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Energy resolution and angular-broadening effects in Compton-profile anisotropy measurements*
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The effects of detector resolution and angular broadening on y-ray Compton-profile anisotropy measurements

are studied. Angular broadening limits the experiments to scattering angles near 180'. For such angles„ the

resolution of the profiles improves with increase in incident photon energy Fo, up to F0 —600 keV. However,

the slight improvement in resolution possible for Fo p 200 keV does not produce an appreciable change in the

accuracy of the measurements. This is demonstrated by broadening theoretical anisotropy curves with

resolution functions appropriate to 60-, 160-, and 500-keV photons scattered at 180. Although for high-

incident-energy photons (Zo ~ 2 MeV) significant improvement in detector resolution is possible for low

scattering angles, it is shown that the conditions of high Fo and low scattering angle produce angular-

broadening effects many times as significant as the detector resolution for these cases.

INTRODUCTION

The use of Ge(Li) detectors and y-ray sources
for brompton-profile measurements has extended
the range of measurements to high-atomic-numbex
samples' ' and has increased interest in the field.
Fundamental to the success of the y-ray experi-
ments is the fact that the detector resolution half-
width increases less rapidly with incident photon

energy than does the brompton peak width. This
leads to improvement in detector x'esolution rela-
tive to the peak width as higher-energy photons are
used. The detector resolution width ~E~ for scat-
texed photons at final energy Ez is given by

where &E~ is the full width at half-maximum
height (FWHM), a~,„is the preamplifier noise con-
tribution, and nF& is the intrinsic detector contri-
bution. ' For the low-incident photon energies of
the x-ray experiments, the width in energy of a
brompton profile ls Rppl oxlmRtely pl oportlonal to
the incident photon energy, The profile width di-
vided by &En increases approximately as E,/
(o',.„+E&)'~', and Ez increases less rapidly than

Eo. For higher-incident photon energies we must
use the relativistic formula for the component of
the incident electron momentum along the momen-
tum-tl RQsfex' dlx'6ctloQ

p,(E~)=inc ', — ', , (1 —cos28, ) ', , (2 —2cos28, )+E
Vl C tOC Vl C p'pl C teal C 'PR C

(2)

U'sing this formula with 28, = 180", the peak width
dlvlded by +E& lncreRses more slowly, levels Gff

and then actually increases for Eo ~ 600 keg. In
this paper we discuss this satuxation of the rela-
tive resolution and demonstrate the effects on

brompton-profile anlsotropy measurements of flnlte
detector x"esolutions appropriate to 60-, 160-, and
500-keg photons.

Fukamachi and Hosoya' have pointed out that for
higher-incident photon energies (E, & 1 MeV), the
relative 1 esolutlon ls greRtly improved Rt lowex'
scattering angles. However, at the low-scattering
angles suggested, the angular-broadeIDng effects
present ln an experimental measurement become
much Inore significant than the detector resolution.
Therefore angular broadening shouM also be con-
sidered as a function Gf incident photon energy and
Scattex'lng Rngle ~

DETECTOR RESOLUTION

It is instructive to plot the detectox resolution
FWHM both in eV (&E~), and in atomic units of
momentum (&Pa). On the scale of initial electron
moxnentum p, the detector x'esolutioQ width is given
by

VVhlle @Eg lncl6Rses with Rn lncl 6Rse ln photon
energy, the factor dp, /dE& for conversion to the
momentum scale ls px'opox'tlona1 to the lnvex'se of
the Compton peak width Rnd decreases with Fo.
Figure 1 shows the energy-Inomentum conversion
factor dp, /dE&, &E~, and &P11 plotted as a. func-
't1011 of 111clde11't pllo'to11 encl'gy fo1' 28' = 180 . (I't ls
shown below that expex imental geometries should
have 28, near 180 .) A number for comparison to
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ANGULAR BROADENING

The most straightforward way to demonstrate the
effects of collecting photons scattered over a finite
range of angles 28 is to define the brompton peak
shift

~Eee(5) = E~ —E.e.e
where E,e is the energy of the center of the Comp-
ton peak for the scattering angle 28, E~, 6 is the
peak center of energy for scattering 28+5, and 6

represents the angular spread. The energy of the

brompton peak center is given by

E„=12.40 keV/(X, + 0.0485sin'8) (5)
05

oo I-

IOO 200 300 400 500
E (keV)

FIG. 1. Detector resolution at the Compton peak as a
function of incident photon energy. Short-dashed line:
dpg/dEf (a.u./keV); long-dashed line: ~ED (FWHM in keV);
solid line: 4I'D (FWHM in a.u. of momentum).

AD is the width of a free-electron parabola for
Al, about 1.8 a.u.

The values of dp, /dE& are calculated from values
of p, (Ef) vs E~ at the peak center using the relativ-
istic formula for P, (E&).

' Detector resolution val-
ues were calculated for a good 10-mm active di-
ameter Ge(Li) detector with measured FWHM of
228 eV at 5.9 keV and 508 eV at 122 keV. Reported
resolutions for experiments using 60-keV" "
159-keV, ' and 412-keV y rays" all lie on or slightly
above our calculated curve. The detector FWHM
in a.u. of momentum decreases dramatically as
the incident photon energy increases from the x-
ray region to about 100 keV, but the curve of dp, /
dE& vs E, is not hyperbolic as often assumed, and
the relative resolution APD improves little for E,
& 200 keV. Going to higher-energy y-rays at 28
= 180' does not improve the resolution very much.
In fact, the calculated values of &PD vs E, for
180' scattering reach a minimum of 0.352 a.u. for
Ep 600 keV. This value of ~PD is only 10%%

smaller than the calculated value 0.383 a.u. for
E,= 200 keV. Beyond 600 keV &PD increases with
E,. This trend is seen in Fig. 4 of Ref. 6. For the
detector specified above, &P~ approaches 0.522
a.u. as E, becomes infinite. It is clear that with
current technology the y-ray measurements will
not exceed the best reported resolution of the x-
ray scattering measurements, about 0.2 a.u.
FWHM using a LiF 600 reflection for energy anal-
ysis." The y-ray experiments do, of course, have
other advantages over x-ray measurements. '
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FIG. 2. Ratio of angular broadening to detector broad-
ening, AEz/AEz, as a function of scattering angle. A
logarithmic scale is used to include a range of incident
energies and to show the effects near 180' as well as at
low-scattering angles.

for Xp given in angstroms. The equation is pre-
sented with numerical values for the constants hc
and 2h/mc to stress the importance of X, in the
angular dependence of E». For '"Am y rays, E,
= 60 keV (Re=0.208A), Xe dominates the denomina-
tor. For eeY y rays, E,= 1836 keV (Xe= 0.00675 A),
and the angular dependence of bX, e is more pro-
nounced. By considering

~E.e(5)/&Eg) = (E,e -E,e, e)/(o' ...+ «,e)'", (6)

we standardize the values for the various sources
and show the relative significance of angular broad-
ening and detector resolution broadening as a func-
tion of E, and scattering angle. The calculated re-
sults for 6 = 1' in 2 8 are presented in Fig. 2 in
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FIG. 3. Theoretical and resolution-broadened Jqoo-J~&~

anisotropy for LiF. Solid line: theoretical anisotropy;
long-dashed line: broadened by Fo = 500- keV resolution
function; short-dashed line: broadened by the &o——160-
keV resolution function", dotted line: broadened by the
Eo ——60-keV resolution function.

which a logarithmic scale has been used to ade-
quately represent the different cases. In particula, r
we would point out that for 88Y y rays scattered at
28=50, for which the relative detector resolution
is improved by approximately 39go over that of
'"Te at 180',' the angular broadening over the
narrow 1' range is more than an order of magni-
tude greater than the detector resolution broaden-
ing. In using 10-MeV photons with 28= 40' to gain
a relative detector resolution twice as good as that
for '"Te at 180', one would incur angular broad-
ening for a 1' range of 26t which would be 38 times
as broad as the detector broadening. For EQ& 500
keV, APD may be improved for low-scattering
angles, but the angular broa, dening prohibits ex-
periments at these low angles unless very narrow
collimation is used with a significant and probably
prohibitive decrease in counting rates.

For the lower-energy y-ray sources, the angular
broadening for a 1' a.ngular range is much smaller
than the detector resolution width for 2 8 ~ 170'.
Larger angular ranges can be employed with these
sources to increase count rates. %ith higher-en-
ergy y rays, angula. r broadening would contribute
a significant amount to the total instrumental
broadening of the Compton peak, and narrower col-
limation would be required for the same total res-
oluti OIi.

How significant are the differences in resolution
for different y-ray sources'? Figure 3 shows our
theoretical cl] QQ Jg] ] anisotropy for LiF," and the
results of broadening the theoretical curve with
the instrumental broadening functions (assumed
Gaussian) corresponding to experiments using 60-,
160-, and 500-keV y rays scattered at 180'. This
theoretica. l curve, when broadened with the actual
resolution function of Berggren, Martino, Eisen-
berger and Reed, '4 fits their experimental results
well, "so it represents a typical crystalline aniso-
tropy, one which is also comparable in magnitude
and in sharpness to those observed in Cu and Ni
simple-crystal measurements. "

Although the sharp peak in the anisotropy at: p,
= 0.0 would be nearly obscured by instrumental
broadening for a 60-keV experiment, the general
nature at the anisotropy curve including curve
crossings and peak positions would be evident in
mea, surements using 60-keV y rays from an "'Am
source. Much better resolution can be obtained by
using a, "3Te~ source with 159-keV y rays. Such
an experiment can better resolve sharp peaks in
the anisotropy such as that at the origin. The
curve crossings, peak positions, and peak inten-
sities are also more adequately resolved. Going
to higher-incident photon energies (200& 8,~ 600
keV) does produce a slight improvement in the rel-
ative resolution, but even with E,= 500 keV, there
is little change in the relative resolution and in the
resolution-broadened theoretical curve, when com-
pared to those obtained for 160-keV photons from
$2QTe&

OPTIMUM y-RAY SOURCE ENERGIES

Although the resolution of y-ray Compton-profile
measurements improves with an increase in inci-
dent photon energy up to E,-600 keV, the slight
improvement in resolution possible for using E,
& 200 keV does not produce an appreciable change
in the accuracy of Compton-profile anisotropy
measurements. Greater counting rates may be ob-
tainable with high E, due to the lower photoelectric
absorption, particularly in high-atomic-number
samples, but the resolution difference is not signi-
ficant. For still higher energies, the experimen-
tal resolution at 28= 180' actually decreases with
an increase in E„ the limit as E,-~ of ~I'D being
slightly greater than 0.5 a.u. Although improved
detector resolution AD is possible for high-en-
ergy y rays (~2 MeV) scattered at low angles, ' the
angular broadening for such cases will dominate
the experimental broadening unless extreme col-
limation is used at a great loss in counting rates.
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Thus optimum experimental conditions will involve
incident photons in the energy range of 150 to 600
keV scattered at angles near 1SO'. I,ower F., de-
grades the relative detector resolution and for
higher energies the angular broadening becomes
significant even near 180 unless very narrow col-

limation is used. %ithin the incident photon energy
range above, the relative detector resolution is
not of principal importance. Selection of an opti-
mum y-ray source should be based on intensity
factors such as photoelectric absorption, detector
efficiency, and acceptable angular range.
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