CHAPTER =~ IT

RELEVANT THEORETICAL FORMULATIONS

2«1 Introduction 3

The second chapter deals with some of the intermediate/
high energy methods such that the subject matter of this
chapter is independent and self-consistent and useful in the
discussions in the succeeding chapters. Since the study
of electron=atom colligions cannot be done through one
single theory that universally applies to electrons of any
energy impinging on any target, specific guantum mechanical
theories have been developed for specific energy domains of
the projectile electron. The general classification of
energy domainsg is three fold « low, intermediate and high.
If the speed of the projectile electron is less or nearly
equal to that of the target atom, it refers te the ‘low’
energy range, where only a few channels are open. The
‘intermediate' energy is near the excitation threshold of
the target and extends upto a few times the ionization
threshold. Thereafter, one is in the ‘high' energy region
which finally goes over to 'very high' energies where
relativistic considerations become prominent. Cbviously,
the energy domain depends on the target atom and quite gene-

rally, a2 broad classification of different ranges of energy
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can be made as followst the incident energy less than

10 eV is in the low energy range; the intermediate energy
ranges from 10 eV to nearly 100 eV and above that comes
the high energy region. The present work is mainly
concerned with intermediate / high energy regions and a
discussion on the various theoretical methods in this

energy regime will be instructive.

In recent years, numerous calculations corresponding
to nearly as many theoretical descriptions have been made
of amplitudes of high energy collisions of charged particles
with atomic targetse Because of the enormous complexity in
describing and predicting the results of the associlated
experiments, most of the cited works have had as their
Objective the determination of accurate and computationally
feasible theoretical procedures. Included among the more
successful methods are variationg of traditional impact
parameter studies (Dewangan, 1975), the simplified second
Born approximation (Holt and Moiseiwitch, 1968), Glauber
(Gerjuoy and Thomas, 1974) and modified Glauber approaches
(Hambro et al, 1973), the Coubmb Projected Born calculations
(Geltman and Hidalgo, 1971) and the Eikonal Born Series
approach (Byron and Joachain, 1973). Before going into the
depths of the theories, let us have a bird's eye view of
the development of various theoretical methods from time to

timee
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Among the several methods that have been proposed
in the recent past to study the scattering of electrons
from atoms at intermediate and high energies, most of them
are based on two basic approximations in the field -~ the
eikonal approximation (Joachain and Quigg 1974) and the

Born approximation (Schiff, 1968).

The Glauber approximation (Glauber 1959, Gerjuoy and
Thomas 1974) has been extensiveiy used with reasonable
success to éalculate the elastic and inelastic cross
sections for simple target systems. It is well=-known that
the Glauber approximation suffers from geversl shortcomings.,
the most prominent one being the logarithmic divergence of
the scattering amplitude in the forward direction. Various .
attempts have been made to rectify these defects. Chen
and Hambro (1972) and Chen et al (1973) have corrected the
classical straigﬁt line trajector§ used in the Glauber
approximation. The assumption of the straight line
trajectory leads to the disappearance of the real part in
the second Born term. This was first identified in the
case of potential scattering by Byron et al (1973) ana
Byron and Joachain (1973a) and then for electron-atom
scattering by Byron and Joachain (1973b). To account for
the Mmwssing +eal port | Mathwa (1874) avicladed
the polarisation effect externally in the Glauber amplitude
by treating the target wave function perturbed by the
incident particle. Joachain and Quigg (1974) used an

eikonsl optical model which includes the secénd order
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potential in the evaluétion of the Glauber - phase.

Byron and Joachain (1973 b, <, 1974 a, b, 1977) proposed
the Eikonal Born series method which consists in expanding
the scattering amplitude in alternate terms of the Born
series and the Glauber series. Flannery and Mc Cann (1974)
have used a multichannel eikonal treatment. Ishihara and
Chen (1975) proposed a two=-potential eikonal approximation
and have demonstrated that the inadequacy of the Glauber
approximation to predict elastic scattering cross-—sections
at all angles is mainly a result of the inadequate semiclassi-
cal treatment of the close-encounter collisions. Birman and
Rosendroff (1976) have proposed a modified approach to the

Glauber appfoximation'

Simultaneous with these developments, the second-
order potential approach of Bransden and Coleman(1972) has
also been succegsfully used at intermediate energies. In
this method, allowances are made for the states omitted in
the close~coupling method (Burke and Schey 1962). Latér
Bransden and Noble (1976) used the four - state coupled -
channel second-~order - potential method to study the e - H

elastic Scatteringe.

Aamong the first order theories, the first Born appro-
ximation (FBA) is. the simplest eventhough it is known to be
inadequaté in the intermediate energy regime. Attempts to

improve the FBA by including the second order effects have
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been made by Jhanwar et al (1975). Junker (1975) proposed
the modified Born approximation by considering the distortion
‘of the incident wave. A similar procedure was used by
Geltman and Hidalgo (197la, b, 1974), Geltman (1976) and
Stauffer and Morgan (1975). An extention of the Born model,
the diétorted wave pPa@larised orbital approximation has been
used in the electron-atom scattering by Mc Dowell et al

(1973, 1974, 1975a, bJl.

Of the many attempts to improve the seikonal apbroxima—
tion, the second order eikonal approximation named as the
Wallace correction (Wallace 1973) is the most sophisticated
method which was applied with succéss to e = H scattering by
Roy and Sil (1974) and Unnikrishnan and Prasad (1982). The
Wallace corréct%on has further been elzborated by Franco
(1982) and also by Byron et al (1982).. As the name implies,
the 'modified Glauber method' (Gien 1976, 1977, Tayal et al
1979, Jhanwar et al 1982) has been another successful modifi-
cation of the Glauber theory. The work of Dewangan (1980)
is also relevant with respect to the'Glauber theorye. Of the
several modifications dev§loped for high energy electron-atom
colligions, the work of Rosendroff (1977, 1981) and

Rosendroff and Birman (1980) is really worthy of mention.e

Coming back to the Born frame work, the Fixed Scatterer
approximation of Ghosh (1977, 1978), the Simplified Second

Born approximation (Byron and Joachain 1973) and the various

Ay
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calculations associated with it, the High Energy Higher

Order Born approximation (Yates 1979) and the distorted wave
second Born approximation (Kingston and Walters 1980) have
been the major mile stones in the path of progress in the
recent past. The review work of Byron and Joachain (1977} and
the unitarised eikonal Born series calculations of BYron et al
(1982) are also relevant in the context of electron-atom

écattéring studies.

Apart from the various methods mentioned sbove which
are originating from the two basic approximations ~ Born and
Glauber - there is an important formalism in the scattering
problems and that is the partial wave analysis (Schiff-1968).
The optical model calculstions which involve the evaluation
of a model (opticall) potential and further evaluation of the
scattering amplitudé is still another method follewed in the

collision physicse

Hence, we have seen that so many theoretical methods
have come up to describe the electron-atom scatiering. Some
of the high energy methods are used in the present worke SO
it will be useful to elaborate upon those popular and prominent
methods such that it will serve the purpose of ready reference

for the later chapters of the thesis.
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2.2 High Energy Methods 3

The different theories of collision physics, now in
practice, are mainly quantum mechanical and thus originate
from the well known Schroedinger equation. The different
‘collision theories are, in general, different aspproximate
ways to solve the differential 8chroedinger equation or its

integral counterpart ~ the Lippmann Schwinger equatione.

The non=-relativistic, time~independent Schroedinger
equation for the system of incident electron plus target

atom is

(H~-E) § (g, x) = O (2.1)

where H is the Hamiltonian of the system, B is the total
energy of the system and ¥ (z, x) is the wavefunction which
contains the co-ordinates of the incident electron () and
of the target (x). There are certain basic assumptions or
formulations like Born - Cppenheimer approximation, fixed
nuclel formulation etce which help us to tackle the
Schroedinger equation with relative ease. Various approxi-
mations originate from (2.1). For e.g., in close~-coupling
formulation, one seeks a solution of the equation (2.1),

as an expansion of § in terms of the eigen functions of the
target states. The high energy methods arise from the

integral equivalent of the S8Schroedinger equation.

¥For the scattering of an electron by a structureless
target gemerating a potential V (z), equation (2.1) can be

rewritten as
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(v 241, ¥ G = U@ ¥ & (2.2)

wherevi is the K.E operator, ki is the incident momentum

vector and U (r) = 2 V (g) is the reduced potential. The

solution of (2.2) denoted by [ + (r) satisfies the boundary
% i

condition

(1 ik, r f
A i ko) «f e 2 s (2.3)

¥ @

~

where £ (6, ) is the scattering amplitude. The differential

cross section can now be written as

a6 ke 5
— = = / £ (e, g)/ (2.4)
daw i

The total cross section 6t0t is related to the scattering

4x .

amplitude as 6 0° = p— Im £(0 = 0) (2.5)
i

where Im £ (@ = 0) means the imaginary part of £ for

0 = 0,

Coming back to (2.2), the general solution is written

as (Joachain, 197&)

P, & = B &) - S 6t (g x) U (x)
(r) d' (2.6)
Vki L/ ar

where ﬂk- is the normalized plane wave given as
i

By (r) = (27) 32 g L kiz (2.7)
i
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Similarly with gf as the scattered electron momentum,

g () = 7)™ ¥2 o Hheex (2.80
£ ;
The Green's function or the free-particle propagator is
given by ‘

1 exp (iki/g-_z_.:/)

-+ t
G, (z. ;) = - = . é/ - (2.9)

(2;6) is the Lippmann -~ Schwinger eguation. The general
expréssion of the scattering amplitude is
2 +
£ (8, B) = -4% < g /Y (r)> (2.10)
kf ki =

~

Now let us see how various high energy methods stem out from

the above fundamentglse

2.3 The first Born approximation (FBA) 3

The zeroeth approximation to the solution of the
Lippmann~Schwinger equation is to replace Vki+ () simply
by ﬁk_(g). Hence, the scattering amptitude (2.10) becomes
(in tgé first Born approximation).

£, = -4 x2 <¢kf N/ ,@ki> {(2.11)

~
The next iteration gives the second Born approximation and
this procedure generates the Born series as a perturbative
eXpansion in powers of U (r)e The series converges to a

limit if the potential is weak enough.

\



Thé analysis of the first Born amplitude is simple

giving

[}

S

¥ ;e la-x v () av (2.12)
51

i

Where a /ki-kf/ is the momentum tramsfer. It can be
seen‘that‘for ceﬁ;ral potentials, the scattering amplitude

is indepenéent of .the azimuthal angle @. fB is nothing but
the Fourier transform of V (r)e The firstlBorn approxima~-
tion is essentially a high énergy method. For low energies,

the potential should be very weake

For considering a target with internal structure,
the wave function of the target should be introduced through
/ ki 1> = ;Aki (r) ¥y 1 (x) (2.13)
Whers ¥, (x) is the eigen function of the target in its
initial stégé i. Hence, the first Born amplitude for the
scattering of electrons by a target leading to its transition

i > f Dbecomes

1 +ig.£
JcBl = - zﬂfe Vg v (2.14)
with

Vey = SE/V (r, x) /1> (2.15)

~

The main attraction of the first Born approximation is its
simplicitj; it does not take into account the distortion
of the incident/scattered plane waves as they approach/

recede from the target. The effects like absorption (removal



of electrons from elastic to inelastic channels) and
polarisation being recognised to be prominent in electron -
atom colliéions and since these are not accounted for by
the first Born approximation,'there is avclear need to go

- beyond the first Borm calculations. The modified Born
approximation being one such attempt to improve upon the

FBA, lat us take it up next.

2e4 The Modified Born Approximation (MBA) 3

Junker (1975) has proposed this modification of the
Born model for the étudy of the inelastic scattering; which,
while retaining the simpiicity of the first Born approach
gives muach bettef agreement of the theoretical calculations
with the experimeqtal data. The modification of Junker
conglsts in taking the incident wave to be distorted instead
of the undistorted incident plane wave in the Bomm approxi-
mation. The distortion of the incident plane wave. which

is represented by a coulomb wave is produced by assuming

an effective nuclear charge S at the nucleus.

Let H be the Hamiltonian for the incident electron

plus target atom system. Following Junker (1975)

}-—4 = L L'"-.‘. I 3
H = Hy+V=H, +W Ho + U + W (2.16)

wWhere HO is the unperturbed Hamiltonian, V is the interaction

potentiale V = U + W, where for the hydrogen\atom

-5 16 1
U = and W =- + o
2 2 /E =2/
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with 6 as the screening parameter and r, and r. the

2 1
incident and target electron co-ordinates. The method
for the evaluation of 6 for inelastic scattering was
prescribed by Junker (1975). Later on Gupta and Mathur
{1978) extended this method to the case of elastic
écattéring also.

The breaking of the Hamiltonian H into H, and W
containsg a certain amount of physical significance and
has the ad&antages that the eigen functions of Hz are known
exactly andlclosed - form expressions exist for the evalua-

tion of the integrals needed in the calculation of the

cross-sectionse.

u
Agsuning Xy to be the solution of the Schroedinger

equation

.= E, X,.
(HO+U) Xy i %y

The differential cross section for a collision in which the
target atom is excited from an initial state i to a final

state £ is given by

as ke 1 t o
Tn = R Z;..z./<;af/v/gi>/ (2.17)

In the modified Born approximation,

¥y

o x_jf (ry,r,) = F(r,) U _(x,) (2.18)

Where U (rl) is the atomic wave function in the initial

state and‘Fo(rz) is the scattered electron wavefunction
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given by
Fo(r23 = f?f:;ai> exp (1 kyez, + Egi)l F,(ia;. 1.1 kT,
- i }__gi._;_z) (2.19) |
Where
& = Tx,

The above expression used by Junker takes into account
the distortion of the incident wave. Later on Gupta and
Mathur (1978) included the effects of exchange and polarisa-
tion within the framework of the MBA. Introducing exchange,

we write the total wavefunction as

+ + +
[Fl = .a{i (rllrg) o Xi (rzprl)

The polarisation effect is included through the
polarigsed orbital method of Temkin and Lamkin (1961). Hence,

the wave function becomes
* o e ) )
Vi = Fo(rz} E Uo(rl + Upol(rlor2 )

)
+ Fo(rl) (rl,rzp g (2020>

»

o2 pol

Ky an ot

U r.) + U

Where Upol is the—polarisation terme Substitution of ?ii
in equation (2.17) will give the DCS. For example, in the

case of elastic & = H scattering,

a6 1 + 2 ) - 2
T —p LB/ % T /) (2.21)



—
Where TE = l(i— iai) exp Qwai /g) (ID + I+ IE)
I, =1 g,%0, (rl) /v /Uy (rl)>u (2.22)
with g, = dr, e 1 gz, 1Fy (iéi, 1, i kyr, =~ 4 gi.gz)
Ip= 1 g, < Uo(rl) / Vv / Yol (rl.rz) > (2.23)
I, = fdrzexﬂg(ki.gl—gf.gzi]lFl(iai,l. ikyry=ik, .r;)
< Uo(rl> /N /Uy (r2) > o (2.24)

~

The above method was used to study the elastic
electron Hydrogen scattering by Gupta and Mathur (1978), and
the results were very encouraginge. Later on they extended
the method to study the scattering from Helium (Gupta and
Mathur 1979). Recently Kaushik et al (1982) studied the
scattering of electrons from C, O and Ne within the framework
of the MBA approximation. They have reported that the
results obtained are not at all satisfactory. In the
present thesis, thé MBA is applied to two different scattering
phenomena = the 25 - 25 elastic scattering (in Hydrogen atom)
and the alkali scattering with respect to Li target. 2an
assessment Oof the suitability regarding the application of

MBA in the above scattering processes is made.

Let us now switch over to the higher order

calculationse.
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2e5 The Second Born Approximation 3

Recalling the erigin of the Born series as a
perturbative expansion in the powers of the interaction

potential, we write it as

o8
F = & £ of which the n = 1 term is the
B n=l Bn

first Bom amplitude. In the nth Born amplitude, the
potential appears n times and the Green's function (n-1)
timesg. In particular, the direct second Born term is

written as
l 2 2 ]
= w———— H . <
£, = 1 ar epligr) I <€/ Vi, %) / n¥ar

(2 ~)

~-3(8k e * }'{‘./E‘E’/
S

] |
5 <n /V (r X )/i>
k“=k -1 € -

o *EieE (2.25)
Here /n> denotes the intermediate state of the target and
kn is the intermediate momentum of the projectile electron.
k is the variable coming from the Green's function and the

; + : .
appearance of <4 implies € ——> 07 The vector k, is
related to the internal ehergy Wﬁ of the target in its nth

state through

1 .
K. + W = -z-k + W (2.26)

Where W, is the ground state energy of the target. After

some mathematical rearrangements, we get
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<}.Sf'f /V/ ]_S;nﬁ <}‘_§_on/ v / kifi>

2
§f ax I~ .2, 2 NI .
2 | n K-k +2(Wﬁ“wo) - i€

£ = 8z (2.27)

B

Where /ki'i> = 1initial asymptotic state of the system., etc.

~

The above amplitude represents the fact that the
projectile with an incident momentum hki interacts with the
target potential via an intermediate or virtual state from
which it scatters with final momentum hkf leaving the target;

in the final state f. The many times employed approximation

to simplify the above expression is

W, - W, W (2.28)

This tums out to be a good approximation above, say 50 eV
incident energy (Walters and Ermolaev, 1980). The simplified

second Born approximation obtained using (2.28) is

1
£ = f dx -
B2 D k2K 2aoi-it
<t/ <k /V/ k> <k /v/ ky >)/1> (2.29)

Here the closure relation has been used for the target
states. The simplified second Born term (2.29) has been

evaluated using the Dalitz integrals (Joachain 1975).

Various modes of the second Born amplitude can be
obtained from the work of Byron and Joachain (1973, 1977),
Ghosh {1977), Tayal et al (1979), Yates (1979) and Kingston

and Walters (1980). Special mention should be made about the
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Distorted Wave Second Born Approximation of Kingston and
Walters (1980) and the high energy higher order Born
approximétion*of Yates (1979) which will be elaborated upon
in a later section. Quite génerally, it can be stated that
the second Bom term is complex in nature, containing real
and imaginary parts. Further, the imaginary term corres-—
ponds to the absorption effects and the real part, to the
polarisation effects of scattering. These effects being
more significant atfsmall angles, the second Born approxis
mation will take care of these effects neglected in the
‘first Born approximation and will improve upon the first Born
results tremendously at small angles of scatterings. DMore
about the Borm approximation will be discusgsed in the sections

to follow when the context arisese

With so mach discussions on the Born approximation,

we now take up the Glauber theorye.

246 Glauber Approximation 32

The Glauber thegry which stems from the eikonal
approximation i1s one basic formilation in the scattering
problemse This is also a high energy approximation wherein
the de Broglie waveleggth of the incident particle is assumed
10 be short compared to the distance over which the potential
varies appreciably. Thus kia >>1 where ‘'a' is the range of

the potential. Under this condition, the Lippmann Schwinger



equation can be linearized and this procedure leads to the
eikonal scattering wave function.

l =z '

) = R e (4 gper - 3 £, (0r2) az) (2.30)

This shows that the incident particle suffers a potential;
dependent phase chénge. Thus, the eikonal scattering -
amplitude is (Joachain 1975)

K,
i 2 :
£, =57 4 exp (ig.b) exp [i x (ki,b)~1} (2.31)

Where b is the impact parameters

The many=body generalization of the above treatment
was done by Glauber (1959). For the direct collision of an
electron with a targét coﬁtaining fixed scatterer, the
Glauber scattering amplitude is

k.
i 2 L o .
£, =571 a0 exp (i g.p) £/ expli Xj) ~1/i>(2.32)

- s

Where g is assumed tO be two dimensional and 622 is an

element of area in the (X, ¥Y) plane.

The Glauber phase

X - XG' (}2' 'b-l' L2 . . * QN) (2.33)

Where r = b + 2 , and the target co-ordinates

The Glauber multiple scattering series can be developed by

the expansion of el¥ in (2.32) and its connection with the

Born terms can be established (Byron and Joachain, 1977).
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Because of the exponential phase function, the Glauber
amplitude takesg into account all orders of perturbation.
One major assumption taken in the evaluation of the Glauber

amplitude is
ger = =.b (2.34)

which is valid for small angle scattering only. The above
assumption makes the evaluation of the Glauber amplitude
easier and also ensures that the first Glauber term is

identical with the first Born terme

The evaluation of the Glauber amplitude depends on

the expression of the Glauber phase

1l o

XK= ;—/ azv (r,x) (2.35)
i”ﬁé

where =x stands for target co=ordinates. Except for H and
He, the Glauber phase hasgs a complicated expression so that
the evaluation of (2.32) becomes very difficult. Thomas

and Gerjuoy (1971) have obtained the closed form expressions
for the Glauber aﬁplitude for the collision of éharged
particles with hﬁdrOgen atom. Because of the difficulty
involved in the evaluation of the Glauber amplitude (2.32),
the termwise analysis (Glauber eikonal series method)
proposed by Yates (1974) becomes very significant. In this
method, the Glauber ampiitude is written in the form of a

series
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S
f5 = p21 1 fan (2.36)

More about the GES method will be discussed in a later section
aevoted for it. An important point gbout the second Glauber
term should however be mentioned that for elastic scattering
it diverges as lnq, as q —> ¢. This can be attributed to
the suppression of the off=-shell contributions in the
evaluation of the Green's function. In the Second Born term
also, this behaviour is found if the average exéitation
energy is replaced by zero (Moiseiwitch and Williams 1959,
Yates 1973). FPurther, the second Glauber term lacks a

real part which represents the polarization effects in the
target. It is found that at almost all angles, the Glauber
cross sections undeﬁ;timate the experimental data. The
importante of the Glauber theory lies in the fact that it
contains all orderé of a perturbation expansion and hence
satisfies the unitarity relation in its own frameworks. ©f
the improvements suggested to modify the Glauber amplitude,
mention mist be made of the Wallace correction (1973)e. The
modified Glauber theory is anotﬁer attempt of improvemente.
More about the Glauber approximation is given by Joachain
(1975), Byron et al (1977), Gau and Macek (1974, 1975)
Dewangan (1978, 1980), Roy and 8il (1978), Unnikrishnan and
Prasad (1982), Franco (1982), Byron et al (1982), Gien (1976,

1977) Rosendorff (1981} etc.
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Now we will go back to the Glauber Eikonal Series

method of Yates (1974) as mentioned in the earlier section.

207 Glauber elkonal Series (GES) Method 3

The Glauber/Eikonal approximation has been successful
in accurately predicting differential and integral cross
sections describing the colligions of charged particles,with
low 2 atoms. Its lack of application to complicated systems
can be attributed to the re:pidly increasing computational
complexity involved in evaluating the Glauber amplitude
expression. The GES, proposed by Yates (1974), is an
analytical procedure capable of providing quantitative

estimates Of the Glauber cross section.

Glauber's multiparticle amplitude formula is given

as
ik,
i , ‘
fiﬁ{f(q'ki) = ;;;— fap, exp (i gob ) <Wf/l-exp(lx)/wi > (2.37)

A

"Thomas and Gerjuoy have evaluated this amplitude in
the case of charged particles colliding with H atome. Franco
(1971) has reduced the general amplitude expression to a
one - dimensional integral representation involving sums and
products of hypergeometric functions, by assuming a particular
functional form for the atomic wave function. AaAn alternative
reduction, also resulting in a one~dimensional integral
representation but involving modified Lommel function, has

been given by Thomas and Chan (1973). But both the above
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procedures still require a good deal of computational

analysis before arriving at the final results.

Yates has proposed a third alternative to the
evaluation of the Glauber amplitude. His approach involves
expanding -the amplitude in reci?rocal powers‘of ki for
fixed g = / g / and attempting a term wise analysis. It
is anticipated that for the energy range of applicability
of the Glauber approximation, this Glauber Eikonal series
will be rapidly convergent. Other works relevant to the
development of this theory include that of Byron and

Joachain (1973) and Yates (1973).

Expansion of the phase function elx in equation
(2.37) gives

o n=1 (n)

- oy
SRRV R TIE N SRS (2.38)
where n) x, ,
L .lg‘b
£, = [ G e ='=g n
i=—>f = 27%n! =0 <Wf/X /94> (2.39)

Hence for fixed g, the differential cross section through

order (l/kiz) is

ke ( (1) 2 (2) .2 (1) (3)

GZ;-;f K, g (£ o sed +0g ¢ 4 =2 £5__5¢ o>t

v

)
+0 ¢ Ti*") ) ee.(2.40)
3 ) .

which suggests that for large ki' only few terms in
. equation (2.38) are required to obtain good estimates Of

the Glauber cross sections. The Glauber phase function is
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1 7e=z., ]
lT /I.‘O-'J.’.'l ‘

w N
i~s

N
X (by- - - by) = az [ = -

i o
By using a transformation similar to that used by Tenney and

Yates (1972), the X is transformed to obtain a convenient

form for fiﬁif « For this, _J_‘_ and 1 are replaced
e Ty /ro=ry/

by their 3 -~ Dimensional Fourier integral representations.

N I o0 S | i P'. N
N - - - L Z_ ¥ dp? -ip'.x {l—e - —3}
X (g byl = 2 i=1 T2 dz, e 7= "o
. o 2xky7T
- 8-12._0 B (p,by—by) (2.41)
nky  p2
N

wWhere P' = P + szio

Substitution of (2.41) in (2.39) and further simplification

gives
jrm=>L T n % rk, 2 2 2
- Pl Pn_l /q”p/
< LI ) - g .
[ff/B(Pl) B (Pn__l) B (g -P)/ [ (2.42)
. . el .
Here B (Pi) = B(Pi:blOco.bN); g = io1 'E')'i-
For chosen co-ordinate system,
£ (1) = first Born =spproximation
(2) ? ;= /B (P) Blg-p)/
£, = < Ve /B Big~-p §¥.% and so on.
st > .
1> f Ky Pz/q-—p/Z\ £ o ' i
Hence fi—(f-if becomes much simpler due to the uncoupling

of b, and bi's as a result of the transformation given by(2.41).
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Yates has demonstrated the feasibility and simplicity
of the above GES method by the application to electron =
hydrogen scatteringe. All the terms of the scattering amplitude
upto n = 3 are derived analytically. It is seen that all
infinite integrals cancel exactly with each other. He has
compared the DCS values obtained from (2.40) with the exact
Glauber result as evaluated by Thomas and Gérjuoy. It is
shown that if the inequality ki>>l is only marginally
satisfied, the first'three terms of the GES are sufficient
to give a very good representation of the Glauber cross

section for all values of .

Later on Singh and Tripathi (1980) used the GES method
to analyze the scattering of electrons by He atom. They
have made a detailed assessment of the suitasbility of the GES
method in comparison with the conventional Glauber calculaw
" tions. It should be mentioned here that the GES expressions
can be used in analyzing the higher order correction within
the frame work of EBS and modified Glauber method of Byron
and Joachain, thus avoiding the numerical evaluation
adoptedby thems. Eventhough the GES method represents the
Glauber scattering amplitude satisfactorily, it is not
free from the ghortcomings associated with the Glauber
method = l.e. logarithmic divergence in forward direction
(for elastic scattering) and low cross section valuese As

mentioned earlier, many efforts were so far made to improve
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upon the Glauber approximation, one such prominent effort
being the Wallace correction (Wallace 1973). We are not
discussing this here in detail because the details will
appear in a later chapter of the thesise. We will now take
up another approach towards the modification of the Glauber
framework l.e. the two potential eikonal approximation of

Ishihara and Chen (1975).

-

2.8 Two Potential Eikonal Approximation (TPE) 3

The Glauber approximation is known to be in appreciable
error at all angles when applied to the elastic electron-atom
scattering at medium and lower energies. Ishihara and Chen
(1975) have shown that this discrepancy is not due to the
frozeﬁ-target approximation, but mainly due to the inadequate
semiclassical treatment of close-encounter collisions in the
Glauber approximation. They have proposed a simple method -
the TPE approximation to correct this inadequacy by separating
out a central - force potential for which the semiclassical
approximation is no longer valid at these energies, and
treating it gquantum mechanically. The basic formuila is
derived for potential scattering and is generslized to the

case of a composite target in a straight forward manner.

Consider the scattering by a central field V{r) which
may be singular at r = G« An arbitrary potential Vi is s0
chosen that VO =V = Vl satisfies the semiclassical

conditions; VO being a slowly varying function and
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. &< 1 for all values of r, E being the energy of the
system. In the two potential form of Rodberg and Thaler

(1967}, the scattering amplitude can be written as

F (9) = ki z F21+1) T, B, .(CO._, 9? . (2.43)
with ; % 5

i %lo)d (o) 2i N(o) i§(1) (1)
?Lz e L . sin g,, + e L e g#. Sin gb (2.44)

(o) é é(l) % g(l)
4a = -
an L L - where X,and L are the phase
shifts for the potentials V and Vl, f8Cis the scattering angle.
With our choice of Vl' S,éc>may be evaluated by the Jeffreys
Wenzer - Kramers - Brillouin (JWKB) approximation to the

first order in Vb'

Since most of the effect of vy is included in-the
second term of equation (2.44), the contribution of the first
term to equation (2.43) is concentrated in the forward

direction and may'be evaluated by using the asymptotic formula

(Cos ©) =2 g ( (24 +1) sin 2 )

L o 2
W w ; .
and Léowf)dl.
Thusg
k, o0 ixlb) . e

f(G)zz-—J(;bdb(e ,-ﬁJ(zkbsm-)

. ’ ix(p,) S(l) D)
. k;f: F (24+1) 2, (Cos 9) e Lt 6 b,

where we have intgroduced the impact parameter by

(o)
bL_. (L + -~)/k andx(b/c = &,S

Genera1121ng the above formula to the case of electron atom



sCattering in the frozen target approximation,

N & =
. interaction V (r, % ) depends on the target elec%{fhpm } ;2*:;

co-ordinates alsoe e
Hence X (bli) = XO(bli )‘f'AX (b:i)o (2-45)
Where
1 0
Ax (b,2 )= 2 (z=0) J ; Z )
X (b, —— V 2=0 L o —— dz.
kg .0 (227 rZ)L/Z,

Now the transition amplitude from the target state /i> to

the state /§> may be given as

F.. () = -i 1a% e g ( T?EB -1) + R (20+1)
k

£ 27i y | b
ig(L) (1) a
(Cos ©) e & sin O 1 @ | ) (2.46)
A . 2R £i %
Where ¢ is the momentum transfer and
[;; (_b_) = < f / e lX(blE) / i> (2.47)

~

The two -~ potential scattering amplitude given by (2.46)
does not add mach practical difficulties to the usual
Glauber approximation calculations. If we choose *'d', the
range of Vl small enough, we need take only a few terms in

the second term of (2.46).

Ishihara and.Chen (1975) have studied the e - H
scattering in the TPE appfoximé'tion and have shown that
this method provides an effective way to treat the close-

encounter collisions properly. Later on Tayal et al (1980)



- used the TPE gpproximation to study the elastic scattering
of electrong from He and Li targets. Even though their
results are much better than their Glasuber counterparts.
the improvement obtained is much less than that which ig
Observed in the case of e = H elastic scattering. They
have reached the concluéion that it is perhaps a reflection
of the limitations of this method rather than the choice of

the target wavefunctione.

Having discussed the various aspects of the Born and
Glauber/Eikonal approximations, let us now turm to another
major development in the f£ield of scattering theory = the
Eikonal Born Series method which, as the name suggests, is

a blend of the two approximationse

269 Eikonal Bomn Series (EBS) Method 3

Byron- and:Joachain (1973, 1974) proposed a new

02

approach = the Eikonal Born Series methed - to the analysis

. of electron/positron - atom collisons at intermediate and
high energies. This method combines the Born and Glauber

Serlies to get a consistent picture of the scattering

amplitude through o ¢ 5
k' -
i

The Born series for the direct scattering amplitude is

....2 — - - -
£y = o fa, = Ty * Im fBz + RefBz + fB3 + (2.48)

The Glauber approximétion to the scattering amplitude is
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_ 3 - - - -
fg = 2 fo, = fgy * Im £, + fGB + {(2.49)

With the choice of the z - axis perpendicular to g .»

£ = £

Gl Bl

The EBS amplitude is written as

£ = £

gy * Im £, + Re f}32 + F (2.50)

G3

Here the third Born term is approximated as the third
Glauber term sincé the direct evaluation of fB3 is extremely
difficult and in the light of the relation between the
different terms of the Born and Glaﬁber Series {(for e.g.both
fB3 and ﬁGB are zero for elastic scattering in the forward
direction (Dewangan 1980). Knowing different terms of the
ebove scattering amplitude., the DCS can be obtained as

a6

— = /£ 7 (2.52)
a0

A comparison of the amplitudes (2.48), (2.49) and
(2.50) instantaneocusly reveals that the replacement of the
second Glauber term Im f£5, LY the second Born terms (Im fo,
and Re fB2> will result in the EBS amplitude (2.50). Hence
one imaginéry term is replaced by another imaginary term
and a new real part has been included. The Glauber imaginary
term is divergent in the forward direction whereas the

corresponding Born term is free from this defect because of

the average excitation energy parameter. Further, the new
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real part in the second Born term i.e. Re fB will take care

2
of the polarisation effect which is neglected in the Glauber
amplitude (2.49). These are the two main achievements
attained through the construction of the EBS amplitude (2.50)
from the Born and Glauber amplitudes. The application of the
EBS method to Scattering problems makes it explicit that the

EBS amplitude is superior to the usual Born or Glauber

amplitudese.

The EBS has already been applied successfully in the
analysis of the elastic scattering of electrons and positrons
by atomic hydrogen and helium (Byron & Joachain 1973a, b, 1974
a, b). Later on detailed anal?sis of the above problem was
carried out by the same authors (Byron & Joachain 1977). In
the recent past the EBS has been used to study the scattering
of electrons from excited 2S5 state of H atom (Joachain et al 1977)
and the Li atom (Byron and Joachain 1977). Within the basic
frame work of the EBS method itself, various alternatives
are pogsible depending on the various modes of evaluation of
the different terms appearing in the series. One such
alternative approach is the recently proposed High Energy
Higher Order Born approximation of Yates (1979) which was

extensively explored by our groupe

2.10 The High Energy Higher Order Borm Approximation (HHOB):

This method, which 1is aimed at suggesting yet another

description of high energy collisions, is motivated by two
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factorse The first is prompted by the work and success oOf
Byron and Joachain in their Eikonal Born Series approach

to medium to high energy electron atom collisionsg and
constitutes an extension of earlier work of Yates (1974).
The primary purpose 0f the HHOB analysis was to develop an
alternative high energy eipansion of differential scatteriné

cross section in terms of reciprocal powers of ki through

0 ( 12 ) which is computationally tractable yet derived from
.k
i

analogougly treated second and third Born terms. A 8econd
consideration has been the suggestion of anomalous behaviour
of the small angle high energy differential cross section

in electron atom collisionse

In the HHOB analysis the well=known generalized Born
Series description of the collision process 1s transformed
into a more convenlent form. Thereafter, the approximate
formilae are developed through a partial expansion of the
free particle Green's function. We will take up the important

second Bom term.

(2) 1 .
e - T ige.x '
£ jrg = A D Ia £ € 0 an(ro) d AL,
G (. ')V , (g ~g') e ~Hi-Eg (2.52)
n =o ni =0 =o i ¢
Where
Vﬁm(_:_‘o) = <y (r--- ~ T/ v (z . Iye = = = )/
Vi (Tl'" - TN»‘ ak' ik'elz -z *)
( g 1 ; ol g~ o =0 < +
and G_\g ~x = > >0
m O o" 3 kl2 _ k2 - i€

(ZW) ™m
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Now the second Born term is partially expanded parallel to
the method of Glauber which is most akin to the high energy
small angle potential scattering analysis of Schiff. The
basic approximations are introduced in the integrals

T
" 6 (e )V (pert ) e O
I=fd_1;o G, lz, ni ‘o E e

n iETE, (2.53)

Here, the variable transformation

S = k' - L9 is made. If it is assumed that Vi is slowly
varying over the distance of a wavelength of the scattering
electron and that Jq(l does not differ much from ki in either

magnitude or direction, then the integrated expansion of

(s2+ 2S.kn-i-€)-l in powers of S% should be rapidly covergent.
Hence, after performing the S integration in cylindrical
polar co=ordinates by choosing }_gn as the polar axis.,

ilk.-k Jert
- -1

i Zn'*E o
= f ' . - ’
In zkn oz o € o an(go £o )

i

2 -2

] ' ' 1] ] 0O

[ @) Blzg ') + 50— <, (o ') = 8 (gy) + 06 "D)]
- o]

Where H(z) is the Heaviside function. Again integrating

the second term of the above equation by parts twice and

simplifying further,

. 0O iB | =z! iZ
~ i - in"o L O
= AT ' ' ‘q‘ '
I 7k, e dzo e H(z o) [1+ 2k, T o;
- _
v, WL o’ /Qo = 0 (2.54)

) 3
w— — ov—— — E
where Bi = ki kn Bi AE/ki where AE is the average
energy transferred to intermediate atomic states during the

course of the collisione.
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In simplifying the present approximations, it is

useful to express the interaction potential in Fourier

form as
-i B -iP z

. - -r-0 zZ Q

v (Eol - = EN) = dp e _v{osz e
e A "
Where
i P.b. iP =

- A o ="=j z d .

3
No g 42 (PZ+P§) j=1

Now substituting (2.54) and (2.55) in (2.52), we get

(2) i gpfap [ ap [ af
£ HEA = 27\'ki \d'E —ot dpz d‘:‘ -0 d?z
- A - [} A
<Y,/ V (B+PX ——=x5g) T (P +p*zz.,-__£N)/rgl>
. _ , ‘
¥
il{g=P=Ple b, oo -i(p_+P' ) 2
fap, e . - {odzo e )
2 542 - .
Bt 4. p} -i(P'=B.) 2
2 d 2 ¢ z i "o '
§=1+ T 5 i—-{o az! e ; Hiz' ) (2.56)
3 (2) A A
) 1 d (2.p 2
- ifdP (liz— == (P°4B,°)) U (g=-P =B.% ,P +B, X)
kK 2k; dB; i £ i i
25 2
A PLP 1
1 20 + o 4
- I apf ap_ (14 ) B
(2) AL
u (d .p-P %, B+ P 1 )] (2.57)
£i z 20 .

Where "6‘5 stands for the prinqipal value of integral and
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{2) A A “ . — A
t ] — —
v (B+P_ % (B4 %)= <Y / T (B 4P % ,---g)

~

v c,é +P'Z£ S A It (2.58)

Application to e - H elastic Scattering 3

The real analysis of any theoretical formalation
should be with respect to the application to practical
problemg. Now we evaluate the second term in HHOB approxima—
tion for the e - H scattering. For this process, the inter-

action potential is

1 1
Vv = - o ———
© 25
1 e T1
The groundstate wave function for H atom is ? o ——
: e
The evaluation of expression (2.58) gives
(2) A A ’
: d
v, (4-p-P%,P+P Z) = L (- %)
f£i b zZ : 7‘4 (/E “,E_)/z'i'Pi) (P2+P§) d
a? +2A 1 L ) (2.59)

Kz(q2+h2) /E;B /2+PZZ+A2 P2+P2+x2

Here MA=2 and is obtained from the product of the initial and

13
final wave functions written as

- Ar
* 1 4a e i
Ve ¥i= 5 (- ) 5 =2

Now substitution of (2.59) in (2.57) and further simplifications
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using the method of partial fractions will give the real and

(2)

imaginary parts of £ for the e-H elastic scattering.

HEA
Thus T I [2 1,(8%,A%)= -2 1 (82,0)] (2.6D)
. = s 8 - ’ .
m o mEa | AK;  Gh 32 A R A |
and
(2) 4 a § 1 o°
2 42 2
Re £_ . = — [2 1 (B%,A%)- I (8.,0);}
Geh a2k, 9% U 2 21T 25T T2

4 i d [ 1 13<Bi,o) +

2 2
| . T, (83 -1, (8, A flz.61)
2ky dBi +q " ’

1l
AZ

The integrals 11,12,13 are defined and evaluated in the

1

ky

imaginary part is taken since we are interested in the DCS
1

=3 l.
i

imaginary part, squation (2.60) reduces to exact agreement

appendix. It should be noted that only the O( ) term of

o ( If we take k; is large and q —> 0 in the

with the large ki limit of the'imaginary part of the SSB

approximation as given by Byron and Joachain (1973) and

behaves as lnki
- * for g approaching zero. Further, if
i

B, is set equal to zero in (2.60), the corresponding term
in the GES is obtained and diverges as lng as g goes to zero.
Similar analysis can be made with the real part also, for the

0 Cq%—) term. Differences between the SSB and HHOB methods
i

beéhw to manifest themselves in their predictions of terms

proportional to Eéﬁ— . However, for decreasing ¢, similarities

i
between the two descriptions should be enhanced. More comparisons
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can be made in respect of the cross-sections. To evaluate
the DCS, we should have the first and third terms of the HHOB

approximation alsoe. The fi€S§ Born term is simple and
1

. . 1 ig.r
R .
straight forward giving f Ea S dv e < vf/v_ /Wi>
where V. _ is the interaction potential e (2.62)

Turning to the third Born term, the treatment parallels that
of the second Born term except that only the first term of

I is required. Further analysis gives

T
(3) (37, .(3) (3) (3)
£ o = fl + f2 o f3 -+ f44
HEA
where the first two terms are real and 0 ( -3 ) and the
X,
i
last two are imaginary and 0 ( —ig « For the present purpose
kT
only the real part of £ (3) is'needed which is given as
HEA
(3) (
3) (3)
Re £ = £ + £
HEA 1 2 ..(2.63)

(3)°

2 » they are
found to be algebraically very tedious. Further, if Bi is

(3) (3)
o (Bi=0)=fl (Bi=05

which is the third GES term, which has been evaluated in

Coming to the evaluation of fl(3) and £

set equal to zero, it is found that £

closed form (Yates, 1974). Hence, in the present study we
take the third GES term as an approximate of third Born term.

How the direct 8cattering amplitude can be written as

(1) (2) (2) (3)
L gea = % gea T I fgua * Re Ly + Iggg (2.64)

Knowing the scattering amplitudes, the DES can be calculated
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as—

as __ _
g0 /£ ypa /

2

Having obtained the expressions for the various terms

of the scattering amplitude in HHOB, it will be interesting

to have an analysis ©f the characteristics of the various

termse.

(1)

(2)

{3)

(4)

{5)

(6)

We note the following important pointss:

Unlike the case of the Second Born term fBz of EBS,

here the momentum transfer g is twb = dimensionale

The assumptions of HHOB {especially in the evaluation
of the integral In(z.ss) make the theory valid for

only small angles of scétteringo

The final integrals (im second and third Born terms)
over the variable P are two~dimensional, making the

evaluation comparatively easier.

Unlike the second and third Glauber terms where the
individual integrals are singular, in HHOB, all the

integrals are absolutely convergente

If we put the average excitation energy parameter

B = 0 in HHOB, we get the corresponding terms in GES.

Because of the B parameter, the imaginary part of the
second HHOB term does not diverge for forward elastic

scatterings



(7)

(8).

(9)

{10)

o
oo

At g = 0, the imaginary part of the present second
Born amplitude agrees with the imaginary part of the
simplified second Born result of Byron and Joachain
(1973). Hence, the TCS obtained from both the

épproximations will be identicala

Similarly in the HHOB as well as in the EBS of Byron
and Joachain (1973) the real parts of second Born

amplitude are identical at q= 0.

—— 3 -
A L] -

=

HEA ks 2k 2k, 2

This shows that the series expansion of the Green's
function in (2.53) is rapidly\convergent in the forward
directions

In the above case, the contribution of ki-z order term
(RezJ is quite small compared to that of ki~ term
(Relj. But at large angles, as can be seen from the
later tables, Re2 contribution ig very high which makes
the DCS values also highe It should be again étressed

that HBHOB is a small angle approximations.

For q = 0 and B = 0, Re, = (3/2)k,%, which is exactly
the real part of the second_term of the Wallace
anmplitude at g = 0 obtained recently by Byron et al
(1982) « This correlation is made use of in the later

part of my worke.
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(11) Making use of the relations (Dewangan 1980)

fG(2n+l) = 0 at q = 0; n=1%x,2 - =« -~ and fB (2I1+l)=®
=Ol L :l - s o ~J
at g n 22 ¢+ One can see that fG3 s fB3

at very small angles. Thus, our replacement of the
difficult third Born term with the computationally
"feasible third glauber term i1s justified for small

angles of scattering.

2.11 Regults and Discussion $

Calculations have been made for the DCS for the
e = H elastic scattering for energies 100 eV to 600 eV
using the scattering amplitude {2.64) given above. In fig.
(2.1) and (2.2) the results at 100 eV and 200 eV are
displayed éloné with the data of other workers for comparison.
It can be found that at € < 50°, the present results are
very good and they overestimate for large angles of scattering.
It should be remembered that the HHOB analysis has been
concerned with the elucidation of the character of the second
and third Borm terms for short wave length collisions and
for small momentum transfers. Specifically, the integral
In has been expanded using small angle approximationg. In
order to understand more about the behaviour of the HHOB

scattering amplitude, we study the individual terms as given

in tables (2.1) and (2.2). It can be seen that the real s

1 -
k; 2
spurious values at large angles which, when coupled with

of 0 (

) has a peculiar behaviour. This term gives



the first Born term to form part of the scattering cross
section, results in high values of cross section. It should

be noted that Yates (1979) has commented that a detailed
1
analysis of - terms in second Born term should include a
ki
discussion of the pertinent third Born terms. It should also

be remembered that in the third Born term (2.63), apart from
1

X 3!
which contributes to the real part of the third Born term%

the Glauber-like term f§3> there is a second term of 0 (

In the present analysis where the third Born term is approxie

(3)
mated- as £ GES’ it is totally ignored. The relation which f§3>

bears with Re féé; 0(—=) has to be and remains to be explored

2
k.
and studied in detail.® Perhaps this may give a clue regarding
the presently observed overestimating DCS values at large
angles. The DCS values at different energies are tabulated in

table (2-3) .

7

Eventhough the EBS results (Byron and Joachain 1977)
are arrived at through a similar procedure as the HHOB, the
EBS results are found to be much better than the HHOB results
at large angles of scattering. This is because, a more
accurate second Born amplitude is obtained by treating
exéctly the first term of the sum over states in equation
(2.27) and employing-closure to the rest Sf theme This
procedure exactly treats the static potential of the atom
and hence improves the large angle scatteringe. The UEBS

results are also much superior tc the present results since

+the UEBS takes into account all orders of perturbation.
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Siﬁilar is the modified Glauber approach. Here, the
Glauber term is replaced by the second Born term to remove
the divergence of the Glauber amplitude and to account for
the absorption and polarization effects through fBZ' The
UEBS appfoadh goes a step further to take into account the
Wallace correction to the Glauber amplitude. Hence, the

UEBS result should give very satisfactory results.

In the ordinary EBS methods to remove the drawbacks
of the second Glauber term, there has been an arbitrary
diggression from the basic framework of the Glauber theory
and use has been made of an altogether different apparatus
i.es that of the Born theory, which has been criticised by
Rosendorff (1980). But in the HHOB method, the new Born
term has been evaluated using Glauber methods, but retaining
average excitation energy parameter. Hence, the basic
procedure stands valid in the HHOB method. Only the basic
assumptions in HHOB make it good.for small angles of

scattering:s thus the overestimation at large anglese.

From the foregoing discussion, it is clear that the
HHOB approximation is reasonably good at small angles oOf
scattering as is evident from the results displayed earliers
However, there is much scope for improvement which is

attempted in a later part of the present studye.

It will be interestiﬁg to formulate the HHOB

approximation with respect to the static potentials of the
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target atom. The static potential Vst(r) contains only

the incident electron co-ordinate and the absence of the
target electron co-ordinates Tqe r2 etce. reduces the compli-
cationg in the formulation. In the following section, the
HHOB formulation for the static potentials of target atoms
is given. This type of analysis is employed in the laﬁer

chapters of this thesis.

2.12 HHOB approximation for the static potentials of

the target atoms 3

Consider the static potential Vst(r). In the present
study, the static potential given by Bomham and Strand
{1963) is chosen because it is of the form

-\, T

{ e (2.65)

:::E" .
Vst(r) : 3

r
which is simple in view of analytical purposes and the
same formuilation can be extemded to different atoms with

changes only in wg'and kj‘

Now the scattering amplitude in the HHOB approxima=
tion is given by (2.64). We have to evaluate the various

terms using the sﬁatic‘potential of the form (2.65).

The evaluation of the first Born term is simple and

straightforward, which gives.

Y,
fBl = 22 "—5"‘1‘"5—— (2.66)
'3. g -+ AL
J
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Imaginary part of the second Born term is given by (2.57)«

3
£ Ime A5 5 gp yl?)
ki - £i.

Here, we are interested in the 0 ) term of the

k.
. i .
imaginary part only because we are considering the DCS

).

through 0 ( 12
ky

For the case of static potentials,
(2)

v Fi-

- £ = C oA
= Vl( Py Pz‘ﬁ.) v, {/ a=p /-PZZ)

For the potential {2.65)

(2) ' ) AR
V- © 14 i e =~ I IR, (2.67)
i1 axt T3 (D4R 4A%) (/g=B/%4Po4NY)
Z 1 2 j
3 - P
so that £ Im = éﬁﬁm I ap ?l v
i 2

Inzfabm%ﬂ%+%Y
(B%+A2) (b +28)

[ae]

(2.68)

1 A
TAIINe Y

T OFky

g S}

where

H

2 2 2 2.2 - 2,02 2
@) = (g ‘Ai +Kj )+ 4g”(B +7~i )
b - ‘qu‘hiz+%32
2,242 2., 2 2%
and ¥ = [(B%A]) + (B4R, )b + S,I.
Now, the 0 ( E;_ ) real part of the second Born term

i

hoged -

2 )
4 N 1
£ Rel‘ = - ki ﬁ fap —-{a dpz -13;:? Vl Vz

where Vl Vz is given by (2.67) and P stands for the principak

value of the integrale.
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Hence f Re, = = 5% F v 1 (2.69)
L =L E ¥ ¥
7’7ki i i 7 st
Where ISt = Sap —{o 1
g "B (P24p24 AZ) (/q~p/2+p +>\§>

the derivation of which is given im the appendlx.

Now the 0 ( 12 ) real part of the second Born term

ki
fR-—-——-—g-"’ftha!aP?dP( +B%) —t T T
€27 .2 = le Tz z d,B P B, 12
1
- -ty U Pra T a4
2 7 ki? i3 17 e PzTaB
2. 52,52 22
(p +PZ+?\1~7\i)
- 2, 52,22 2 2,22
(PZ B) (/P +Po+ 'i) (/q-p / + P+ 5 )
1 a Iap J‘ 5
- ety % (B ﬁ‘ﬁ'ﬁ/q-p/ X
27\-2}{12 13 01 JdB z P ot
w aP
2P rap T z 1 §
i . VR RN
(p_ Bg (P24P24AT) (/g-p /+Plr j)
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where 13 (847\?) is the same as the I3 integral appearing in

(2.61) ana ISt'is defined aboves

Now the scattering amplitude for the static potential

is given as
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— T 2
£ = £B+ £ Im+ £ Pel + £ Re, (2.71)

In order to have a check of the above formilation,
the TCS values for the e~H elastic scattering is evaluated.

For this purpose, the famous optical theorem is used. Hence,

TC8 = X £ Im (q:O)
,i i
- if Aoz s Yy ! ar
i Aky i3 13 (%42 %A, %) (P2+P§+k?)
e 1 1 B2 +A? £
_ 4N 3 % — n ///x A
i \\ 4
) ‘
sy =N\ .
32+A§ //;i . (2.72)

Uging the above formula, the total cross section for e~H
collision was calculated. Por this, the static potential
for hydrogen atom given by Cox and Bonham (1967) as follows

was made use 0f:

A r
Vogp = 421 %
Where 71 = 0.0524 Ay = 1.9986
Y% = 5.0360 AZ = 18954
¥, = =4.0876 A, = 2.1161

It should be remembered that the cross sections s0 obtained
using the static potentials will be the total elastic cross
sections only. The results are displayed in table (2.4). It

can be seen that with the increase in incident energy, the
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agreement of the present results with the compared data

becomes closere

In order to have a rough estimate of the differential
cross sections using the static potentialss, the DCS values
are calculated using the scattering amplitude (2.71), ana

the static potential given by Bonham and Strand (1963). In

1
ki
second Born approximation were used because this calculation

the present calculation, only the 0 ¢( ) terms of the

was done in a casual way as a rough approximates The results
Obtained for the incident energy of 100 eV are displayed in
fige2e3e It can be seen that in the large angle region., the
results are quite reasonable whereas in the low angle region
the present values are very lowe. This 1s precisely the
expected behaviour because the static potentials are supposed
to hold good only in the large angle region due to the
absence of the absorption and polarisation effects which are

all-important in the small angle region.

From the above analysis the following conclusions can

be made.

(1) that the formulation of the HHOB approximation using
static potentials is a success in view of the above

mentioned resultss

(2) that the validity of the stastic potentials used here

at the intermediate energy region is indirectly checked.
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The above formulation using the static potentials

will be used in a later chapter of the thesis.

In the foregoing sections of this chapter various
theoretical formilations were discussed. After a brief
scan through the recent developments, some of the popular
approximations were taken up in detail, with more attentioﬁ
to the recently proposed HHOB method which was discussed with
respect to the e~H elastic scatterings This method was
formilated using the static potemtials of the target atoms
and applications were made in the case of e-H elasgtic scatter—
inge With a clear understanding of the shortcomings of this
method attempts were made to improve upon it, which will be
discussed in a following chapter. In the next chapter, =a
modification of the GES method discussed in this chapter is

studieds
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Table 2.3 —~ DCS for the e -~ H elastic scattering in the
HHOB approximation (without exchange).
8/,_, 100 &v 200 &V 400 ev 600 &V
&
5 4,09615 2.00516 1.14114 0.91077
10 2.21504 1.04366 0.60546 0.44541
20 0.83061 0.37904 ~ 0.17104 0.09803
30 0.,38125 0.15783 0.05661 0.02863
40 0.20364 0.,07553 0.02401 0.01149
50 0.12241 0.04213 0.01244 0.00580
60 0,08158 0.02644 0.00747 0.00343
Taple 2.4 = Total cross sectionsg for e = H elastic scattering
using the statie potential of Hydrogen atom
within the framework of tne HHOB zpproximation.
DRI Present a b e a
results UEES MGES. 9] DWsBA
100 10,20 7.19 7056 7.68 7.40
200 5.10 4.27 4437 4.38 4.34
300 3.40 3.10 3.14 3.14 3.11
400 2.55 2.45 2448 2.48 246
500 2.04 - 2«06 - -
600 14790 - 177 - -
700 1046 - 155 - -
{a) Byron et al {1982}
(b) Chapter III of the present work
{c) Byron and Joachain (1981)
(a) Kingston and Walters (1980}
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