IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1-1-1959
Shielding characteristics of a single crystal for
gamma-rays of selected energies

Donald S. Sasscer
Towa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
& Part of the Engineering Commons

Recommended Citation

Sasscer, Donald S., "Shielding characteristics of a single crystal for gamma-rays of selected energies" (1959). Retrospective Theses and
Dissertations. 18624.
https://lib.dr.iastate.edu/rtd /18624

This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital

Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F18624&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F18624&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F18624&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F18624&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F18624&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F18624&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/217?utm_source=lib.dr.iastate.edu%2Frtd%2F18624&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/18624?utm_source=lib.dr.iastate.edu%2Frtd%2F18624&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

SHIEIDING CHARACTRISII0S OF A SINOLS CRYSZAL POR
OAMMA-RAYS OF SEAECTEY SHBROLS

by
4 Thesls Subedtied iw the
Oraduate Faoulty in Pardiel Pulfilisent of
ihe Bequiresenis far the Degres of

MASTER OF 50IENCE

Signatures have been redacted for privacy



e
II.
IIl.

Iv.

Ve

vi.
Vii.
VIii.

X1

TABLE OF CONTENTS

INTRODUCTION
REVIEW OF LITERATURE
ABALYSIS
A+ Cholce of Target and Source Material
By Type of Scattering
Ce Experimental Klein-Nishina Cross Section
De BEragg heflection

MATEAIALS AND APPALATUS

Be Soa w Crystals

co nomemoraits Trwtat”sd M e cepes
DISCUSSION AND RESULTS

CORCLUSION

HECOMMENDATIONS

LIST OF HEPFERENCES

ACIKHOWLEDGMENT

APPENDIX

i

Y P BBRRRE & Fowe vt w =

8 EEEFES



I. INTRODUCTIOR

One problem confronting those working in the fleld of
reactor technology is tho design of mobile power reactors.
It i1s obvious from an investigation of the size of presente
day power reactors that mobility can only be achieved by re-
@ueoing the 2ize and welght of as many of the components of
the reactor as is possible.

The present stage of design of portable reactors may be
likened to the design of aireraft in the last days of, and
shortly after, the second world war. In order to produce an
appreciable increase in the speed of an aireraft it became
necessary to solve the problems of the so called “"sound
barrier”, Today, in order to make an appreciable advancement
in the design of a reactor that will be portable it Lecomes
negessary to find some method of reducing the welght of the
shielding, even if this iz achieved at a high cost.

In principle, the harmful radiations which might escape
from a reactor system include alpha and Leta particles, gamma
rays, neutrons of various energles, fission fragments, and
even protons resulting from (n,p) reactions. As far as
shielding design is concerned, however, only gamma rays and
neutrons need be considered since these are by far the most
penetrating. Any material which attenuates these radiations
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to a sufficient extent will automatically reduce all the
others to negligible proportions,

The purpose of this investigation is to detemmine
whether the monomorphic form of s crystaline metal, when
aligned with photonsg in such a way as to allow Bragg reflece
tion to ocowr, presents appreciably different attenuation
characteristics when exposed to gamma radiation than a poly-
morphic form of the metal. If the attenuation characteristics
of the monomorphic crystal are found to be appreciably
different from the normal polymorphic crystal, it might then
be possible to design a resctor shield that would be smaller
and of less weight than the normal shield,.



II. HEVIEW OF LITERATURE

A review of the literature was first conducted to detere
mine the feaniblility of causing reflection of gamma photons
by monomorphic crystaline metal, Little information direetly
relating to this subjeect could be found.

Bragg (1) gives a complete discussion of the reflection
of xe-rays by various targets but does not enter into a dise
cussion of the reflection of gamma rays. The most useful ine
formation concerning gamma ray reflection was found in an une
published M.S, thesis by Mergl (6), In this work a theo-
retical malysis of the reflection of x-rays is proposed and
data are presented which indicate that the reflection of
gamma rays exists and that the angle at which this reflection
ocours oan be approximated by the Bragg z-ray equation., It
was felt that the indication of reflection was sufficient to
merit an attempt to reproduce it and then to observe its
effect on the attenuation characteristics of gamma rays.

Discuesions on gamma ray attenmuation were given in
Kaplan (5) and Glasstone () and data concerning ganma ray
attenuation were presented in Davisson and Evans (3). The
data presented by Davisson and Evans made it possible to pree-
diet the attenuation characteristics of photons of various
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energles when they were scattered Ly any of the common

metals.



IIX. ANALYSIS

The basis of all measurements of the absorption of gamma
raye 1s the fact that the intensity of radiation decreases as
it passes through material in such a way that for a small
thickness at, the change in intensity a1 is proportional to
the thlckness and to the incident intensity I. That is:

I=wpl(at)
If the rediation is monoenergic, if the beam is collimated and
of small sngle, if the sbsorber is thin, and if p is cone
stant, then the integration of the above equation ylelds

e

This gives the intensity of radiation I after a beam of
initial intensity I, has traversed the thickness t of a
particular material (3, p. 79).

The energles of most of the photons that appear in cone
nection with a nuclear reactor are greater than O.1 Mev and
less than &6 Mev. Within this range there are three types of
gamma ray interactions with matter that must be taken into
consideration: (1) the Compton effect, (2) the photoelectric
effect, and (3) pair production. The three processes act
independently of each other so the absorption coefficlent is
separated into three parts which ave designated as § for the
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Compton effect, T for the photoelectric effect, and K for
palr production. Since the equation given for the decrease
in intensity of gamma radiation holds for each process

separately, the total intensity change is obtained by adding

the effect of each proceas. That is:
Al = el 44 4k) I(a8s)

In order to determine how gemma radiation attenuation
differs detween the monomorphic and the polymorphic states of
a given material at a partiocoular gamma energy, it is de~
girable to determine first the relative magnitudes of the
absorption coefficients for each of these indlividual types
of gamma ray interactions. However, before this can be done,
it is necessary to specify the irradiating gamma energy,
since the absorption coefficlents are a function of both the
target material and the gamma source energy.

A+ Cholce of Target and Source Material

It wee desirable that the material o be irradiated in
this study meet several criteria. (1) The material should be
readily avallable in both the monomorphiec and polymorphic
states, (2) 1t should, 4f possible, have the crystaline fom
of a close-packed hexagon shich will be of ald in producing
Bragg reflection, and (3) it should be sufficiently dense so0
that a small volume of the material, when used as a target,
will cause sufficlent attenuation of the gamma radiation to
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enable an acocurate measurement to be made of the scattered
photons with the equipment available. The material that beat
met these criteria was zine ( 30%65 Jo It was available in
both the monomorphic and the polymorphic states, has a close-
packed hexagonal structure, and a density of 7.133 gm per
cuble centimeter.

The desirable oriteria %o be met by the gamma radiation
source were (1) the source should emit moncenergic photons,
and (2) 1t should be avallable in sufficlent strength to
enable the measurement of the gamma radlation attenuated by a
small target when placed approximately 180 em from the source
and (3) it should have a long half-life. The source material
which best met the above criter was cobalt 60 ( 2.,0060.). The
primary gamma emissions of c°60 oocur at 1.3316 Mev and at
1,1715 Mev and the material has a half-life of 5.2 years (2).
The gamma radiation from 0060 is, therefore, not monoenergioc.
However, if an average energy of 1l.252 Mev is used and then
the source is treated as moncenergic, an appreciable error is
not introduced in the calculations.

Be Type of Seattering

Using %65 as the target material and 0060 as the gamma
source material it was found that at the gamma energy of
1.1715 Mev the absorption coefficients were:



J8 = 5ol (1072) S

-1 = 0,0847 (1072) S

mk = 0,00
At the gemma energy of 1l.3316 Mev they weres

, 2
.6 = 5,518 (10°%) SE_

“’f = 0.%32 ‘10%) %

qk - 0.00
and at the average gamma energy of 1l.252 Mev they were:

.4 = 5,694 (107) gé_—

W1 = 0,0490 (10°24) g&-

oK = 0,00
Each of the above ocaloulations shows the Compton effect cone
trimtes approximately 99% of the total absorption coeffi-
clent (3, pe 97)¢ For this reason no other type of absorpe-
tion was considered significent in this study and all
attenuation was attributed to the Compton effect.

The mumber of photons scattered in the reglon where the
Compton effect predominates are not scattered isotropically
mt rether follow the scattering probabllity predicted LY
Klein and Nishina., The Klein-Nishina probabilities t-j-}f-{-)
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in unite of -;Fazﬁ s Of a photon being scattered through an
angle ® into a unit solid angle d 1 are tabulated by

Davisgson and Bvans for different gamma energles (3, p. 82,
Table III)Q

Ce SHxperimental Klein-Hishina Cross Section

The Klein-Nishina oross seotion -g%—-— can be found by

the equation
- ‘d r
gn - !§°i ‘51 , !', p

in which @ is the flux at Sarget in units of % and is

found by the equation

g = {8)

hn r,

in which r, is the distance from the source to the target

and 3 is the source strength in units of %"ﬂm .

The term, e'° T 1a the dimensionless self-absorption
factor and takes into consideration the photons that are
initially scattered in the direction of the gounter and are
then absorbed or rescattered by the target material out of
the solid angle subtended by the counter. ¢ 4s the Compton
(assumed total absorption) coefficient, in units of gigotron ’
for the photons that are scattered in the direction of the
counter. A tabulation of ¢ as a function of o over the
range of ol oecourring in this atudy is given by Davisascn and
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Bvans (3, p. 82, Table II). The term o. s found by the
equation

- R

e
1+ oG(1 = cos @) mee

in which hv is the energy of the initial or unscattered
photons in Mev; O, = i‘;{ vhere ‘0‘2 is the rest energy of

an electron in Mev; and @ ia the scattering angle of the
photon. It is not necessary to take into consideration any
subsequent resocattering of the photons by the target back
into the counter as is shown below. AaAn estimation of the
subsequent rescattering or build up can be obtained from the
product of p T. The term ) 1s the total absorption coeffi-
clent for Zn at the energy of the scattered photons in units
of em™l, and is obtained from the equation

p=p !..iﬂtd

in vhich Z 1s the atomiec number, A is the atomic weight, N is
Avogadro's mumber, and » 1s the density in 5 « The term T
is the average thickness of the target through which the
seattered photon must travel to reach the counter in units of
em, and is approximated by the equation

. -
\LX \nn (0 +8 )}

cos
in which Ag 1s the horizontal oross sectional area of the
target, $ the angle between the center line of the target
and the incident gamma radiation, L the length of the target
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parallel to the incident radiation, and @ is the scattering
angle (Pigure 1, page 12). If the product of p T is less
than one, as 1t was in this study, then build up can be con-
sidered negligivle (4, pe 996).

The tem ’l’o is the thiocknesa of the target in the direc~
tion of the initial or unscattered photons, in units of
&Sﬁp , and 1s found by the equation

om
1o = p E4EL (8,)

in shich %, is the thickness of the target in the direction
of the initial photons in units of om.

The term 5! is the solid angle subtended by the counter
in units of steradians and is found by the equation

a-m‘w

e »
in shich r is the distance from the target to the counter.
The term B 1a the counting rate of the detector.

De Bragg Heflection

few data have been published concerning the reflection
of gamma photons, but many data are available concerning the
reflection of x-rays. This experiment was not conducted to
prove whether or not the equations that apply to the reflece
tion of x~rays give precise results when applied to gamma
rays. However, because of the ildentical characteristics of
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X-rays end gamma rays, and because of previously obtained
experimental data concerning the reflection of gamma rays
(6), it was assumed that the Bragg equation, which was
developed for the reflection of x-rays, gives an indication
of the angle at which the reflection of gamma rays occurs.
In this equation the angle of incidence 2 1s given as

ﬁ-mmﬁ‘-

in which n 1s an integer, first order reflection being when
n = 1, second order when n = 2, etes., A the wave length of
the incident photons and 4 is the dintance between the
reflecting planes (1).

Even though total reflection of z-rays has been observed
in some experiments, total reflection of the gamma rays in
this experiment was not expeoted due to several reasons. No
experimental indication has been found to lead one to expect
total reflection of gamma rays, because the photons were not
monooromatic, all of the crystal planes were not perfectly
parallel, and each orystal plane intersected the photons at a
slightly different angle. Using the preceding equation with
the average energy of the two gamma photons and the distance
between the crystal planes of szino (_h.%ouo"“)u) one
finds that 2 , twice the angle of reflection, is 1.15
degreos.

In determining the geometry to be used in the attempt to
produce Bragg refleotion several criteria were established.
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It was desirable that the angle of the cone of radiation be
small so that a large number of the photons would interseot
the planes of the monomorphic erystal at nearly the same
angle; ut at the same time it was desirable that the entire
volume of the target be irradiated, so that the greatest
mmber of photons could be scattered and thus improve the
reliability of the readings. Since anj.y a small percentage
of the photons were expected to be reflected, it was thought
necessary to place the counter outside of the cone of primary
radiation so that the only photons that it would detect above
background would be those scattered and reflected by the
erystal.

The geometry of Figure 5 gave a cone of rediation with a
half engle of 0,406 degrees, and enabled the entire volume of
the target to be irradiated. By placing the dotector 183 om
from the target and 3.8 om off center line, and by modifying
the circular oross section of the cone of radiation, the de~
tector was far enough away from the target so that it did not
receive any primary gamma radiation or secondary (n = 2)
Bragg reflection photons. The primary disadvantage of this
geometry was a small counting rate whioch necessitated long
counts in order to obtaln accurate results,
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IV. MATERIALS AND APPARATUS

A plan view of the goometry used in determining the
Klein-liishina cross section for the unaligned crystals is
shown in Plgure 2, and the arrangement of the apparatus used
in this study with some of the shielding removed is shown in
Plgures 3 and L. A plan view of the geometry used in deter-
mining the Xlein-Nishina cross section for the aligned
orystal s shown in Pigure S and the arrangement of the
apparatus used with some shilelding removed is shown in

FMgures 6, 7, and 8.

As Source and Source Container

The source used throughout this experiment was Co®0, an
isotope of cobalt, whose primary gemma emissions ccour at
143316 Mov and 1.,1715 Mev, and whose strength was 63 me at
the time of the experiment. The source materlial was en-
closed in an sluminum capsule surprounded by a oleayr piexiglas
or clear plastic eylinder, whose dimensions were about throe-
quarters of an inch in diameter and two inches in length.

The source container was a lead block with the dimene
sions of four inches by four inches by 5.5 inches. To
accommodate the source a 7/8 inch hole was drilled in the



Plgure 2, Flan view of apparatus used with
unaligned orystal
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Pigure 3.

Pigure L.

Exporimental arrangement of shielding, collima-
tore and target used with the unaligned crystals

Experimental arrangement of the source container,
collimators, shielding, target and detector used
with the unaligned msam: some of the
shielding has been romoved
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Figure 5. Plan view of apparatus used to obtain lragg
reflection and to determine the Klein-Nishna
croas section of the aligned erystal
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Figure 6. rimental arrangement of source container,
collimators, and target used to obtain Bragg
reflection and to determine the Klein-Hishina
oross section of the aligned crystal

Pigure 7. ZExperimental arrangement of the detector and
scaler used to obtain Bragg reflection
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Pigare 8. Monomorphic orystal target and w.-l alignment
spparstus used to obtaln Bragg reflection

Pigure 9, Monomerphic erystal target in the aligned position
m:‘ when determining the Xlein-Hishina erg:t :
section
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block to a depth of two and a half inches so that the center-
1ire of the hole was midway between the sides and parallel to
the base of the contalner at a distance of two inches above
the base. On the same centerline a 1/8 inch hole extended
through the remaining one and one~half inches of the container.
On the outaide of the lead block were placed lead bricks

which measured two inches by four inches by eight inches.

This arrangement reduced the dosage in the working area to
about C.1 or 0.2 mr per hour.

Bs Collimators

The three collimating blocks were made of lead and had
the dimensions of four invhes by four inches by three inches
with a 5/8 inch hole, four inches by four inches by three
inches with a 6/8 inch hole, and four inches by four inches
by four inches with a 7/8 hole. The holes were drilled
through the four inch by four inch sides and all holes were
on a center line midway between the sides and Swo inches
above the base. In order to obtain gamma ray reflection
extra lead bricks were placed in between the collimating
blooks so that the cone of radiation had an approximately
semiocireular instead of a circular oross section, and the
target was placed about 1 om to the left (facing toward the
source fyom the counter) of the center of the former oirou-
lar oross section.
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Cs Target

The targets were composed of Zn. A monomorphic orystal
of zine 1/2 om by 1/2 em approximately 15 om long was ob-
tained and split along its basal plane into sections about
L om long. Pour of these sectlions were then glued togethoy
to form a target approximately 2.5 em high, 0.5 om wide and
i om long. For the unaligned erystal study the target was
mounted on a small plastic oylinder which could be alipped
seourely on and off from a small bolt that was fixed to the
supporting surface. Figure 8 fllustrates the aligned
orystal target arrangement.

As 1t was desired to obtain a comparison between the
attenuation of a monomorphic ecrystal and a polymorphio
erystal, a polymorphic orystal of the same size and shape as
the monomorphic oryetal was cub {yom a block of polymorphic
sine and mounted in a manner identical to the monomorphic

erystal,

D. Rotating Platform

A rotating platform was made from a board six inches
wide and about three feet long. The platform was attached at
one end by means of an aluminum bearing through the wood to a
sorew which extended upward from the supporting platform.

The target was attached to this same sorew during the part of
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the experiment concerned with the unaligned crystal., The
platform was free to rotate through 200 degrees. By this
arrangement the detector, which was situated on the rotating
platform, remained the same distance from the source while it
wni rotated 100 degrees on either side of the collimated beam
of initial photons,

Le Detector

The deteotor used throughout the experiment m a Model
DS«1A Seintilation Detector, serial mumber 842, manufactured
by the Nuclear Chicago Corporation. The detector was supplled
with a removable directional shield which provided discrimina-
tion against activities more than 15 degrees off the axis of
the probe. This removable shield had an sperture of one
inch. In order to reduce background count the directional
shield was not removed and an additional directional shield
consisting of a lead bloek four inches by four inches by six
inches with a one inch hole, turough the fowr inch by four
inch face, was added. In order to reduce further the bLacke
ground count, two inches of shielding was added around the
sides and bottom of the detector in the form of lead bricks
and plates, and a 344 inch lead plate was placed on top of
the detector. The detector was operated at 1550 volts during
the unaligned crystal study and at 1600 volts during the
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aligned orystal study. The effective center of the detector
was determined to be 4 om behind the detector window.

Fe GSoaler

The scaler used in the study of the unaligned eryastal
wes a Model 200 Scaler manmufsctured by the Hadiation Instrue-
ment Development Laboratory. This sealer was used becsause
it contalined a discriminator which enabled an analysis to be
made of the energy of the photons scattered inte the detecs
tor as well as thelr number, The scaler, however, did not
perform as well as was expected. It appeared to be very
sensitive to temperature and humidity changes in the room and
even at constant temperature and humidity the count decreased
approximately proportionately to the length of time of
operation., This might possibly have been due to an increase
in temperature of the scaler. The excessive sensitivity of
this scaler was further indicated by the tendency to double
or triple trigger after the equipment had been in operation
several hours. 7The double and triple triggering was observed
by setting the scaler, after several hours of use, on "test"
where it should count the 60 oyecle line frequency. Instead
of reading 3600 cpm the scaler often gave a count of 7,200
opm and sometimes 10,800 cpm.

An additional difficulty with the scaler was found when
an extensive test was made to determine the operational
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platean of the equipment (Figure 12). With the discriminator
set at szero, readings were taten from 1300 to 2000 volta.

The count fyom the source of Gaw increased steadily as the
voltage increased, but the background count, which was due to
photons which had been scattered one or more times before
reaching the detegtor and were therefore at a lower energy,
remained constant. It was therefore concluded that the scaler
was discriminating against photons at energles appreciably
lower than that emitted by the 0060.

The combination of excesaive sensitivity and unwanted
diserimination in a scaler is unfortunate because if the
sensitivity 1s increased %o avoid diserimination double
triggering increases, and if the sensitivity is decreased to
avoid double triggering the umwanted discrimination ine
creases. The soaler was checked by the I.3.C. mtmm
shop several times and though some minor adjustments were
made the above mentioned difficulties were not appreciably
corrected.

In the study conducted with the aligned monomorphic
eryastal a Model 181 A scaler manufsctured by the Nuclear
Chicago Corporation was used. This soaler did not have a
disceriminator. However, it was used in preference to the
Re I. Dy Ls scalor becamuse 1t did not exhibit the unwanted

characteristics of the previous scalers.
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Ve PROCEDURE

In the first studies made the crystals were unaligned
and the geometry was as shown in Plgure 2. Headings were
talken throughout an arce of 200 degrees at 10 degree intere
vals. After several runs were mede it was observed that the
sount recorded by the scaler decreased with the length of
time of operation uhen the detector was exposed to a constant
source, It was further obgserved that the count varied with
changes in temperature and humidity.

4. OStandard Count

In order So compensate for the above variables a source
of low intensity Gowmabnmwmmﬂmaym
which could be placed in the aperture of the scintilation
tube. This arrengement placed a gonstant source at a cone-
stant distance from the detecbor.

The collimated source of gammas was blocked off and the
target removed so that the only photons detected by the
seintilabion tube would be those emitted by the constant low
energy source in the aperture, and the background photons. A
run was then made taking 5 minute readings of the constant

source and the background photons at each ten degree interval
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throughout the 200 degree are, and a plot was made of these
counts as a function of the position at which they were
taken, This plot was therealter used as a standard or
roforence count.

Be Scattering by Unaligned Crystals

The number of photons scattered at & given direction by
both the unaligned polymorphic and monomorphlc erystals were
obtained in the following manner. The detector was rotated
to a given position. A ocount was taken of the number of
photons scattered into the detector by the target, then a
count of the standard source was obtained by blooking off the
initial collimated photons and placing the standard source
plug in the detector aperture. Mollowing this, a bagikground
was talon and subtracted from both the count of the standard
source and the count of the photions scattered by the targeb.
Prom these data 1t was poasible to determine what correction
factor was necessary %o correct the count from the standard
source to the standard count. This same correction factor
was then applied to the count of the photons scatiered by the
gargot. This procedure was followed because theoretiocally
the count from the standard source should be the same ocach
time it was taken, and the only cause for variation of this
count would be the fluctuastions of the sensitivity of the
scaler or the detector. It was further reasoned that the
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count of the scattsred photons would vary in approximately

the same ratio as the counts from the standard source. By

correcting the standard count to a given constant value and
by applying this same correction factor to the counts from

the target, the counts from the target should be corrected

to that value which they would have had, had there neen no

fluctuation in the equipment.

Counts were taken at ten degree intervals throughout
the 200 degree are, but as the count was symmetrical on both
sides of the collimated beam, the plot of the count as a funoe
tion of position for an are of only 100 degrees was used.

Due to trouble with the scalsr as discussed in page 29,
the Re I. Do L, scaler used for this »un was replaced by &
Nuclear-Chicago scaler for the remainder of the experiment.
It was thereafter no longer necessary to correct the counte
of the soattered photons with the standard count.

Ce HMHonomorphic Crystal Alignment

Bragg Heflection was obtalned by placing the equipment
in the position shown in Figure 5. The source and detector
remained in fixed positions and the monomorphic crystal was
rotated by means of the apperatus shown in Pigure 8 in inore-
ments of 0.25 degrees through an angle of about 10 degrees on
each side of what appeared, by eye, to be the proper angle
for Bragg Heflection, 1.e., the basal plane of the monomorphiec
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erystal intersecting the collimating photons at O.4 degrees.

A plot of this count as a function of position of the crystal
is shown in Figure 10, What appeared to be Bragg Heflection

occourred throughout about 1.5 degrees of this run. The

Table 1. Dragg eflection data

Fosition of erystal Counting rate (opm)
2-8/32 392%3.6
1-31/32 1309%2,.3
1-20/32 396%3.1

target was then placed in the center of this reglon of
possible Bragg Heflection and several long counts were made
in this position and in positions on either side of this
region. As 1s shown in Table 1, the counting statistics
indicated that Bragg Heflection was ocourring, therefore the
target was glued in this position and braced as shown in
Figure 9 so that it would not be Jjarred or knocked out of
place.

De Seattering by Aligned Monomorphiec Crystal

Without ohmging the position of the target, collima-
tors, or scurce from that deseribed, the detector was moved
to the rotating platform and a run was made taking 10 minute
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readings of the count and baskground every 10 degrees
throughout an are of 100 degrees.
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Vi. DIBCUSSION AND RESUILRS

The results of this study are presented in the form of
a plot of the Kleinelighina cross section as a function of
the scatbtering angle in Plgure ll. In order to determine
whether the soattering characteristics of a given shield
composed of a polymorphic crystaline material differs from
the scattering characteristics of a similar shield composed
of monomorphic crystaline material when it is aligned to
reflect some gamma photons, 1t should be necessary only to
compare the theoretlical scattering probability (imown to pere
tain to polymorphic erystals) to the scattering probability
determined experimentally from the aligned monomorphic
erystals, If the probability that a photon will be scattered
in a given direction 1s the same for both the polymorphic and
monomorphic orystals, then it could be concluded that the
bullding of shields for gamma radiation composed of monoe
morphic erystals aligned so that Bragg Hefleotion cccurs,
could not be Justified by the sasumption that the use of
monomorphic orystals enable an appreciable change to be made
in the scattering pattern of the photons,

The theoretical probability that a photon of 1.252 Mev
will be scatbered in a given direction by a zinc target is
given by the KleineNishina cross section and is plotted in
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Flgure 11. The plot of the experimentally determined cross
sections for the polymorphic and monomorphic orystals
sppearing in Plgure 11 should coinelde with the theoretical
probability when no roflection occura, That these curves do
not coincide is possibly explained by several factors.

One source of probable error may be the scaler. For
the unaligned ecrystal study a Model 200 R, I. Dy Le scaler
was used. Attempts were made over a period of several months
to obtain consintent readings using this scaler. The scaler
was checked over twice by the Iowa State College instrument
shop, tubes were replaced and other minor adjustments were
made., The scaler then apreared to be in good working order
and the muns to obbtain the scattering data for the unaligned
erystals were made, It was not noticed that these data were
8o obviously in error until the theoretically expected Kleine
Hishina oross section for these crystals was plotted and a
comparison of the two was made. Due to the trouble that
ococurred with this scaler a further check was made on its
operation to determine if it had been giving erroneocus
readings. An extensive plateau curve was made using the
geomotry of Figure 5 with the detector 90 degrees from the
collimated gammma beam.

Several upusual characteristics appear on this plot that
might help explain why the KleineHishina cross section obe
tained from the unaligned crystal does not coinoide with the
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theoretically expected cross section. It can be noted that
no counte cceur below 1300 volts, and, even more significant,
the background was constant until the scaler readas sbout 1750
volts, At all times the discriminator was set at gero. If,
however, the scaler was diseriminating against low energy
gamma radiation when it was set on zere, & owrve of this
shape would be expected. The low voltage end of the curve
would be cubt off because at low voltage the pulses might not
have been emplified enough to be "seen" above the discrimina-
tor. Since the gamma source was shielded by 8 inches of lead
and the detector by approximately L more inches of lead, it
is reasonable to assume that the background count is due al-
moat exclusively to photons that have been scattered several
times before reaching the detector and are therefore at a low
energy. Thus if it is again assumed that the scaler was dise
oriminating against low emergy photons it would be reasonsble
to expect that the background count would remain constant
until a high voltage was reached.

Proceeding with the assumption that the scaler was dise~
eriminating it can be explained that the experimental curves
for the unaligned crystals, between zero angle of scattering
and a 60 degree angle of scattering, have a greater slope
than the theoretically expected curve. The photon energy
emitted by the source was not completely monoenergic. Some
seattered photons, which were of less energy than the primary
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photons, reached the target and were scattered Into the detec
tor, and some of the primary photons that reached the Sarget
were scattered wmore than once before they reached the deleo-
tor, Therefore a spectra of photon energy and not monoory-
matic energy reached the detector.

As the angle through which the photons were scattered
was increased, the energy spectra of the scattered photons
decreased. Thus i1t would be expected that the percentage of
the photons disoriminated against would increase with in-
oreasing scattering angle.

The sharp decresse in the Klein-lNishina oross section
to the seattering angle of 60 degrees can be explained by the
assumption that the maximum energy of the spectra was
approaching that energy against which the scaler was dise
eriminating. Since those factors which caused the detected
photon energy to be in a spectra were of a secondary nature,
it would be expeoted that the greateat density of energy
would be near the maximum energy of the specotra. Thus as
the maximum energy of the apectra approached the cut-off
energy of the discriminator, a sharp increase in the photons
dizeriminated against would be expected. At scattering
angles greater than 80 degrees 1t can be assumed that the
entire energy spectra is below that energy against which the
scaler was discriminating.

If 1t 18 essumed that the K. I, D L. scaler was
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discriminating against low energy gommas then we must assume
that the curves for the unaligned orystals should have a
higher value than that which appears in Figure 1ll. Some
factors that might explain why the curves for both the
aligned and unaligned orystals have a higher value than the
theoretically expected curve are that the exact lccation of
the effective center of the detector was not known and it was
possible that a small error ccourred in measuring the distance
from the target to the detector; the exact location of the
effective conter of the source was not known and the distance
from the source to the targetmight be slightly in error; and
an additional small error might have been made in estimating
the volume of the target.



Vii. CORCLUSION

Due to the spparent discrimination of the Re I. Ds Ls
scaler, no conclusions can be reached using the curves for
the unaligned orystals,

The reasons that the unaligned and the aligned curves
were higher than the theoretical curve was probably due %o
errors in measuring distances. As all of the distances were
cons tant values, an error in their measurement would change
the height of the experimental curves, but would not change
their slope or shape. Therefore, in order to obtain a comparie-
son between the curve for the aligned monomorphic orystal and
the theoretical curve, it is significant to compare their
shapes and not their heights., An overlay of the two curves
shows neither coinclidence nor (considering the accuracy of
the equipment) what may be called a significant difference.

From this 1t may be concluded that there is an indication
that the Klein-Nishina cross section is altered for monoe-
morphic orystals when they are aligned so that Bragg reflec-
tion occcurs, but this alteration cannot be determined guan-
titatively from the data obtalned in this experiment. This
conclusion is not unreasonable when 1t 1s considered that the
number of reflected photons reaching the detector were on the
order of magnitude of L% of the number of photons scattered
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into the detector at the position where reflection occurred,
and no reflection ococurred at any other position. Thus the
total number of photons reflected were negligible in com-
parison to the number of photons scattered.

From this experiment it may also be concluded that Bragg
reflection will occur with a monomorphic orystal when it is
properly aligned, and if proper steps are taken 1t should be
possible to determine the scattering characteristics of this
radiation.



VIII. HECOMMENDATIONS

3ince the Klein-lishine cross section does not take into
consideration Bragg reflection, the probability predicted by
this equation must be altered when Uragsg reflection ccours.
Therefore, in order %o obtaln an experimental Klein-Nishina
eross section for monomorphic crystal under the condition of
Bragg reflection that might differ significantly from the
eross section for a polymorphic orystal, it is recommended
that the orystal be cut and the gecmetry arranged so that the
percentage of the photons reflected is appreciable when come
pared to the percentage of the photons scattered.

To accomplish this the orystal might be cut into a thin
dise with the surface of the disc perpendioular to the basal
planes. It can then be aligned with the incldent gamma ra-
diation so that the basal planes will reflect the photons.

A high gemma source (several hundred me) and a small angle
collimating cone (approximately 0.25 degrees) would be dee
sirable, The advantages of this arrangement would be that a
large per cent of each basal plane will be exposed to primary
ganma radistion, which will increase the probability of Bragg
reflection, the percent of the primary photons scattered will

be mmall, and the amount of scattering of the photons that
have been reflected will be small, Because of the small
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orystal size this experiment would not have a high percentage
of the primary photons scattered or reflected, but the pere
centage of the photons that are reflected might be appreciable
when compared to the percentage of the photons that are

scattered.
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Table 2, Experimental data for unaligned erystals

Seattering  Counting  Net Standard” Corrected

angle rate rate counting net rate
cgnnur rate
o6
dogrees (epm) (epm) (epm) | {cpm)

Polymorphic orystal

100 189 12 gg :
2 212
: & 5

SERowe o

1390 1 166551
B 6 3ot
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Table 3. Klein-Nishine cross section for unaligned crystals

Soattering B e ST ek
angle Corrected Self-absorption Klein-lishina
counter net rate factor eross section
clockwise
elec
(degrees) (opm) (dimensionloss) (10+26)

Polymorphic orystal

100 ‘ 1.326 04062
90 1.260 0.
2 é ot
70 1. 1.7
60 1,22 2.
ﬁ 10 1.223 2
30 ;6‘% T 1.
20 3180 1:% 12,88
Monomorphlic orystal
100 21 S 0.086
. 83 up .4
- Os
g 1.69
1.223 2.
#: 210 1e28) 26l
30 % "2 -
20 3210 e 13.1
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Table 4. Experimental data for aligned monomorphic orystal

Scattering angle Counting rate Net rate
counter clookwise
(degrees) (epm)
100 3811
gg 5
b 20ts
i iz 5
20 2516 17935
Klein-Nishina cross section for aligned monomorphic crystal
Scatter B T = 3
gle © met O oy Sl o
c rm o shel S W , s L2 LA WA ‘b‘mtw mw
elockwise om“=nin faoctor Hishina
m:g;a
{ dimension- %9¢
a ) tepm)  (10726) les
(degrees epm 8) nsm
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Table 5. Experimental data for plateau ocurve, Re I. Ds Ls
sealer, Nuog-Chi scintilation gounter
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Table 6. Experimental data for Bragg reflection

Posgition of Go;u:t“m Position of %&m

(%a on ‘ , :1 1'5’&:‘:. on (opm)

mn)‘ - apparatus)

2«8/ 2.8/ E

z- ;;35 % g_-gf;z; §§§' n=39253.6

2 2 1

2-3/32 400

=it 1% 1-31/ B2

2-0/32 409 1= VJ?- ey

1-31/ 415 1l 1406

1-30/32 Li2 1-3122 320 Tm=ho9R.3

13/)2 12 1-31/32 407

1273 a2 1317 A

%15‘% 407 1-31/33 jal,

o/ 0

= B

22 & B R~
/’2 395 397

288
:
¥

1=l
2
A B

Sgach 1/32 of an inch in position of the aligne
ment spparatus represents a 0,26 degree change in the angle
between the incident photons and the bLasal planes of the

crystal.
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Sample Caleulations

Counting statistics for Bragg reflection data.

Ris “§:~H§)§ B = Average asctivity
oo Breent (J) P "7 lmerar T M
vhere B = 392 t = Time Interval
t = 10 min e mmi‘.og. ;1::::‘ measure-
W= 3
16 =3922 (dﬁ%m-)*

2 '392:3.6%'.

Klein-lNishina oross section for unaligned orystal with a
scattering angle of 60 degrees.

| @6 T
$f— = o

Counting rate = 692 ocpm
Eackground = U6 opm

Net rate = 646 opm
Standard counting rate = 108 opm

Correct standard counti rate to 130 opm
108 epm (120%) = 130 opm

Correct net rate
6446 opm (120%) = 747 cpm
B e 747 opm

N= 0.1
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6T

6 1s obbalned from a plot of ,¢ as a function of x
in Davisson and Bvans (3, p. 82, Table I1I),

i (@)

1 4 X g{lecos @) m,0

de TT I TTIRT | 2ES)

of = 1.102

: 25y _om2
and 6 = 2.75(20725) S

Te -

[5};—-] [stne +3 J]

sin(e + 11'50)3.

T =
cos 11.4° \

For @ = 60°

& RS 7. . WP T . S—
he2h sin 71.5°  (L4.24)0.946

T.O'm“

o 1 e 0380 on [Li024300000ms| |20 shoourend

g
T = 0,734 202k) m? ‘

s ¢ T = o00275(20°24) (0.734)(20%4)

ee& T - 1’223
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° u-&lin llah

P, = 3.,50(10%) .m_::?m

L T (26,00)2
N e 0,449(10°3) ster

= mw (s)
¢ RO
g = 0 o)  photens
L7 (0.310)5(10%) .
# = 0.198(107) 2hotens

goi . (ZhLzhotens)(1.223) ( 5do-)
( mz%amm ) (0.479¢20"3)ster )

( 2:198(107)photens )

¢
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