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PREFACE

Interaction of gamma rays with matter has drawn wide ranglng

artention in the tields of science and technology. Compton (incoherent)

Scattering is one of the fundamental modes of interaction betrween gafirma

radiation and matter. This is significant especially in the energy region 200

kev to 2000 kev. The data on incoherent scattering cross section are very

important in industrial radiography, radiation attenuation. reactor shielding,

transport, weapon effects and in various other fields'

Thc incoherent scattering is that scattering of gamma rays in which the

energy of the scattered photon is less ttran that of the incident photon' It is

dcscribcd as a second order process involving initial, intermediate and final

states of an elecfion. Since the final state of an electron may be any one in

thc continuum. thc precise calculation of the incoherent scattering cross

Sections is very tedious. [n recent years, however there have been renewed

efforts to evaluate the incoherent scattering cross Sections of elements'

Different non-relativistic calculation of compton scattering cross

sections for bound electrons have been performed using various atomic

models to estimate the incoherent scattering cross Sections' These

calculations include a correction factor for Klein-Nishina formula for the free

elecffon. This correction factor is expressed in terms of what is called an

incoherent scattering function S(q,z) which expresses the probability that

ionised state when an incident photon transfers momentum to any one of the

atomic electrons.



Most of the theoretical investigations have been centered around the

calculation of S(q,z) by assuming different models for atomic charge

distribution. Among them the Thomas-Fermi model [veigele, 1973] and the

Hartree-Fock model lHubbell et al, 1979] have been widely used. Hubbell et

al (1975) have calculated the differential and integral incoherent scattering

cross sections of elements in the atomic range Z = | to 100 in the energy

region 100 eV to 100 meV using self consistent field Harree-Fock bound

electron wave functions. Recent review of Kane (1992) covers both the

theoretical and the experimental developments in the study of bound electron

incoherent scattering cross sections in the photon energy range from 2 keV to

I fileV. The main focus is on both non-resonant inelastic scattering by

strongly bound elecfrons.

Recently, Bergstrom et aI (1993) have reported theoretical work on

incoherent scattering that goes beyond the incoherent scattering function

approximation. In this work, compton scattering from bound elecnons is

studied within external field quantum electrodynamics and the independent

particle approximation but without making use of any additional

approximations, such aS impulse or incoherent scattering factor

approximations. The calculation done by them is of the doubly differential

cross sections for scattering of unpolarized and polarized photons from bound

atomic eiectrons as a function of scattered photon energy and angle, based on

a numerical evaiuation of the second order S-matrix in self-consistent

screened atomic potentials. The authors also discuss the cross section singly

differential in scattered photon angle, emphasizing the contribution of terms

neglected when making the incoherent scattering factor approximation as well

as implication for total cross sections and for attenuation coefficients.
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Experimentally, most of the investigations are oriented towards the

calculation of S(q,z). The experiments carried out so far can be classified into

two classes. (i) measurements on differential incoherent scattering cross

sections (2) measurements on integral incoherent scattering cross sections'

Determination of the whole- atom integral incoherent scattering has

been done by trvo methods the subtraction method and *re linear extrapolation

method.

In thc subtraction method, the integral incoherent scattering cross

sccrions of clcments are obtained by subtracting the theoretical contributions

of othcr competing processes such as photoeffect, coherent scattering and the

pair production from the measured total attenuation cross sections' This

mgrhod is justified in the photon energy region where the contributions from

ittf icr competing processcs to the attenuation cross section is relatively small

and coultl be Ueate d as corrections. Also the accuracy of this method depends

sclously on thc accuracy of thc subtracted theoretical contributions'

In the extrapolation method, the total attenuation cross sections of

elcments iue derived from their respective chemical compounds' The derived

cross Sections of various elements are potted against the atomic number at

each energy. These plots are found to be linear in the \ow Z region' Making

use of this linear portion a stlaight line is fitted and this line is extrapolated

torvards the high Z region. The whole-atom integral incoherent cross section

of high Z elements are thus obtained from this extrapolation' This method

aithough is not dependent on theory, however depends on how accurately the

low Z total attenuation cross sections are determined'
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Thus, in the light of above, we have developed a new simple

experimental method from which one can directly obtain the integral

incoherent scattering cross sections of elements or the simple chemical

compounds of those elements. For the purpose, a well type NaI(Tl) crystal

detector was chosen. The samples were kept inside ttre well of the detector.

The total attenuation cross sections were calculated using the transmitted

spectra with and witJrout ttre samples in the path of the photon beam. The

plots were

samples.

made to extract the incoherent scattering cross sections of the

In the case of chemical compounds the whole *atom integral

incoherent scattering cross sections of their elements can be obtained by using

the mixture rule.

The content of the thesis is divided

description of each chapier is given below.

into five chapters. The brief

The chapter I contains a survey of both theoretical and experimentd

work. At the end of this chapter the motivation to take up the present

experimental work is presented.

Chapter tr deals with a brief discussion on photon interactions with

matter and the theoretical resume on incoherent scattering cross section.

In chapter Itr a detailed account of the present experimental set up is

given. This includes the description of the detector along with the associated

elecffonics. Details regarding the sources and the samples used in the present

investigation are also given.
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Chapter IV includes a detailed description of the method of estimating

the whole atom integral incoherent Scattering cross sections.

Chapter V deals with the results and discussion of the whole atom

integral incoherent scattering cross sections. The possible conclusions drawn

are also included.


