FRETACE.

The interaction of photous with mottor hea long been an imporitent
pubject of investigotion. This situation is duwe 1o continuing developuonts
in theory and experimahm technique of peasurenents. New theovetical dee
veloments on several photon interaciion processes have been ﬁw@@aﬁma
among others by Hubbell (Hu 69, 73). The theorotical treatment of inpoe
herent seattering of photons by atomic eleetrons {(bound) i’ar which an
exact calocvlation, asconiing o owr informaticn is not available, has
much been improved through refined caleuiadion of inccherent scattering
function for compleic exchange. Caloulation of coheramt Rayleigh ecaite=
ring of photons by aetoms has been inmproved Mugh development of whole
aton form factor calculations, considoring relativistic effects. Cn e
experigental side, the wse of the nowly developed experimentel technidue

has leed to comparatively fow experiments particulerly on the inechorent

. seattering of photons by heavy atoms; although there are geveral early

experiments using low 2 elements like Carbon & Aluminiwm (otonic ebet-
rons asoumed fx;ze) to vorify the Kilein-llishing formula for the Compton
efiecte The situation in tho cese of coherent (elastlc) senttering of
phictons of energyl > 1}@9\?, An hhigh 2 eloments 1o not yot clear. Some
diserepmxy betwéen the expesited and the measurcd differential exuss
gections of 1.33 MeV photons at lerger scatterihg angles hos been
obgerved (DL70, Ha70, 71) and has vemnined unexpleined.

The aim of the preseund set of meaémr&ente hag been primarily o
investigate the &ncoherxent seattering of photons by low, intermediate

and high 2 atoms. Such measurcments are Jjudged o be useful in view of
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the present inndequacy in the experimental information and nsw th-omtu;l
developments. (Experinental verification of the theoretics) prediotion ise
as inportant as the theoretical developments) The present investigation
has besn carried out using photons of energy near 1 MeV (beocause of their
availability from BARC, India) by wmeasuring the incoherent scattering fun-
ction, the absclute differential croes cection separately ani the total
ecattering oroes section. In course of these ueasurements, some data on
the angulsr dletribution of the coherently scattered photons have also
been obtained and included in this theais which is written in three

chaplters.

Chapter 18 A summary of developmente in the theories of scattering

of photons is given in this chapter. The development in the calculation
of incoherent scattering funttion on the basis of Tomas-Permi (TF),
Hartree () and Hartree~Pook(HP) smodels has been briefly desoribed and
the results are compared. Hecent ca_lculation using SCF-HF wave functions
extending over the relativistic rangs of momentus tranefer has much been
enphasized becauss of its better socuracys Development in the caleulation
of atomic form factors from ron-relativietic domain of momentwa transfer
in the TP model to e relativistic Dirac-Slater (DS) modi)‘:;fa: °§:;n briefly
discusced. The exact caleulation of Rayleigh ecattering smplitudes from
the individwal electron shells of atons at varying anergy are not avaie
lable as yet, omcept for only one set of data for X-shell of mercury at
& few specified energles. For measuremcnt with an arbitrary scatterer
ator at a specified enorgy, oxact shellwise Reylelgh scattering empli~
tudes, accurate real Delbrick amplitudes and the relative phases snong
thess axplitudes are required to predict the theoretical angulae d{géwle

bution of scattering due to coherent sum of nmelear Thomson,Rayleigh and
Delbrick amplitudes.
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Chapter 23 Earlier experiments on whole atom incoherent seattering
of photons have been sumnarigsed (Table 2.1)e Most of these were carried
out using single chamnel analyzer defection syatém by the awdliary
gowrce method for the following reason. In g differential eross seetion
measurexenty the absolute imi&ent f)eam ihteneity and the detector effi-
clency as o function of scattered photon energy must be known in addition
to scattered iutensity detected, the thickness of ﬁm scatterer and the
effective solid angle vetween the deteétor and the scatierer. Whon the
scéttering is elastic, the eounts from a weak source, placed in the
position of the seatierer, of‘ the same photon eneygy is coupared with
~the detected scattered counts to determine the absolute differential
seattering cross ssction. Thés procedure elimlnatee the individual nea-
eurement of ebsclute beam intensily and the detector effiéien:;y and
depends only oz;‘an gocurate knowledge of the gtrength of the primary
pource in terms of that of the weak source. In the case of incoherent
seattering, the scatiered photon energy at each angle is different and
the auxiliary source methdd gan be applied only 1f the efiiciency of
detection is made independent of photon energy. Some authors (s1 63,

Gh 65) have used a filter between the scatiever and the detector for
obtaining the desirable ¢ype of detector system. It appsars that in

the differential type of meaaurement' such a filter-detector assembly

is not suitable for the following diffseuliies. (i) It is required that
the detector, filier and the scatieror be widely separated so that the
soattered photon from the scat‘terer enters the detector normal fo i4s
surfaces This means a difficulty arising from poor staﬁiaﬁice in nea=

ttored counte taken for a remsonably long interval of time.
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(11) e 2ilter dlatoris the cxact spectral shape of the seatiered
rediation. {111) The Filter imposes & certain lower erergy 1imit bolow
which the résponse dwops.

Instead of wsing the auxiliary source mothody we have ccmpared the
scattered counts at each angle from a glven scatterer with those from a
pure aluminiwm scettercd of radius exnotly some a8 that of the scabisrore
- Binge the enexgy of incoherenily scatiered photons by free electrons in
gluninivg is expected to be equal to that of phovtcns seattered by loosely
bowd clectrons in a heavy atomy the efficiency of detection in the dwo
measurementé takon conseCudlvely at each angle is assued 10 be the samc.
If measurements are carried out umder the eane experimentél conditions
with tiso scatterers of some sive, the incident beem intez;si%y, the ofii=
clency mctér and the effective solid angle caneel out in the determi-
nation of the rcatio of differential cross section for a given atom %o
that for a free electron in alwminiume. This ratio gives the wvalwe of in=-
coherent scatiering funetion. |

The cylindrisal scatierers chogen vere as small in radiue es pracii-

cable to mininise the effecte of absorption and nultiple svattering. For
a sufficiently cmell scatterer thickmpes, the primary shsorption factor
iz vory small and the scatioreying centres (the point sources of sca=
ttered rediation) eanvbe assumed to be wilformly disirvibuted. The corve=-
etion for any absorption of the scatiered radiation in the scatterer
can be nmade using the celf- e;bsorpﬁion eorrections for omall gammasrey
eowxce. The typical procedure of obitaining the zesults from the equation
(245 ) uping the measurements of photopeak count yatio is illustrated in

tobles 2.6 and 2.7, The spectrax are taken with a multichanuel anslyser,



usi;zg 512 channels. The figures 2.8 = 2,40 and tables 2.6 and 2.7 show a
comparison of the spectral shapos and the . vegulte for slightly increasing
éqét%mx radiu;a. Thece repulis do mt'shuw any devigtion within the ox-
périmenml QYTOYRe ‘

At smaller scattering angles, tho measured count vate retios at
diffemﬁt seatterer radili could be extrapolated lincarly (ean.2.11) to
gero geatterer radius and the crosg section ratio could be detormined.
The emall angle extrapolated results agree within about 6% with those
given in the tables 2.8, 2,9 and 2,12

The valwpea of S determined in the angzular range 10° < 165° for a
mmber of elcments (Cu, Sny, W, Hg, B} ave shown in tables 2.8=2.12.

The, absolute differential seatterdng cross ceotion hag also bsen
measured by using the formula (29n.2.12) of Quivy (Cu 66) based on
abselute méasumment ot im.iden’i; bean intensity and scattered inteneitye.
This nethed requires the aeccourate valuss of the detector efficiency as
a function of energy of the scattersd photons. Since in the preeent
neasureneuts, the count in the photorsak pardt of the specivrun was taken,
the intrineic photopesk efficiency (produet of total intrinsic efficiency
ard the peak-to-total ratio) wae reguired. The totel intringfo efflcien-
cies for the experirental geometries were earlculated for the variouww som=
ttexed photon energies (table 2.4). The ratios of photopeak to total count
were obioined experimentally in a fow cases and also through interpolation
of the ocourate experimental data pﬁblﬁ.ehed recently (Mi 69).

Theoxetical imohexént seattering functlons and cross sections have
been evaluated from Cromer's SCP-IP caleulation data tabulated by Veigele

et al {V 72)s These thcoretical § date along with our experimental data



ave plotted in Tigme2:.44 = 2,48 for interpretation ss a funotion of
Sim 8fp

r ‘
variable. Tho absolute crees seetions ave plotted in £igs.Z2.50 = 2,52

o
A s althovgh this is not an exast momentun transfer

Loxr campariéon with the corvesponding thoorvetical valwesg.

The eariler measurchents covered only four clements for momentum

. sim /g o sin § o
transfer ranges as followad Al and Cu upto X =2 A" Fo upto _—;‘ /2: 35471
Si'h 6/ o_ '
and Fb upto Tz= 5047 o The experimental eyrors in these meesurenents

were large. The present ot of data for flve elements (Cqun,W,iég,:’:’b) éoverg:

stn Bf2 oy - .
s wide range upto ~ 89 A ¢ vepresents improvement in precieicn of

neasurenents and appears to interpret in a satisfastory way the incoherent
scattering process in lowy, initermediate and hdgh 2 atomse |

éhe magﬁuwé gpectra exhibit peaks in positions same as thoée duz 4o
useattered 1.115 MoV photous. In sbmé cases at angles in the range 30%=135°
theee elmstic peake were wall resolved from 'the incoherent paris. From méa—
smmenta with square cross section geatierers, whea.fa good specira have been
obtained,; the diffdveutial cmés seotions for 60hereut seattering have been
evaluated wsing the formula in equation R2.17. In absence of exzct theovew
tical caloulations of atomic Reyleigh amplitudes and Delbriek aumplituies

at 1115 eV, our experimental results ha.vé been discuseed with reference

40 & survey of corlier suwh data at the oame emerTaEye

Chapter 3¢ In an atteupt o verify the ingohexunt seattering of photons:
completely, the total scattering cvoss seetions have also been measured.
In the ensrgy region avound 1 MeV, the incoheront secattering process io
predominent ovey a widge range of 2 from % = 1 to about 2 = 60, The ¢co=

hevent ecatiering cross section beging to affect the total 8eattering

/
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oross section sbove ¥ = 60. The minoy contribubtionsy which ¢an be treated
ag coxreotions, irné pheﬁﬁabéarption and paly produztion proccsses ¢an b
obtained from the mewlyawek available theorstical computations. Such eccu~
rate theoretical results were not available to the cariier worksrs who
aualysed thely meaﬁured total cross mections.-ﬁha~pzeeent neasurencn s
of total atienuation of photons using the exporimental arranzenont
shown in Fig.3.7 appear to fapreaant fmprovenent in the pmaeisioh of
gome of the eaxrlier sunh‘méaﬂuxemanxs. Thé systenatic errors arising
from gmall angle incoherent and eoherent scatté?ingx within the seatiering
cone. of aporture | Q' . {usximum vaiw of 0 in 2ig.3.7)s Tae efscot bas
alnoet boen elfuinated by making measuroments ab very emall values of

8 A (20"- - 277 )‘o At this gesmat;g the ratlo of the nusber of soas
~ ttered-in and ﬁh&% of ﬁgan&mitteé pﬁgtoﬂa for both coherent and incohoe
rent smé%ering hés’{been evsiima'aeﬁ and ghown e an illustrative e;a:ampie
in the table 3.9 Fow measurcments even af suwh small angle of seatﬁe-
ring eono have beén nade at varying 20144 angles to desexmine wheihep
there was any contribution from suall angle scabttering.

In some of the earlier mosmuremento, thick attenuators have been
wedo. In-a thisk gbsorbey the multiple seattering ies expected to affeot
the measurenent of transmission ratinﬁ. In addition to usisg an extve=
nely nsrrow bean collimetion in the present work measurements for esch
elemont whre carvied out wwiting adequate pﬁecautﬁeu to ninimise the
effect of nultiple scatitering. Por emmuple, the direct spoctral shape
snd the gpectral chapems at varying absorber thickvess were doiermined
and e finel meusuroments were taken at aﬁ.ab@grberzr thicknses giving

the gane resolution as from the direct spectrum.
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The energy range was selected for the Pollowing reasénm Firnt,
arvount 1 HeV the iuecherent scadtering dosinetes over a wide fangge of
Sacond, at leagt six out of 34 elements measured hove no data in this
énergg ranges five clemants have ondy one G.N.Countor data=point each
at 1025 HeV(mean onergy of Co-60 1.173 and 1.352 MoV )yat at losst two
nave only ion-chamber dedd. Finally, the gemme=ray sources used were
the onse which wore availsble locally at & conpevatively 1ow coste !y:;
addition to these elemenis which have elther no ‘d_ata or only GWione
chazber duta in the energy range belng consldered, the present set of
measurerents inclule &ssgvneg'n elements for which mo data have been aval-
lable over the whols ermyxgy ronge fxom 100 eV to 10 MeV.

The statistical accuracy in the mea&@mm&zﬁs were in $hs range
Co® t0 0.3 percente Flnal srror in total cross section which in Some
coses 8o upto 4 percent represent the combination of the statistical
aud other errore taken inte comgideration. The m@mmgi total scatie=

ing erops sectlon data I%e been presented in tableg 3.11 and graphs

(3.8 = 3.22)s In the graphs (3.8 = 3412) our experimental danta only for

sene selected clements along with x;ew]y aviilable theoretical C.T088
sections have been pmaeénmd as a funetion of photon energyiar fow

- comparison and interpretaticn. Xoot of theee data dqmt overlap any
ecrlior measured data fox those clerente Hmxlhe

In the aeec«u& got of graphs, £1lege3.15 = 3,22 our noapured scaw

zo'

ttering eroos seetions and @8 corvosponding Cromer's theoretical erces

sections have been piutisd a8 a furnciion of atumic number 2 for five

photon cnargies « AL thess geophe talen together glve a ecmplets
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ccmpayrison of the plotted data and demonstrate clogeness of agreement

between the present data and R Cromer's valups.

The work described in this thesis wes plaﬁmd and started laie
in 1969, Although the resulte of initial measurements were published
in different Jownals, it tcok a }.ong tiése $0 complete the work owing
40 considerable deiay in colleeting the reguiaite apparaiug and matee
rials. The measurcnents that bave been performed show that the ingo-
herent scattering of photons in the ensrgy range of the preasnt work
is well interpreted in terms of SCF-HF model calculations of incoherent

geatiering function.





