co-ordinate representation of these wave vectors 

we h ave

(+)
^ ( io ’ -1 }

-3/2
= ( 2 % ) [ 1

2k
n n

z -ip. z 
f e ln ° v (Wzo- V

i ik. cr
dzQ | (|)n (v.) > ] e 1 0

= ( 2% )
• 3/2 ik..r i—l —o „ +

e e
(4.7)

and

0
>(-)

(£o ’ il}
-3/2 -ik~.rC 2n ) e ~f - [ 1- ^

oo . n

( e V(ro’ V zcTz -rl)

I
dzc I <>n (-j] >

= ( 2%
-3/2 -ik_.r

) e -f “ i X 
e

(4.8)

where 6. = A H/k. , Ah is the excitation
rm ' x

energy of the target.
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Hence T° can be written as

i q«r
= ( 2% } < ((h l / e ~ dv V [ 1 2k

n n

z -ip. z , ,
I e V (x , y , z - z , r ) dz | <{) >
* 0 70 0 0*T> « 1 n

< | r° | ^ >

-3
= (2 *) < J f

iq.r i X. dv | > (4.9)

-1
The Shrodinger equation g fJ(r) = 0 allows us to 

write

iX,
/ dz V(r) e -

i X ( b)
v, [ e 0 - 1 ] (4.10)

iX (b)
where e 0 = [l

2 k.
n

Z f e 
n

■ip. z. 
m o

V(x,y,z-z ,r )H(z ) 
o’ 7 o' o o’—o o o

dzo I 't’n > < i 3 (4.11)

and H ( z ) is the Heaviside function, 
o o

Therefore equation (4„9) is obtained as

■3) iX (b)
T = ( 2n ) / db e1^*^5 i v ( e ° -l) (4.12)



111

-1
if- vie? substitute = k literally in g we

stssii obxain
_1

o =' Al
k-( k - e. S) - V + itj (4.13)

Furxher let us write

_1G~
0

-i
g - N

AI C
(4.14)

where Nc
= ( £. - Ilf ) * ( P - ) (4.15)

Clearly corrections due to N are 
c

caused by momentum

deviations from both initial and final directions.

Using (4.13) and (4.5) we can show that

-1
g

-1
= 9AI +

”1
% (4.16)

-1
where N a Xg + N, and A = 1 - Cos 6/2 ,

O- is the scattering angle of the projectile. We can

thus write the e-xnression for G as G = g + gNG
o o o

This expression of G can be substituted-.O

in equation (4.1). This will produce an expansion to 

the T matrix as a perturbation series

T = 1° + T^ + + T3 +------------ (4.IS)
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The first correction is obtained as

T

where J

T° + J

< <t>
(-)

V + Nc | $+ >

(4.19)

(4.20)

The general term in the expansion is
n

Tn = ~z ( " - l ) Ao m — 2 m=2

n-m m 
J

m
where J < V

(-)
( Av+Nc)Lg(Xv + Nj]

(4.21)

m-1

^i> (4.22)

From (4.3) we can write

J* = ( 2^ )"3 < $ If dv [ 1 2 | $>
f ° Kn n

oo . , *

-2.p. z , . ik. .r< $n I / e - V (x0, y0, z0 ) dz0 e -

L i -
n n n

i i
V ( x- , y , z )dz 

o 7 o o o

oo . „
?„><♦„! / e1 inZ°

-ik. .r
( AV + Nc ) e 0 [1

z
. I /

— GO

e-1Pin2o

ik. .r 
e-i -o l i + 4-e 1

Kn
t

tdz
0

VCxo- vOdzo

• - r-

2 -ip. z*
E J e in 0

n —oo

V(x ,y ,zn) dz I <b ><0 | <{). > 
oo o7 o 1rn rn‘ ri (4.23)

)
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The last terms in (j)^ and ({^ are first order in V

the change in action experienced by a particle which has

travelled from - <» to z incase of X, and z to <»
*1"

in case of X_ » We assume that the product of these 

are small in high energy approximation. Thus we have,

J (2%) < (f). | f e - e - e
ia.b^ i X -ik. .rja _o 0 —i -iQ

-iX ik. „r iX,
+ ( X V + N ) e e + dv

♦i > (4.24)

Now we can show that

-1 fci’So ■
e e

■i X.
+ ( Av + N ) e

i k. .r i X, 
-l-o _ -i

= Q . [Pb + VX+(r) ] - yx_ . P- t^i.r.)
f (4.25)

where the operator Q = [P + q + VX (b) ]
*■* — o

and tx(r, r^) = - Xv +VX+ „ VX_ (4.26)

Here - i 7, = -iyfc - i k (4.27)

The operator q plays a special role since it can be 

commuted leftward to produce a vanishing contribution to
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the scattering amplitude. The details of the properties 

of Q are described by Wallace (1973). After the 

elimination of the term involving Q , equation (4.24) 

can be expressed as

-3 ig.b iX
(2w) < <tV | / e 0 e ° [ XV-VX, .VX ]

= (2*) < M /
iX

e ~ t^( r , r^ )

> (4.28)

Further we can simplify as

rl

J
-3 iq cb

(2n) < <{)- | / e 0 Xv dv j (f). >

-3 ia.b oo -is. z
i(2u) < j Z J e "° V f e in °

V(xo, y0, z'Q) | X <(>n| dz | (fh >

-3 • iq.b
+ (2ti) < (j)^. | E / e

n

00 —i6 . z ’
(7X . VX ) / e in 0 dz' V(x ,y ,z1) 

o o’ ’o’ o'

dz : $n > < t I > (4.29)
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The objects X7 X+ and' VX are classical momentum 

transfer* for a particle which started at z‘ == — oo

and travelled upto a position z and which started 

at the position z and then travelled upto a position

= oo respectively Using the same notations as

those of Yates (1979) we can write T° and T1 as

B1 B2
T + (T )

HEA
(4.30)

T :
B2 -3

[ - XT0 + X (T ) ] - (2*) «U/
hea 1

ig.„b
e ( ^X+ • YX_ ) dv0 I $n >

(b > I <b. >Yn 1 ri
(4.31)

The terms of the oreder are neglected in the

above equation. The last term in the above expression 

can be further simplified using the values of X^ and 

X± as

(2k )3$f|/ela*^(yx+, VX, ) dv | (|)i >

L22l
— o

C <
4k

n

Z f e
n

i a v b
db
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I dz
o

z
/ dz’ VV 
J o -

OO |

/ yv dz i 
z_

°° , z , ,
(b. > - ip. I / Vv dz * f 17(2 V)dz
Ti rxn „ t - o JYo on z -«o

-ip / VV dz^ / v(Zq V) dzQ
— 03 —OO W

= Re \ - 1 RefW2 (4-32)

where Ref^2 is the real term of the Second Born term 

of Wallace.

The Second HHOB correction can be obtained by put­

ting m = 2 in equation (4.22)

2
J < lf | ( AV + Nc)g ( XV + Nc) | ^ >

-3
(2k)

- i-------
2 k

< / xq iX

n

[ Qj (P1 + ^ X+ (rp - VXX_ Crp . Pl

- t1 (rx) 2 / dZ2 © (Zi - Zg) [Q2 . (P 2

+ Yl\ (l2) } “ "£lX- U2} • I2 ~ tl(r2)]^i>
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< «t)f l / db if dz1 (t-jU) +VX_.P1) 
n —oo

z,X oo
/ x2) dz2 + / dzx ( -yXj’J -[P,Q]

~t

+ [Q,p]| -[ t,Q] + Qt ) /yx+ dz2 ] I ^ >

(4.33)

The above equation can be further simplified using 

the same technique for term. Hence we will get

J
(2n)
2 kn < / db

iq.r

i X (b)
[ (_ X V + V X+ .yx_) / 21

+ / t2 1^) dzx I (])i > (4.34)

-3
Neglecting the terms of the order of k and aoove 

that we can write the equation (4.34) as

(2%)
-3

4 k
< 4V l / db e

ia-b ix (b)

co 2
[ / i dzx ( - Xv + V X+ . V '<_)] I ({). >+
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= i
-3(2k)

4kn
l / db ia.b

e

iXQ(b) „
e [ f dzl i tj( rj ) ]

I ^ > (4 c 35 )

Simplifying the above equation further

2J -l
(2k)
4kr

-3
[ / db eia-k

iXo(k)
e

CO

/
— oo

2V dz^ + / db

iq.b
e ” e

CO

iXo(b) /
—.oo (v x+ 2V x_ )

d z 1 2 / db ia-k i x (k)e o

CO

S dz V ( V X. . v X ) ] 1 - + - _

(4.36)
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iX (b)
Substituting the value of e in the above

e quation

-3
L2&1_

4kn
< $f I [^/db

e

fl i_
k
n

/ V dz‘ 
0

oo 0/ v2 dz

+ f db

V dz' 1

ig..b " 
e

/ ( v X+ . VX_) dzx - 2 Kf db
— CO

/
-1 hnZo

,iq.b f , 
~~ 1

l
k

oo iB. z „ 
/ e in 0 V dz

n

CD *

/V(yx+ . vx_) dzx } I > - (4.37)

The third correction can be written in comparison with 
and J2 as

3 - 3 i q. b i X ( b)
J = - i (2rc) <(j)^|/dbe e°

oo 3

L / dzx i t1(r1)] / 31 | ^ > (4.38)

In general we can writ*3
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nJ = - i ( 2% )
2k n

n

< (j) J / db e
f

i q. b i x ( b)

[ j dz^ i ^ (r^ ) +.......+------ 31 ^ > (4.39)

The T matrix can be obtained by summing up all 

the J's.

Now the amplitude term can be obtained as 

2 2 o
f = - ( 2n ) T = -(2%) £ T (4.40)

n
O *

If we include only J and J in T then the ampli­

tude factor we will obtain as

(2) (2)
f = f + R 1 f (1-X)+If ( 1 + A )

B1 e HEA m HEA

+ R f ( 1 - 2i p. ) (4.41)
e w2 - in

2
Inclusion of the J will give the 'amplitude f as

(2) ^ (2)
f = f + R 1 f (1 - X ) + I f (1+A)

B1 e HEA m h l A

+ Re fw2 ( 1 - 2ilpin ) * 21 J (4.42)

2
Substituting the value of J from (4.37) we will get

(2) .
f = f + R 1 f (1 - X) + I f {2) (1+A) ,

B1 e HEA HEA
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+ K f ( 1 - 2i?ini)
w2

A'

8k n B1

+ i A'

8n k
n

it? .b
2 J* *db e "* J q

'iPln „„ ■ 
Vdz

/ v2 dz 87ik
,• iq.b oo -iB. z
l----- / db e “ - / e in °

n

Vdz / ( Vx+*VxJ dzx
»oo

2 . iq.b1 / db e ~
8-fck

n

/ C^x- 2x_ ) dz.

Now consider the term

j iq.b «» ! 21 / db e " “ / ( 2x * Vx* ) dz
87ikn

87tk . 4n kn

iq ,b
/ e db

o -ip. z V / e in 0

f -iPinZo , 7 2
Vdz • 7 f e ln 0 Ydz‘ 

zQ o

8TEk

a iqb
—5 / db e

n

^ / Ai - iplnZ;) vdz‘ v
rnm CO

/ ( 1 - iPinzQ ) V dz 2
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8Ttk
— / db e

iq.b

n

f 7 Vdz - f 7 Vdzj *_ q j Q•>09 Z

O

Zoi if in / *1 V dz' , V 1 Vd* 10.rm

o •f V zrt Vdz 7 / V dz
J — O O - i

( Rf - i 46. R f )
w3 in e

(4.46)
w3

Substituting the value in (4.45) we will get the ampli- 

tube as

(2) (2)
f = f + R 1 f (1 - A) + I f (1+ X)

B1 e HEA “ HEA

+ Rfl f _ (1 - 2ip± ) - f + 4i f
w2 w3 m w3

- , oo .. iq.b -iB <rz ,
+ —"-2 / db e / e in 0 VdzQ / dz

8it *n

8itk_

iq.b i6. z , i 44 r . Km o s J e
n

Vdzo f
—oo

(VX. . VX_ ) dz. A
8itk.

,2 . '

n B1

In the above equation all the terms of the order of K

(4.47)

-2

n
are dropped out . This is not too much justified
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3
because if one takes higher order terms in J there-2
are going to be terms of the order of k

n
However to maintain the symmetry we somehow justify 

the assumption. Hence

f = f + 
B1

R
e

(2)
1 f 

HEA
(i - X ) + im

(2)
f (1 + X )
HEA

+ Re fw2 (1 - 2 i P,n ) - RQ f + 4-i 0in w3 m

R f 
e w3 8itkn B1

(4.48)

The difference^ between f and f
o B1 Bl

is that the

latter contains the V term as the interaction term

and further it is of the order of . In comparison
kn

with f this term contribution is small and thus we 
Bl

will get
(2) . (2)

f = f + R 1 f (1-A) + If (1+X)
Bl HEA m HEA

+ Re f (1 - 2i eln ) - Re f U - 4 xpin) 
w2 - w3

(4.4?)

Similarly if we will take J contribution we will

obtain the amplitude f as

(2) . .
f = f + Rif (1 - A ) + I f (1+A)

Bl HEA m HEA
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+ R f (l - 2 i p. ) - R f (1 
e w2 me w3

+ R f (1 - 8i p. )e ... Km

i p.. *an )

(4.50)

We can see from the above expression that the various 

amplitudes are corresponding to the orders of K°,
K”2, K8 etc in XQ(b). We remark that f„ is expli­

citly a function of X . Hence for small momentum 

transfer, X = 0. And thus we have the T matrix as

n ix (b) it,(b)
T = £ J (b,0 ) = - i e 0 [ e 1 ] (4.51)

n

Hence the an^litude will be

(2) (2)
f = f + R 1 f + I f + R

B1 HEA m HEA

-Re f (1-41 p ) R f (1 
e w3 ' xn e w4

f (1 - 2,* p )
w2 - in

8i Pin ^ (4.52)

Obviously we can varify that when p^, —> 0 it 

exactly turns out to be the eikonal approximation .

The principle difference between HHOB and the 

present form lies in the handling of momentum transfer 

dependence.

If we want to consider the large momentum 

transfer we should consider X also. Now we will follow
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the same argument as the Wallace. The class of terms

that would survive can be given by ^ J (b, o) plus

the additional undetermined functions which however
—4

will be of the order of K or small. Thus the

corrected HHOB amplitude can be conjectured to the
-3

successive approximation upto the order of .

method is that the corrections are done to the HHOB 
approximation in analogous with the eikonal approxima­
tion.

4.3 Calculations

Hydrogen Atom :

n

n

The important high lights of the present

The ground state wave function for hydrogen 
atom can be written as

^ ( rx ) = -rrl— exp ( - r )
V rc

(4.53)

The interaction potential can be written as

V 1 1 (4.54)
ro

The first Born amplitude will be

f
2(q2 + 8)

B1 (q2 + 4 )

obtained as
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(2)
The expressions for Rif and

e HEA

(2)
I f m 1 HEA are

given in equation (3.2l) and (3*19) respectively. The

expression for R f is
e w2

H 2
R f = k. / J (qb ) A ( b ) b db (4.56)

e w2 1 _ 0 “

where
2

A ( b ) = / | § ( rA )I Xx (b, rx ) drx
Is

-1 2 2 X/2 
= % f dbxbx / dz^ exp [-2 ( bx + ]

/ dw Xx (b, rx) (4.57)

Here w is th e angle between b and b^ and

%
X, (b, r ) = ----- 17*2 [ P 1/0(u) - b. P P (u) ]

1 1 (bp) -1'2 ~ 1/2

(4.58)

2 2 2
where u = (b+p+zx)/ 2bp

Since p » b - b^ we have

a 2
b » p * ( b - bb^ cosw )/bp = dp/db (4.59)

The detailed calculations are given by Byron et al (1983)

The final expression is
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H
Re f,W2

2
■^(q2

16
4) k^Cq2 + 4)2 (4.60)

Finally for the consistent picture of DCS 0(1^ ) we 

have included the exchange amplitude ( Byron and 

Joachain 1977 ) and third Glauber eikonal series term 

( Yates 1974 ). The corresponding expressions are

-^2 + (4.61)
ki

"5* / 1b0 exp (i H •

(4.62)

« OO

l / V dz (4.63)
i —<*»

Thus using the equations (4.1) to (4.63) we have 

obtained the DCS and TCS in Wallace corrected HHOB 

term for the elastic of electrons by hydrogen atom at 

100 eV to 400 eV and 100 eV to 1000 eV respectively.

^och

and

(3)
f
GES

where X *

Helium Atom :

The well known Hartree - Fock wave function 

for the ground state of helium atom can be written as
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He
$1. El* 52 5

The values of P, 

(3d4)

(P + Q) (R + S) 
4it (4.64)

Q, R and S are given in equation

The interaction between the incident electron and 

target atom can be written as

- 2
| r - r. I1 -o —l* 1 I So -

(4.65)

where r f r^f r2 had the usual meaning.

(2) (2)
The ©cpressions for fR1 , Relf , I f are given

HEA m HEA

in equations (3.17), (3.28) and (3.24) respectively.

He
Re f^ can be obtained by evaluating the expression 

He —2 oo
Re fW2 “ / JQ (d b) A(b)b db (4.66)

2
where A(&) = f 1 Pls (r^, Tq) l r^, j:2) drx d^

(4.67)

1 oo
and X^b, r^ £2) = ~ / ( V X+).( V X_) dz (4.68)

Following the same method used for the calculation of
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H HeRe w® can obtain the final expression for Re f
W2

as follows.

He 12 3 4
Re f « Re f + Ref + Re f + Re f 

W2 W2 W2 W2 W2

5 6
+ Re f + Re. f

W2 W2
(4.69)

Here
1

Re f
W2

16 ATTT2a (q + a )
32 A

kf a tq + a ;

2
Re f 16 B

W2 , 2 q6 / 2 q2\k± P (q + P )
32 B

k/ P4 (q2 + P2)*

3
Re f

2 2 
64 A B

W2 2 „6 / 2 2%kj. p (q + p )
2 2

128 A B
. 2 a4 i 2 ^ q2s‘ k± p (q + p )

4
Re f

W2
2 2 16AZBZ

k 2Ki 6/2 2 \ T 4/2 2x2a (q + a ) a (q + a )

1 2+ T72---2 + ----Y (q + Y ) / (q2 + y2)J
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5
Re fW2

32 AJ B r 1
,26 LT% 57^ a (q + a )

2 a i+ 7^ 53 J
tq + a J

32 A B r 1+ ----- 4*—j L-J-* 2p°kj q + P
—s ]

O o ^
(q + P )

6
Re f

W2

32 A°B r i
-----_ [--j-------2-

ki a (q + a )
JLjl

/ 2 ^ 2s'(q + a )

32 B° A 
. 2 fi6 “i ^

28'
2 2 ' q + pz , 2 ^ e2*‘

M ^ (q + P )

The constants A and B are given in equation (3.14).
i - » »« «iHere a = yy f p = yy , y = yy where y = 2%

* it tit i 11

y » 1.41 ; y = 2o61 ; y = y + y /2

For the calculation of DCS we have included third glauber 

terra and the exchange term. The expressions are given in 

equation (3.31) and (3.34) respectively. Th6 DCS is 

calculated for 200 eV and 400 eV.

Li atom :

The ground state wave function for Li atom is 

taken as that of Veselov et al (1961)
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Y31— det ( 0, * & , , U> «)
7 rlSf * *is 4, 9 r2si

with

Is
3 1/2

e -ar

*2s
30.... ...r....  ■ —

% (a - ap + p^)

1/2
' r -Sr] (l—a + ■jj )re

where a = 2*694 and p = 0.767

The interaction potential is taken as

V = - 3
t Ir1 ~o Sel IE0-E3I

The rotations have the usual meanings. The expressions(2) (2)for fn , Rel f , I f are given in equationsBr HEA m HEA
(2.11) , (2.19) and (2.15) respectively. The third
Glauber term is given in equation (2.2l).

Li -2Re f = k. / J (a b) A(&) b db
W2 x 0

where A(b) = fff X^b, r^ r2, r3) 0 <j) dv

2 3= A1 (b) + A (b) + A (b)
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h'

where
1

A (b)

”«!bII f b^ db^ dz^ e 1 X^b, r

2 3 - X r9
A (b) a

SB **•%
/ X^(bf rg) e *• b^ db^ dz

3 N2

it

-X r
A (b) Dop / XJl(b,r3) e z

2a ; 2P » X3 = a + p

dv

Here the cross term calculations are neglected since

they are less significant. Proceeding the same way as 

W2 W2
that of Re^ f we can find out Re*** f c

Li
The final expression for Re f is obtained asW2

Li
Re f a* / b db JQ(qb) A(b)

W2
2 X

2 \2- r) 9 29 + \ (q2 +>2) .

+ 64 N2 ®p t \,AJ vh t -3^71 +
3 2. A0 a +'2. q“+ X

2 x;
( q2 +%)

The DCS is calculated for elastic scattering by Li 

atom from 100 eV to 400 eV.
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4*4 Results and Discussions :

Hydrogen Atom :

The present results for the DCS for the 

elastic scattering of electrons by hydrogen atoms at 

100 eV, 200 eV and 400 eV are given in table (4.1),

(4.2) and (4.3) along with other avilable theoretical 

and experimental data. In table (4,4) we have shown 

the present results for the TCS in the energy range 

100 eV to 700 eV. The present results for the elastic 

scattering of e - H are also shown in figures (4.1) to

(4.3) . The values are shown at small angles because 

(i) HHOB is good for only small angles and (ii) the 

correctness of the Wallace correction has not been esta­

blished for large angles.

In table (4.5) we have exhibited the individual
(2) -1 amplitudes. Re lfv term is of the order of k. only
HEA 1

-2
and Re f is of

W2
the order of

(2)

k.
X

If pi is set

equal to zero the ReIf will
HEA

vanish and the leading

term of the real part of second Born term is then propor
—2 (2)tional to k. . The imaginary part of f is of the

1 HEA
order of k/”^. If we set pi = 0 this term exactly
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becomes Glauber's estimate of the second Born term.

It can be seen from the tables and figures 

that the present results agree very well with the exp­

erimental data. It may be noted that the present calc­

ulations yield better results than the simple HHOB 

approximation ( Rao and Desai 1983 ). The main diffe­

rence between the present approximation and simple

HHOB approximation is that 1, real term of HHOB
“i

is replaced by real term of Wallace term.

From table' (4.5) we can see that the -------7
ki

term of HHOB is smaller than f . Hence HHOB
e w2

overestimate at higher angles and underestimate at

smaller angles than the present results. The R 1 
(2) (2) e 

f and I f are different from those of HHOB
HEA m HEA

terms by ( 1 + h ) and ( 1 - h) respectively.

Looking at figures (4.1) to (4.3) we see 

that our results agree very well with experimental data 
up to angle 50° whereas the UEBS (Byron et al 1982) 

agrees up certain angles. For 100 eV the difference 

between our results and experimental values of Willi am s-^- 

is less than 1 yi . For 200 eV also the difference 

between our results and Williams is very less. The
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HHOB results underestimates in this region. We can 

see that UEBS results are lower in the whole angular 

region. For 400 eV we can see that the DCS values 

of a 11 workers agree very well!

Helium atom :

The DCS for the elastic e - He atom at 

200 eV and 400 eV are calculated using the present 

results are shown in Tables(4.6) and (4.7) and Figures 

(4.4) and (4.5) along with other theoretical and expe­

rimental data. Here also we have shown the results for 

small angles.

From Tables and Figures we can see that our 

results fairly compare with the experimental values.

For 200 eV our results are slightly higher than that 

of Jansen et al (1976) and lower than that of Crooks 

et al (1972). But for 400 eV our results are lower 

than that of Jansen et al. For 200 eV the EBS results 

are almost same as that of our results. For 400 eV EBS 

results are less than that of present results. From 40° 

onwards the experimental values and theoretical values 

have significant difference-

In Table (4.8) we have shown the individual 

amplitude. We can see that ^e^w2 are lower than that
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(2)
of R 0 f for the whole energy range for 200 eV and 

eZ HEA
400 eV. Hence the effect of R0 f^ is to reduce the

differential cross sections The difference between
(2)

Re fw2 and Re2 * is significant from angles

larger than 40°. The present real., and . imaginary 

terms differ from HHOB terms by (l - X) and (l -j~ X) 

respectively. Hence the present DCS results are 

slightly more than HHOB results at small angles and 

smaller than HHOB results at' large angles. Hence 

we can justify the inclusion of trajectory correction 

for the calculation of DCS for the elastic scattering 

of electrons by helium atoms. We have shown the results 
for angles up to 50° since the trajectory correction 

is established for small angles only.

Li Atom ;

In Tables ( 4.9 ) to ( 4.12 ) we have given 

the DCS for the elastic scattering of electrons by 

lithium atom along with other results. The results 

are also shown in Figures ( 4.6 ) to ( 4.9 ). Here also 

we have given the results up to 90° . The reasons are 

same as those of hydrogen atom. For 100 eV we can see 

that the present results are slightly lower than that 
of HHOB at 5° and higher than that of HHOB after­

wards up to 60°. The difference between the present
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and HHOB is rearly 5 to 15 'A . The EBS results 
are higher than ours from 40° onwards.

For 200 eV also our present results increases 
HHOB up to 60° and decreases afterwards. For 300 eV 

and 400 eV our results are greater than HHOB from 

20° onwards.

In Tables ( 4.13a» b, c and d ) we have shown

the individual amplitude terms. We can see that

and R 0 f are having significant difference at large 
HEA

angles. Hence we cam conclude that the trajectory 

correction included for the calculation of DCS gives 

better results than the ordinary HHOB calculation'.
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'SÔ•H03M30If)

rH1
'«*«<*O'00
03if)oCM

«—N
•—A

If)ooIf)•

CM
M3•H
rj-

O'•C"

<—NCM8
O'cooG
'Sf

CM1
C- *—1 CM O'GCM

«**>CM1
00
CO
If)
G

f

toa
•«

iH
«

••

•H

i
1 a> 4Jca><003Ma.

CO■sfCO00
.M3CM

O''tr-CO0O'

r-inCMM3«
r~i

If)if)M3i-*G
if)

**■>rH1
CMCMM30CM

H1
'—

00«Hif)
o

*—1

CMI
O'CO■to•
00

•"*“NCM8
CMino•H•-t

CM1
COM3M3O'G
CM

CM1
1-<frc-tn.

Ta
bl
e

1 d> if) o>—i oCM oco O
"tf oIf) oM3 or- O

CO oO'



Ta
bl

e 
: 4

.1
3 

: a
 - 

Th
e 

be
ha

vi
ou

r 
of
 t

he
 s

ca
tt

er
in

g 
am

pl
it

ud
es

 f
or

 e
 -

 L
i 

sc
at

te
ri

ng

151

co
C3S*.

1

1.
47 O'o-o»H 1.
77 COin.-H 1.
40 COCO

«*H
x0•HO•H

•HH
H 1.

00

r—X
rH1
min9
O'

i

CM < 
to X

eM

§
i-HsO
0

04CO
inO
«04

COH<No•

rH1
x^rO'mO'O'•00

iHI
x_>O'vOCOvO
eO'

r—xrHJ
-x_rfxO0-o-00«xO

r-'x
•H1
x_r00
mO•M-9in

' **■«* 
H i
o’
O'00xOe

it's*—I1
O'o-inrHeM"

O’■H1
x_«i>O't"int"
9CO

!N < 
tu 

, X
04
<DSC

rsH1
ol—i
oo

*—(1
xfrxO■<*04•04

H
i

0-vO1o•H

r*N04I
O'O'oO'
eO'

04a
O'O'O'04004

r—x
041v_*
o-
-H
rH
oiH

r~XCO1
•H
00COrH0xO

CO

CMvOC'CO9CO

<rx>00

xO
ininO'e*—1

rHCOixyCMCM00
■H

.'—1

04

CDX

H
i

iHco■M"0-«CO

<—N r~i1
x_^in»HxfrrH

«CO

rH
1

x_^COxOO'l>«rH

rT-x041
x_*«‘—i *Sf xO vO
0O'

»~x04J
•—0 04 
i-H 
rH 
xQ 
oin

041
8
OxO
«CO

r"N04

rH
O04
ino04

CM

*—1CO00009
rH

CM

O'O00
o

<—1

r-X
CM
x^xOCM
rH
CMo
rH

■“S04 <
—» , UIX«w

a?

vO in >—!COo
*H

00xfro
CO
«H

04o-"fro9
»—1

r-~x
i-H
1

x^rO'0-
O'00•00

r-'irH
1

xfr04O
O'.0~

rH

O'xO
ino«0-

«r~xrH
1

CM
rH
O'CM9xO

rH
I

O'o-oxO0
in

/“N
*—1I
x__rC"
xt
rH

o9
in

IT'S
»H

1
XwTCO
rH
rH
in9-5J-

<—i
CQ<W

O
i—1
COoin

O'00inCOa

ino~
CDCO9OJ

0*O'8
*f—4

r—xi-l«
in04
0004e00

rH
1
coCO00O'©
in

rH
1

oO'xO6

r">
rH

1
r—ioxO00•CO

/—X
rH

COxO00CM•CO

r—x
rH
1
O'o00COa
CM

I in o O o o o o o O o I©

at
 10

0 
eV
.



Ta
bl
e 

: 4
,1
3 

: b
 - 

Th
e 
be
ha
vi
ou
r 
of
 t
he
 s

ca
tt
er
in
g 

am
pl
it
ud
es
 f
or
 e
 -
 L
i 

sc
at
te
ri
ng

at
 2
00
 e
V.

152

CO «—1 i
•H«CO

1*«-*»8
o(O'

H1
HX
*f'-

1V_9'tX
9

X

H1
*3-
oX

rH
s
•X

*H
I
XX
9

'tf

HI
X"O’9
't

•—1I
XCM
9

H1
CMO'
9

X

<>-~s<N <-_ UJf„ X

H

lO«nvDH0<N

HI1
CMXCMX6X

«—VH1
Ho■M"XeX

✓"'»H1
—j>O'CMXO

oX

«<"-xH1
O'oCMO'0X

H1
CM
X *—1 * X

H1
CMCM
X
9CM

*->H1
O'3
CM
9CM

<**»H
X'tCMO•CM

H1
s—#8
CMX•H

CM < W X
CM©cC

•H1
inOvs
,CM

✓**VCMi
O

O'9
in

CM1
'tO'XX
9CM

'—nCM1
ooH ■—1•<—1

X1
HooO'•X

X1
o'5-XX0

•r-s
1
a
3

9X

't1
XCMOX
9

CM

't1
*—1CMXCM
9

H

i
oXt-H
9

X

CM£

©X

<<—s *—i1
O'
N0
«H

H8
*->Mi**inCMh*CM

«iH

CM1
**»->O'r-oX

•x

CM1
CMXX
sf-9CM

CM1
•»«*«**HCMXX

•H

X1

XX
©X

r~NX1
'w*oXXo0X

NX1
XXXX9

<-*NX1
■du/oHoX

oro

^**NX '1
HOoO'9CM

CM <WXM-t

<1)X

>—11
XCMr-
oO'

•H1

oX■o-
X

<—>H1
Xt~X'O-oX

^-NH
•—1 r-
•«frcX

H1
XXX
X9't

HI
XHXX
9

X

H1
O'ooCM
oX

/~NH
CMXO'X
9

CM

Hi
XXO'CM
•CM

HI
—«►XHXO'9»—1

HX
XO'inO'9
■M"

H
'O•M"cX

X •—1CM't
eH

H1
HX
if■M"9
r»

<-"NH1
'tO'HO'9NT

i—!8
s—n*O'X■O"XoX

.'—SH1
O'oXX
•CM

*—1I
CMX
X9
CM

-I*-*NH1
X'tr-o>•H

<—1
O'CMOC-0H

o o o O O o O o ob



roi_n
sc
at
te
ri
ng

CO
, o4-1

/~s ■—t1
p~-f-
«lOo

***

1
COoeMO

■Hi

00
•p-

H1
inO
•p 3.

67
C-
1) •—1

*****•HIo0CO

H1
r-00
0CM

H1

in
e

CM

<~NH

HCO
0

CM

>—f1
M3CMeCM

of
 t

he
 s

ca
tt
er
in
g 

am
pl
it
ud
es
 f

or
 e
 -

 L
i

^ < 
CM UJ

4h
6M

HOCOco
o*—1

•>-**■*H1
--U0*pp~CPCO
oin

r—\
1
PPO'M3oP

H1
COHCOPoco

Hf
oO'00
inoCM

Hs
«—t CO p-o*CM

H

P-
lOCOIP-
0H

Hf
inO'o•M*
rH

H1
M3inCMCO
0H

H1

o
cH

CM < 
— U1X<N

CM
©DC

f'-NH1
M3r-M3CM
«»—1

<■-'»»HI1

O'CMCM
•

«-■>CM1
lOM3O'CM
oH

«-"Ncol
C3O'O'P“
«CO

/>CO1
poCOH0•—1

P1
o’
Oo00
oCO

r*\ 
P1
C3HO'CM
oI—1

ini
inCMCM
in
co

ini

M3ur>0•—1

#->ini
o00H«Ho

<Ns4-1
©Dd

-—V'—i1
00P-oH
•H

*-*«CMI
O't-5j-o•p*

(—sCM1
V._*r-CMCMP«CM

<-NCM1
M3O'ina•

CO1
>v>COCMM300
•in

<~sCOs
poM3r^
0CO

r~>,CO

o’
co
inM30CM

col
'—>oi—loooCM

^*sCOI
*-*•H
COin
0
H

r~*yroI
rH
8
o1—1

n ,3o
>(0-C©n
0)x:f-

•>
©
O

+>ra

/-SCM <
-— idX4-fH

©oS

/“NrHl
O'COH00
6p-

«-*»H1
p~H"P■p*MO

<-*H1
v_^00inO'00

©P

-—•s

p~O'inO'
«co

<-—*•—i

CM
r—1
M3 •—I

•CO

-—>—ii
p H •—1in0CM

*—<» H1
CMH<Ho0CM

<■>>—11
00O'■O'in01—|

"h
1

s—> CO O' inCO
0
H

i
*ncoin•H
•<—1

O
••
COHo

e«

HDO4-i '?M0
o

"P

COCO
«CM

CMO
•«—1

*">H

00p
a

in

H1
f-
tnoco

<—». r—4t
inM30CM

r*\ HI
COH0CM

H

COM3
•i—l

Hi
CM^P

0
H

H1
CMCM
•

<—\

©
-Q<0h* 1 d> l if> a 

*—1 oCM aCO op oin OM3 op~ o00 OO' 1



154
sc

at
te

rin
g

CO
uo

Hi

Hi
*««■*
00

c•MT

9-N94

1
>■4

«"fr

*H

0vCO
6

CO

—1
1

hT00
a

CM

9-41
-w*
oO'

9

*H

in00
oH

9-N
1

M3
t-9
9-(

«r~NH1

R
9

94

•H

oM3
9

9-4

rH

1

CM
in9
94

of
 th

e s
ca

tte
rin

g a
m

pl
itu

de
s f

or
 e 

- L
i

<—nCM < 
s_# III DC Hi

s
M

»—%
H1

COMO
CM

oO'

94I
CO
94

f~0
ofr

*H

$
M3
•CO

»—NHI
•—9O'
M3
in9CM

<n«941
CO
CM
O'

9r—l

s
«Hi

<•
O'
co
in9

9->>r-4I
fs.
00
CM

•
9-4

94I
O'
o9-4

9
9-4

9%
CM

1
-—9
o
r-

9

O'

«-"N
CM

1

O'
in
("■

9

00

CM < 
w Ul

VC
Hi

CM
0*®

CM
I

M3
O
CM

e
00

«-*s
CM

1

r~
in
00

e
r-

<9^
CM

1

O'
in
CM

•
»—t

CO

>H
H
M3

9

in

«-""N
CO

oO
CM

9

O’

•'-'s
CO

1

oo
rH

9

H

<->
•"t

1

a
o
o

9

CM

1
"o
O'
00

99-4

'tf-
1

o9-4

in
9

9-|

Hf
1

•—1 
in
O

9

94

0)
as

«•“«»
CM

1
'o

in
00
•

9-NCM
«

O'
vO

9

CO1
O'
in
CO

o<—1

co
l

CM
in
00

9

in

9-%CO
1

O'
't
CM

9

CO

9—»CO1
CM
O'
o

•CM

«™\co
l

O'
r-

•*H

<-~sco
1

Nw*
r~•H9-|

•H

<—N
1

oM3
00

©00

Y—N't
1

rH

a
co

ec-

- T
he

 be
ha

vi
ou

r

at
 40

0 e
V.

CM < 
W

, 1 HiiH
aS

<—>•—i1

COinCO
in

e
M3

941
M3

00
CM

«in

'—1
1

*—1

r-O'
9

CO

H1
»

CM
00
00
O9

CO

H1

int-tn
CO

9

CM

9-Nf—4
1

f-C0
o
COo
rH

*H
i

M3
CO
O■M-

99-4

cHi
M3
O'
9-4
rH

©*H

*•—> CM
1

't O' M3 
«—i 

«O

CM
1

SmuT
o

M3
Or-

•r-

TJ
M

CO
•H9

••

03
Hi

M3
CO

9

■M"

i>co
•CM

<—V-41
00
o

c
00

<~Np»H1
M3
't©

<—l1

M3
CM

9

*H
i

O'
•CM

9-41
•—9o

c—
99-4

Hi
00
Hf

•
rH

*H

O
•H

•
rH

CM
1

M>
•sf

9
O'

a>
X3
m i
H |

1
CF ! in O

iH
o

CM
o

CO
o O

in
o
M3

o

c-
o

00
o

O' 1





D
C

S(
a^

Sr
'>

FIG* 4.3

400 eV

Present
UEBS
William's

HHOB
(Rao &Desai)

20 30 40
Scattering angle

60



D
C

S(
a2

Sr

FIG' 4.4

-2
10

0 10 20 30 40 50

Scattering angle

- He 
= 200 eV

Present
EBS

HHOB
(Rao &Desai 

Crooks (1972 )

Bromberg
(1974)



D
C

S(
a/

Sr

10

10

FIG-4.5

e - He
E = 400eV

— Present
— EBS

X HHOB
(Rao & Desal)

0 Crooks(1972)
& Rudd

A Bromberg

'

(1974)

Z o

■

10

10‘

10 20 30 40
Crn ^ farina rtnnlf*

50 60



D
C

S(
o.

2S
r

FIG: 4,6

Li

E = lOOeV 
__ Present

1
10

10

-2
10

W 50 60
Scattering angle

J
8020 30 40 70



FIG*4.7

e — Li

10 20 30 40 5 0 60 70 80
Scattering angle



1C *n\g*Y
i




