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The ypeetrum from Compron-scattered x raya is an inherently broad distribution. This distribu-
tion iy the sum of several Gausslan-like distributions, which gives the sum s unique shape. The
Guussian-like distributions are the result of convoluting the so-calied Compton profile, the spread in
the scattered-x-ray enetgles due to the mementum distributions of the target electrons, with the
detector reaponse and the geometrical cifccts. The distribution is then further modified by the ab-
sarption within the sample. A formulution for both qualitstively and quantitatively determining the
magnitude of the geometrical contributions is presented. This formulation is based on & recently
devised approach to the scaltering geometry [Hanson, Gigante, Meron, Phys. Rev. Lett. 61, 135
i198K1]. A methodology for delermining the geometrical spread in the energy of the seattercd 1 raya
ix presented. The results can be conveniently used to optimize scattering geometries fur the reduc-

tion of the geometry-caused apread.

I. INTRODUCTION

Complon-seattered x-rays have been used as probes for
the measurements of several physical quantities such as
clectron density, target mass, and mass density.? When
vstd with coherently scattered x-rays it has also been
used for Z-dependent characterization of materials.™*
The width of the Compton distribution is inherently
broad which is an obsiacle in the analytical messure-
ments that relate the total Compton intensity to the
quantity of interest. In fact, the Compton scattering re-
sults not in a peak, but in a non-Craussian distribution of
a-ray enerpies. For many spectrometric technigues, such
1% x-ray fluorescence (XRF), the Compton scattering can
be the largest direct or indirect source of back ground.
Moreover, with the advent of elsctron synchrotron
stDrage rings as A-ray sources, the use of tunable, mono-
chromatic radiation for sophisticated physical analyses
lcads to more restrictive requirements on the background
evaluation. This is especially truz when the incident x-
ray energy is just above the absorptinn edge of the ele-
ment being probed. In particular, in XRF with mono-
chromated synchrotron radiation the Compton-scattered
x-rays result in a high background in the spectral energy
region just below the primary radiation.' Therefore the
incident energy must be scl relatively far from the edge of
the element being analysed. Some authors have regretted
the fact that the level of scattering is higher than origi-
nally anticipaled and i the canse for not achieving the
previously predicted vltimate minimuom detectable limits
(MDL’s), measured with enerzy-dispersive spectromeiers
(EDS's), lor the analysis of any patticular elemcnt. In
light of thiy, the measurements of chemical speciation,
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meagurement of shifts in the photoelectric absorption
edge as the incident x-ray cnergy is scanned, will be ham-
pered by the presence of the Compton-scattersd x-rays.
There are numerous other a-ray-based techniques where
the scattered x rays, and other effects such as x-1ay reso-
nant Raman scattering, most be accurately removed from
the specira. Finally, along thiz line, knowledge of the
ghape of the Compton distribution is important for accu-
rate mensurements of the Compton cross section,

For some authors the inherent width of the Compton-
scattered 1-ray distribution is utilized for determiming the
electron-momentum distributions of clements, known as
the Compton profile.’ Unfortunately, the energy distri-
bution of the Compton-seattered photons is doe only in
part to the electron-momentum distribution. The width
and shape of the measured distribution also includes
detector-response, geometrical, and absorption contribu-
tions that are not negligible. The only way to avoid
geometrical effecty i to use very tight collimation of the
beam and the detector. This limits the counting statistics
af a particular measurement. Therefore any Compton-
scaltering measurement requires a tradeofl between the
need to increase the counting statistics and the spread of
the Clompton-scatter distribution. The relative magni-
tude of the geometrical contribution depends on the reso-
lution of the detector. 1n order to optimize the design of
# Compton spectrometer, many parameters musl be ad-
justed, such ag the energy of the primary beam and the
scattening angle.

In penersl, we can stress that the choice of the x-ray
energy is more related 1o x-ray absorption, whereas that
of the scattering angle is morc rclated to the geometry.
Only a few authors have attempted to include geometri-
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cal spread in the optimization progeduces and . data °

analysia.®? The evaluslion of all of these contributions
is mandatory in Compton-profile measursments and is
important in other spectroscopic technigues in order to
achieve good results.

The distribution of Compton-scattered x-rays is & sum
of energy distributions resulting from the acaltering of
the primary photons by electrons in ¢ach arbital. For the
mosl tightly bound electrons the uncertainty in the elec-
tron momentum, Ag, results in an extremely broad com-
ponenl of the seatter disteibution. The ooter-shell elec-
Lrons are rosponsible for the central peak of the distribu-
tion. Tgnaring absargtion effects, the distribution of scat-
terad energics is always cenlercd about the most probable
engrgy F, which is rclaled 1o the inodenl energy Ey and
to the scattering angle & by

E 1

E, 1+v[l—cosif)] ’ el

where ¥ ==F,/mqc?, The energy distribution of the
Compton-scattered X rays about the mean energy E can
be calenlated accordiog to methods presented by
Carlsson e¢r wl' and by Ribberfors and Berggren.''
Equation (1} illustrates that there is sn angular depen-
dence on the energy of the scattered x-rays. If the in-
teraction volume is large enough to create a significant
AP, then there is a spread in the measured seatiered gner-
gy distribution due to the geometrical cffects. Each di-
mension of the sample can contribute to this spread in
Af. From here on in this paper E/Eg and AR /E;, will
be rapresented with F and AE.

In this work we have determinad independantly and
snalytically the contributions of the geometrical effects
that result in a spread (AE) of the Compton-scatter dis-
tribution. This geometry-caused spread s due to the
dependence of the scatiered energy on the scattering an-
gle. In a previous work we presented a reference aystem
that simplifies the denvation of the isoscattering con-
tours. Im this work we ulilive these conloors o relate
measuring-4yslemn parameters 1o the geometry-caosed en-
ergy spread.

II, THEQRY

A. Basic {two dimensions)

The aim of this work 15 to find a relation betwesn the
energy spread caused by peometry and the pgometrical
parameters of the measuring system. The first step is to
determine the effective dimensions of the sample with
respect 10 measuring-system parametecs, initially neglect-
ing absorption. The basic geometty is shown in Fig. 1ia).
It iz implied that the derector- and source-defining aper-
tures o slits are normal to and centered on thelr reapec-
tive axes. The shape of the intersection region is deter-
oiined by the scattering angle, the shape of the alits or
colllmators, and the distances between the source () and
the sample and detector (D} and the sample. The aclual
physical dimensions of a nonabsorbing sample is then the
intersection between the scatter volume (F) and the sam-
ple. Absorption charactleristies of the sample will then

reduce the effective size of the sampls. We will Jefine the
effective sample ds being represcoled by o rectangular
solid with the sides given by AT{=47r/b], AT {=Az/p),
and, out of this plane, AR {=Ak /6 ). In this way we for-
malize the problem and in the following will refer ta the
effective sample as the sample. The intersection between
the fields of view of the detector and the source, each of
which are conical in shape, is known as the scattering
volume [ V). The fields of view and their intersection can
be visualized with the aid of Fig. 1{b).

The geometrice] spread (AE} is due to the spread in
the scattering angle accepted by the sample (2A8), as
determined by Eg. {2a} for amall scattering valumes and
{2k} lor largy scatiering volumes,

= dE

AE— S48, (2u)
~  rdE

ﬁE—f—dﬂdﬁ. {Zb}

A gualitative approach for detetmiolng A9 is to overlay
contours of the coostant-scattering angle, presented in
Ref, 12, over the dafined sample. In this way we can

al

BO-0—ict 2 i

FIf3. 1. (a) Hasic sample peomerry. (bl Sample geometty with
field of view of the deteetor and source included.
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visualize A6 subtended by the sample. Since we are in-
terested in the energy spread AF instead of Af, a more
appropriate approach for determining AF i3 to perform
this visualization with contours of constant-sceticred en-
ergy. From Eq. (1) there is a 1:] correlation betwesn en-
ergy and 8 which provides us with a starting puint for un-
derstanding problem of spread of the scaltered energy
distribution resulting from the geometry of the system.

The contours of constant scattered energy that corre-
spond to the contours of the constanl scattering angle, as
a function of F{=p /b and 7 { =z /&), are shown in Fig.
2 for incident x-ray for y-ray) energies of 17.5, 60, 160,
412, and 662 keV, probe energics commonly reported in
the literature, From these plots it can be noted that the
gradients in the scatiered energy become steeper as the
incident snergy is increased. The contours of the con-
stant scattering angle, as a function of 7 and ¥, were Jdeter-
minsd with Eq. (3) and the contours of the constant
scattering energy were determined by substituting & from
Eq. (3] (Kaf. 1) into Eq. (1},

F

tani{ )= .
1—31—F*

(3
These contours are toroidal in nature with 5-I* as the axis
of symmetry. Therefore the approach that we will follow
to discuss the problem In the R-Z plane and later general-
izt the results to include the third dimension. The previ-
ouy presentation of iscencrgy contours are extremely
effective in the definition of the problem, but does not al-
low for an analytical determination of the energy sproud.
Therefore our goal is to determine the gradients in ETETEY
subtended by the sumple as 3 function of the sample’s
spatial coordinates fior a given AF and AZ, j.e., the sample.

Since the R and Z axes are Cartesian, we can easily de-
scribe two of the three dimensions of the sample in ¥ and
I. With thix upproach we can describe £ in terms of Fand
Zand the dimensions of the semple and scattering volume
in terms of AT and AZ instead of A®. AF can then be cal-
cnlaled with

- €, Co .
ﬁE“Clﬁ?+Tdr +C3ﬁE+TﬁE TCATAY, )

where
C\ = g b
rdrdT

In order to define our derivatives, it 1= convenient to
make the definitions

s=tan{ B},
w=1-2z,
x=(s24+1]'2,
w=yil—1/x)+1,
e=z(l—&},

3
p=2m+1=2EE

F
a—?z

The appropriate differentials are

il - 1322

& xmt

d1E= ?’52[2}’31'}’1_1#{3'}'2_;(1}?_.'-‘.'-1}_]
dr’ x 57t ’
dE _ ys'w

47 xiw’

APE _ —3ystrawd+ 2 it —2pa i
dr* L ’
d’E _ ye'wlxu(dp—x?)- 2y5iy]

dr d7 x P2y d '

As will be shown later, the higher-order derivatives are
needed since dF /d7 is zero at ¥=0.5. The coefficients
use absolute values since the derivatives change sign, It
18 interzsting to note that there is a singulakty at
FA=7(1~7), or A=HF. Therefore at 90° we need to take
the Hmil s 5 — 20,

dE_ 2y

dr (p+1R]

d’E _ 2ylayF+y+1)

a7 ty+1%¢

dE __ yw

df  ly+1pF’

4B _ 2ylyw—yF=F)

dz’ {y+1pr

A°E __ yldyPiy+lhw
dr dr {y+1¥F2

Equalion (5) gives AE as a function of spatial coordi-
nates for a small sample. If the dimcensions of the sample
become tan large, then Eq. (5) must be integrated with
respoct to 7 and X 1f the sample has been placed so that
the coeflicients, i.e,, the derivatives, are slowing varying
functions of F and 7, then the coefficients can be son-
sidered constant over the intcgration. In this way a non-
rectangular shaped sample can be described and the in-
tegration over the sample can be simplifisd, This concept
1s important in that the sample can be divided into seg-
ments, later to be reconstructed, and the attenuation can
be included.
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FIG. 2. {a) Contours of constant seattering energy for an incident energy of 17,5 keV. The lahels on the contours are the ratios of
scaffered-to-incident x-ray eoergy. (b) Contours of constant-seattering energy for an invidenl cncegy of 80 keV. The labels on the
comtours are the ratiog of scattered-to-ingident x-ray encrgy. (o) Contonrs of constant-scattering energy for an incident cnorgy of 16}
ke¥. The lubels on the contours are the ratlos of scattered-to-invidunl x-ray energy. id) Contours of sanstant scattering energy lor an
incident energy of 412 ke, The lubcls on the contours are the ratios of seattered-lo-ingident x-ray enerpy. le) Contonrs of constant
seattering energy for an incident energy 662 LoV, The labels on the conrours are the ratios of seatlered-to-incident X-TAY ENEFEY.
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FIG 3. Contowrs of isoellicieney sssuming a poinr-scattering
volume. the Tahels ave for values of ¢ py caleululed by Eg. (5.

B. Contours of ennstant efficiency

In order to determine the mosl appropriate geomstry
for a given measurement, we must balance the peomets-
cal spread that we are willing o accept wirth the efficiency
of detection that we are willing to lose. For an isotropic
source, if A, and A; arc the areas of the source and
detector apertures, respectivaly, we can wrile a relation
for the efficiency of the system as

EYALUATION OF GEOMETRICAL CONTRIBUTIONS TO THE . ..
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A,

Fi4z?

Ay
LEE AV B 45

=

(3

Figure 3 shows & vontour plot of isosflclency as a fune-
tion of ¥ and T for aource and detector areus, normalized
ta b2, of 0.UL The equation for the efficiency is for a
point of scatter and negleets the lateral response function
for points off the detector and source axes. This approxi-
mation is reasongble for assewsing the magnitude of
changes in efficiency gs the sample position is moved, but
4 more sophisticated version of efficiency is needed for
quantitative analyses.

C. The chird dlmezntion

We need to inglude & method Lo determine the spread
resulling from the third dimension, 44, of any real sam-
ple. Ay was shown in Refs, 12 and 13, we have azimuthal
symmeiry sbout the source-dclector axis. Hence the
three-dimensional swifaces of cunstant scattering angle
and comtours of constant seallering energy are toroidal in
shape. By invoking this symmetry, the third dimension
of the sample can be dealt with by prajecting points off
the R-Z plane along the tormidal surface to the R-Z
plane. This is illustrated in Fig. 4. For most cases 54, is
approximately equal to 845, 50 we can define 7' =7+ &5,
We van now use the same equations for calculating AE in
two dimensions by including a sel of terms that have 7 re-
placed with *'. ‘This method approximates a sample that
ix a rectanple in height with one that is a ssction of two
concentric toroids. Unless R /2 is large, this will be a

-+~ Toroidal Surface

%
-
H

}

B

L } )
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el Shy | ie= || ie by
A-Z Plane ! !

FIG. 4. Projection of sample onto the R-Z planc along the toroidal contour surfaces.
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second-order correction ta 7.

Aa a briel aside, it is inlercsting at this point ta conzid-
er a rample that is thread or a thin rod with only a
significpnt & component, If the rod is pluced al 8 in the
R-Z plane, then Lhis rod is tangential to the 8 {toroigal)
surface. As the length of the rod is increased, A9 in-
creases as we cross more surfaces of constant scattering
angle, The effective scattering angle of the sample will
likewise increase with the length of the rod. The angle &
is now the minimum angle in the disteibution of subtend-
ed scattering angles and not the mesn scattering angle of
the rod.

III, RESIILTS

The general apprioach of oplimizing the design of a
Compton spectromeler reguires several tradeoffs. For ex-
ample, the primary energy 14 chosen after compromising

between the atlenuation of the phelond by the sumple and
the detector parameters of etficiency and energy resalu-
tion. The scattering angle, F, and T are selected according
to the typc of information needed and the physical con-
steaints of the measorement systam. The angls, enerpy,
and efficiency contours, already presenied, are uselul in
optimizing and understanding the design of & scattering
spectrometer when all other experimental constraints
that restrict the figld of optiony are taken into account.
From the energy-contour plats we can estimate the en-
ergy spread of Compton scattered s-rays by determining
the number of contour lines, weighted with the relative
length of the segments, that are subtended by the sample,
By determining the number of contoor lines subtendad by
the sample, we are actually measuring the gradient of the
cnergy distribution within the samiple. In a rapid assess-
ment of the situation, it is then convenient to study the
contour plotz of the energy spread as a function of F and

FIG. 5. (a} Contours of constant AE for 60-keV incident x rays with A7 ~0.002 and 47— 0.01, The labely are avtual values of AE,
it Cootows of constant AF for 60-%eV incident a rovs with A7=0.0] and A7=001_ The labels are actual values of AE. {c) Contours
of constant AE for 60-keV incident z-rays with A7=0.02 and A¥=0.01. The labels are actual values of Ak (d) Contonrs of cansrant
AE for f0-keV incident x-rays with AF=0.] and A¥=0.1. The labels are actual values of AE.



40 EVALUATION OF GEOMETRICAL CONTRIELUTIONS TO THE. .. 177

Z._As on example, wo present contour plots of constant
AE as a function of ¥ and 7 in Fig. 5. The curver were
generated for a photon energy of 6 ke¥ and AF valpes of
0.002, 0.01, and 0.02 holding AT at 0.01, The value of
0.002 for AV is equivalent to using u 1-mm-thick sample
in the spectromeler of Pattison and Schneider.’ The
value of AZ=0.01 is on thc urder of the normalized aper-
ture sizes used by Partison and Schneidar. From these
plots the gradients are, of course, steepest as T approaches
zero and less steep as 7 becomes large (implying large 81,
The gradient is minimized when ¥=0.5, which corre-
sponds to the distance 5-F being equal 1o 5-D. As the
sample becomes thicker (lurger AR the gradients within
the sample become stecper as the sample sebtends more
constant energy-conlour lines. The gradient minima at
=105 become less promounced.

When determining AFE, it is important to consider if
and when higher-order contributions can be neglected.
We therefore present plots of the percentage contribution
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FIG, 6. (a) Pereenl cuntribution to &K, for 60-keV x roys
scattered into 1657, of the two first-order tocrms and the gum of
all of the higher-order veemis. A7 and AT fined al .01 (D) Per-
cent contribution 1o AE, for 60-ke¥ % rays scatered jnto 07,
froum the two first-order terms and the zum of all of the higher-
wrder terms, AFand AX were fixed at 0.0,

from the (JE /dr)AF and (dFE /dFIAZ terms along with
the sum of the higher-order terms. Pluts generated for
fil-ke¥ photons with AF=0.01 and Az7=0.01 are
presented in Fig. & for the scattering into 90° 2nd 165~
&t 165, for all values of T, the higher-order ferms con-
tribute less than 1% even though the dE /47 js zero at
F=0.3. At W, the higher-order terms contribute abaut
12¢. The relative mapmitode of each contribution does
not change significantly with energy. However, as AF and
AT ate increased the higherorder terms become
signiticant. When A7=AZ=0.1 the higher-order Lerms
contribute 2—- 8% at 165 and contribute 20-30 % a1 N,
The magnitude of the contributions is symmetrical about
wr

OUme aspect of the suggested oplimization procedure
that has not been addressed unti! now is the effect that AP
and AT have on AE. As the sample thickness and interac-
tion volume i8 Increpsed, we will have a more zevars
broadening of the energy distribution. Therefore it is in-
teresting to plot AE as o function of AZ or A7, TIn all
cases the (dE /47 AP terms dominate the Hd°K /dr° ) Ar?
lermy. Therefora holding A¥ constant, AE will be almost
a lingar function of AF. This is not thie case with the AT
terms since dE /dF and d'E /dFdE arc both zero at
z=0.5. Figure 7 shows AE versus Az for 60-keV x-rays
scattered into 30° with 7=0,5, 7=0.5, and for five values
of AF. Since dE /d7 and d'E /drdT are both zero &t
2=0.5 regardless of scattering angle, the AE-versus-AT
curve will be similar in shape for any scatiering angle, but
the magnitude of the effect will be less pronounced as we
mave away from 90°. This is because the A7 terms have
larger contributicns as was shown in Fig. 6.

‘In scattering techniques such as Compton-profile mea-
surerneénts, we usvally define the geometry with the
seattering wngle 4, In XRF, where we usually work with
thin sumples of finite dimensions, it is common to define
the angles ¥ and @ as illustrated in Fig. 8. The relation
between them and § is ©+W¥=28. It can he casily
demonstrated that if we want to place the sample along a

oyl  — ————
0o -
w QG
=1 O ——————— "
U |
003 - yenpn e ——
A=l —_—
[ 2r=0.ma2 —
Dooe ! ' _ -
nad oGg oc o .08 K
22/

FIG. 7. AE vy AT for 6-keY T-ravs scactered into 90°, for
values of &7 of 0.0C2, 0.01, 0.02, 0.03, and 0,1, Thees calcula-
iong were for F=¥=0,5,



178 : A. L. HANSON AND G. E. GIGANTE 40

IIG. & Correlation hetween commonly defined XRF
peometry and our geomelry,

specific contour, we should-satisfy the following relation:

sin® R

sind R,
It i worth noting that this simple criterion can e casly
implemented in an experimental setup just looking at the
distances of the source to detector relative to the target,
In addition, we can consider a sample moving along a
contour simply when R, and/or R, are changed. This
can be achieved by changing the position of the source
and/or the detector along their respective axes. This, in
turn, changes ¥ and Z, bot not necessarily r, z, and £
Therelore by fiaing @ we anly have one independent vad-
able, cither For 2, s a plot of AR versus For Tillusitates
the effect of moving the sample along the contour, A set

LY

2008 , e

AEFE

FIG. 9. AF s o function of ¥ fixing several angles and muin-
taining a constant & as &) and R, arc changed,

of curver illustrating this is presented in Fig. 9. Theuc
curvid werg generated Keeping & constant, which means
R, a2nd R, must be adjusted Lo maintsio the sume
gratlering angle, IFf only B, or B, are chonged even
though it constant, & will change along with AFand AX
The curves of Fig, 9 are syvmmetric about 90°. From
these curves it is apparent that in order to minimize A%
we want =0.5 regardless of the scatrering angle, even
though the fluctuations are minimized in the forward or
packward directions. The reason for the changes in AE 15
due to the fluctuations in the relative contributions of the
AZ components llustrated in Fig. 7. The discontinuity at
£=0.5 is from the fact that the Jderivatives change sign
there.

IV. DISCUSSION

The spectrum from Compton-scattered x rays shows an
inherently broad aod asymmstric distmibution. The
unique shape of the distribution resulis from several con-
tribulions, such as {a) geometrical, (b) absorption, {c) mul-
tiple events, and, last but not least, (d) the patural asym-
metry of the Compton profile. The evaluation of each in-
dividual contribution has generally been thought to be
sumewhal difficall, resuliing m the large wse of Monte
Carle methods for the prediction of Compten spectra.”
These methads are now guite simple, bot they arc morc
helpful in the final evaluation of & measuring system than
in the optimization of the system.

The idea to evaluate individually the contributions of
the enlargement of the Compton spectra 15 oot new.
However, a more specific and analytical approach was
needed, especially when the AQ subtended by the sample
becomes large. The problem posed bers assutied that we
started with a *‘good” geometry, & rectangolar semple to-
tally subtended by interaciion volume. 1t is also assumed
that the collimation of the source and detector was rec-
tangular, 4o no curvature feam the aperture are observed
out of the B-Z plane. As samples more realistic in shape
are amsessed, we nced Lo make sure thal we take into ac-
count the fact that sumple dimensions may no be parallel
to the K, Z, and H axes, Likewise, when assessing the
effects from using a circular aperture we cannot neces-
sarily use the radivs of the aperture as AZ without averes-
timating AE. Also, for circular apertures the cone-
shaped derector and/or source fleld of view will be ellip-
soidal instead of cireular. If the surface of the sample is
not parallel to the source-detector axis, then A¥ is not ac-
tually the thickoess of the sample, but the thickness di-
vided by cos(f), referring back to Fig. 1{a), A similar
correction to AT will be needed.

In the determination of Compton profiles, if the sam-
ples are compared to experimentally determined refec-
ence profiles, then as long as the absorption and sampls
thicknesy are the same, the geometrical effects and the
effects of detector resolution will be 2 constant contribu-
tion of each spectrs {i.e., everything washes outl. There-
fore the work presented here will not be as interesting for
the analysis of the spectra ay it will he for determining
the optimum ezperimental geometry. However, if the
meastted spectra are compared to theorelically deter-
mined spectra, the geometrical effects and contributions
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must be underrtond. As detegtor resolution improves,
e.g., rneasurin* Compton profiles measured with crystal
speelromelers, | the requitements for the geomelrical
cffects will hecome more stringenl. As an example, if we
imagloe p detector resolution of abaut 200 eV for 60-keV
x rays, and we decide 1o accept 1% or lass contribution
from the geometrical spread, then this contribution
should be less than 28 V. If we now measure the x rays
with a 4-¢¥ detector'” the maximum acceptable geome-
trical spread is 1.1 eV, a [actor-of-25 reduction in the re-
quirements. In the case of analytical work, especially in
medical physics, large samples may be the ruole instead of
the axception.

In ttying to undersiand the Compton-scatter distribu-
tion, we need to cenlize that the disteibution 13 not a can-
volution of contribuliony from sach orbital but ix 1 sum
of contributions from all arbitals, As such, the cfects of
detector resolution and geometrical spreading will he
convoluted wilth the contributions from cach orbival.
That is why even with a relatively poor-energy-resolution
detector ihe cntire Compton distribution never tends to-
wards a Gaussian distribution, Sinee the comtribution
from each orbital is the convolution of the momentum
distribution, the detector resolution, and the geometrical
spread, we know from the central-Emil theorem that the
resuil will be nearly a Gaussian. IT the response function
ingide the scattering volume is uniftrm, i.e., sach point
has equal weight apart frool the geometrical spread, the
energy distribution fron geomeirical effects would not be
(Graussian in shape. However, thers will be an “effective
Gaussian” whose sigma is related to our calculated AF,
which when eonvolulcd with our detector responsc and
the Compton profile, will result in an equivalent distriby-
tion as before. Therefore, when using the results from
this work we must be careful not to use AE as the sipma
of o Gaussian dintribution.

When the subtended A@ becomus large we may eed to
integrate Eq. [4) with respect to Fand 7. Tn doing this the
integration is greatly simplified i the sample has been po-
sitiomed so that the derivatives of the energy are slowly
varying functions of Fand . If that is the case, then the
coefficients C; are constants with respect to the integra-
tions. Hence the scartering from ssmples with complicat-
vl peometries may be determined.

When the sample is highly absorbing, in the agpects of
peometrical epread, the analysis of the situation is some-
what simplified in that the beam of x-rays does penetrate
the sample, and the sample does not subtend many con-
tour lines, When the sample 15 optically thin, we do not
have to ¢onsider boam-attenuation sffects, However,

when we are in the intermediate repion, attenuation
effects must not be taken lightly since the effects of at-
tenuation include not only loss of inicosity but also a
change in the shape of the disiribution. Ome suggestion is
1o divide the sample into the segments that follow the
contowrs of comatant scattering snergy followed by in-
tegration along cach contour, which involves an integra-
tion only along either 7 or . Again, if the sample has
been positioned properly, the coefficiants €, are conslant
with respect Lo the integration, so the intcgration is the
length of the subtended arc of the contour weighted by
the attenuation.

Regardless of the position of our effective sample {rec-
tangular in shape along a vontour, thers is a preferred
oricntation of the sample. The surface {longest dimen-
sion] of the saniple should he placed tangent to the can-
tour. This means (1) when 7=0.5 the sample surface
whould be placed parallel to the source-detector axig, (2)
when Z<0.5 the surface should be “tilted” towards the
detector, and (3) when 2 > 0.5 the sample should be tilted
towards the source.,

¥, CONCLUSEONS

We have developed a mathematical mathod for detuer-
mining the geometrical spread in the Compton-scattered
x-ray energy distribution. The method presented is based
on the realization that in a scattering geometry we have
surfaces of constant scattening angle and hence surfaces
of constant scaticring energy that are toraidal in shape.
With this realization, it is relatively easy to establish
equations for determining the spread in cnergy cansed by
the geomelry of a measuring system. Tn ALEEESINE 4 5y§-
tem, or when trying to optimize a system, it iz important
for the cxperimenter to realize that it is the gradients in
the cnergy contours that exist within the scattering
valume that actually determines the magnitude of the
geametrical affects. This is important in cases, not un-
common in tedical physics, where the sample itself is
large and optically thin.
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