CHAPTER - 1
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The passage of electromagnetic radiation (X-rays‘and
gamma rays) through matter is characterized by the exponegtiél
law of attenuation. The processes resulting in attenuation are -
a) elastic scattering

b) Comptcn scattering
c) photoelectrlc effect

d) palr production for photon energies above 1 Mev

In the elastic scattering process the direction .of the imcideat
photon is altered with:no change in energy. four differeht-
types of elastic scattering processes contribute to the total
elastic scattering of gamma rays., They are the nuclear resonance
scattering (N), belbruck scattering (D), nuclear Thomsoa
'scattering (T) and Rayleigh scattering (R). The four processes
occur coherentiy with each other. This meané that if the atomic
elastic scattering is described in terms of a differential
scattering crossASectien
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then the elastic-scattering amplitude A must be obtained as

a combination




Of the elastic scattering processes, Rayleigh scattering is by
far the mbst important and donihates other elastic proceéses

in the photom energy range of few keVs to tems of.kevs; It

takes -place--from the atomic bound electroms provided that the. .
electrons do not receive sufficient energy to eject them from
"the atom, The essential feature of Rayleigh scaftering!is that
the internal energy of the atom remaias unaltered in the interac-
tion. The momentum and polarization of the atom may be modified
during the process. The creoss sectlon of the process is given

by the square of the modulus of the scattering amplitude AR :

;

2o _ AR. ‘
AR

While using the amplitude to calculate the differential cross
section, the photon polarization is taken into account. For
linearly pblarized photons, these arplitudes are expressed as
compcnents (Aﬁ ) parallel and (AEV ) perpendiculér to the plane
of scattering. The unpolarized cross section (in units of barms/
sr, 1b = 10-?4 cm®) results from summing over firal photon
polarizations and averaging over initial pﬁdton polarizations-

as @
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For scattering of\lew-eﬁergy photons, effects of electrom

binding are crucial. Itbis particularly of interest to carry out




invest}gations at photcn energies of the order of electron
binding energies. The region below phéton energies of about

100 keV had been of considerable theoretical uncertainty in

the past due to the proximity of:the photoelectric absorption
edges. In recent years considerable developments have taken
place in the field of elastic.scattéring.;f photons of atoms.
Very accurate ;esults have been obtained through the use of

fast computers in theoretical calculations. On the experimental
front, the availability of high fesolution solid state detectors
has made it possible to make more detailed studies of gamma -
sp;ctra than is possible with a éonventional.NaI Spectrometer,
All these have'ccntribuﬁed to significant reéuctién in uncertain-
ties. While generally satisfactery agreement has been aéhieved
with experimental studies of X-ray and gamma ray scattering
frgmuggqms_fepresenting an improvement upoma previous theoretical
.calculations, the understanding of theﬂdraﬁ;£ic.effects of thé' “
anomalous scattering region near atomic inner-shell edges is

far from ccmplete. In the regions within several hundfed
electron volts of the edges, precise cross section data are at

present dependent on experimental measurements.

The present thesis is based on the work dcne by the
author in thé field of photcm imteractions in matter and
pertains mainly to the coherent (elastiq) scattering of phetens
below iOO keV with partiéulér emphasis on the anomalous dispéf-.

sion effects cn the cress sections at energies near (both above




and below) K-absorptidn»edges_of target atoms.

In general, the effects of interaction of gamma rays

in matter are stucied in two ways:

1) attenuatlon experiments in whlch the number of

T'photons transmitted through absorbers of dlfferent

thlcknesses-1s,determ1ned; and

ii) photon-atom cpliision experiments in which the
enérg& of the transmitted radiatien is analysed,
éndlthéifréctional number of photcas scattered
‘coherently (or incoherently ) at a given angle

is measured.

The expérimentélAresults presented in the thesis were obtained
from threé separate experiments. They are -
l. A narrow beam attenuation experiment on the !'goed

geometry' arrangement using a Nal detector,

2. A small angie stattefing expe;iﬁent for the measurement
of cross sections of unresolved total (coherent +
incoﬁe;ent) scatteripg’in the Womentum trgnsfer range
0,012 = 0.036 mc using shadew cone type of geometry
and a NaI detéctor.

3. A latge angle scattéring experiment fot the measurement i
of elastic scattering cress séctién in the momentum
-transfertrange 0.0116 - b 231 mc using a plané-

scatterer transmission geometry and .a hlgh resolutlon

intrinsic germanium detector.




The investibation was carried out using in all cases
ganma ray photons of enefgy 43‘;ﬁd 59.5 keV emitted by the.

radioactive 241

Am scurce. The aim was to try an evaluation df'

the rigoroﬁs validityuof,néw calculations as well as the con-

ventional form factor theorieé in the light of experimental
data obtained by the author tqgéther with the other accurate

low photcn energy neasurements performed in recent years.

.The topical organization of the thesis is as described

in the following.

In Chapter 2, we begin with a brief outline of the basic
theoretical framewcrk for the treatment of pﬁoton-atom interac-
tion. A sunmary[éfrthgwdeyélbpments-in the theory of the atomic
elastic photén scaﬁterind from bdﬁnd electrons (Rayleigh
scattering) is gfven. Threé'qther elastic'scétteriné*processes
occur coherently Qith'Rajléigh;scattering. These processes are
not treated as they make very sméll contribution to.#hé fota;
elastic'scatteriﬂg in thé range of photon energies involved‘

(< 100 keV)., The development in the calculation of Rayleigh
'séatteriﬁg anplitudes from the‘non-reiativistic domain of |
monentum tramsfer in £he'Thomas - Fermi model of the atom to
the relativistid,Dirac-slatér.and Hartree - Fock hodels by uSing
various  -form-facter approaches and the numerical Sematrix
velemént'pérturbative approach is discussed. An intercomparisonr

of theories is made by presenting theoretical cross sections




for the elastic scattering of 241Am ganma rays by various
“targets. These cross sectlons have ‘been computed u31ng non-
'relatlvwstlc form factor (NREF), relativistic form factor (RFF),
fano m001fied relativistic form factor (MRFF) values ‘readily
obtainable from the available tabulatlonsl-3. Numerical S-matrix'
resﬁlts were obtained from the tables bf cross sections compiled _

by Kane et 314.

The need ‘and usefulﬁess of the dispersion corrections

- to the ﬁagleigh scattering amplitudes at photon,energiés near
absorption edges of target atoms is discussed in Chapter 3. The‘
method of using the dispersion integral (Kramers-Kfonig relation)
- to..get forward scattering .correction ;grms}ﬁ?on thq.photoelec;ric_'
cross section data‘is briefly outlined.‘Also preseﬁted are the
results of ocur Rayleigh scattering calculations at different
angles of_targét'atoms ranging im atomic numker from Z = 42 to

Z = 73 at the photon energy.of 59,54 kev using anomalous»scatter_
ing factcrs f' and £" calculated recently by Creagh and MCAuleys.
A compariéon with‘thé'ﬁumericalr S-matrix predictions of Kissel -

Pratt and Roy (KPR) is attempted.

In Chapter 4 we describe.fhe experimental arrangenent
and the mefhdd)for'mgasuriné'thé £o£al photon-atom ihteractioﬁ
cross sections and the whole atom differential elastic scatter-
Jlng Cross sectlons at Small and large angles. The results obtained
from the measu;ements are presented together with the errors

estirated and cérrections employed.,
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Finally, in chapter 5, the results of thg present set
of measurements in conjunction with the results of othér récént
measurements are compared with~tﬁe various theoretical calcula-
tions of Rayleigh scattering sojas to ré&eal the trend of
behaviour .of the predicticns of the theory. We also summarise‘
the main aspects of the results which we have found most impcocrtant

. when- preparing- the thesis.. .
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