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K-shell photoelectric cross sections of Cu, Zr, Ag, Sn, Ta, Au, and Pb

for 279.1- and 411.8-keV y rays.
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Measurements of E'-shell photoelectric cross sections of copper, zirconium, silvex, tin,
tantalum, goM, and lead for 27S.1- and 411.8-keV p rays have been carried out using a
mell-type plastic scintillation spectrometer. The number of E-shell photoelectrons in each
material is estimated by fitting a Gaussian to the respective resolved photoelectron spectrum,
and hence the X-shell photoelectric cross sections are estimated. This method is similar to
the one used for determining the E-shell photoelectric cross sections for 145-keV y rays
which have been reported in an earlier papex' by the authors. Also in the present investiga-
tion the cross sections are found to be in good agx cement anth the predicted values of
Schxnickley and Px'att, and the recently calculated values of Scofield at both energies.

I. INTRODUCTION

The K-shell photoelectric cross sections have
been determined experimentally by fem authors. ' '
Ghumman et al.' estimated the K-shell photoelec-
tx ic cross sections for 280- and 662-keV y rays
in tin, tungsten, goM, and lead from measured
intensities of K-shell fluorescent radiation that
follom the emission of the K-shelI electron in the
interaction. There is disagreement between their
experimental values and the predicted values of
Schmickley and Pratt. ' %'e have not seen in pub-
lished literature any direct experimental deter-
mination of K-shell photoelectric cxoss sections
for 411.8-keV y rays except the mox'k of Marty, '0

Hultberg" and Bergkvist, "who reported the total
to K-shell, K-shell to I -shell, and the I-subshell
ratios at this energy. %e reported' K-shell photo-
electric cross sections for 145-keV y rays in zir-
conium, silver, tin, tantalum, and lead measured
by using a well-type plas'tic scintillation spectro-
meter. The cross sections mere found to be in good
agreement mith the predicted values of Bchmick-
ley and Pratt. ' In the present paper me are x'e-

porting. the experimental determination of K-shell
photoelectric cross sections of copper, zirconium,
silver, tin, tantalum, gold, and lead fox 2V9.1-
and 411.8-keV y rays using the same method. s

The cross sections are compared mith the pre-
dicted values of Schmickley and Pratt' and also
mith the recent calculations of Scofield a3

H. EXPERIMENTAI.

The experimental setup used in the present in-
vestigation is the same as that described by the
authors earlier. ' The y-ray sources, 20-mCi
"'Hg (2V9.1 keV) and 100-mQi '~Au (411.8 keV)

in the form of radiographic capsules obtained from
Bhabha Atomic Research Center, Bombay, India,
have been used.

Thin converter foils of mass 8.1, 9.27, 7.65,
9.8, 9.1, 12.0, 13.09, and 8.05 mg/cm' of alumi-
num, copper, zirconium, silver, tin, tantalum,
gold, and lead, respectively, of high purity (99.9%)
are used. Each converter foil has the same diam-
eter as that of the mell of the plastic scintillatox'.

The y-background spectrum and the spectra mith
aluminum, copper, zirconium, silver, tin, tanta-
lum, gold, and lead convexter foils are recorded.
Typical pulse-height spectra for the y background
and with the alurninurn convex'tex' ax'e given in Figs.
1(a) and 1(b) for 279.1- and 411.8-keV y rays,
respectively. The y-background spectrum is sub-
tracted from each of the other spectra to obtain
the electxon spectrum in that convexter. Since
the photoelectric contribution is very small in
aluminum at these energies, the electron spec-
trum obtained with aluminum is assuined to be
purely the Compton continuum. The Compton con-
tinuurn in aluminum is used to subtract the Comp-
ton contribution in all other converter materials.
For the pux'pose of subtraction the continuum in
aluminum is normalized to the number of elec-
trons present in other materials. The typical
electron spectra obtained with aluminum and lead
converters are given in Figs. 2(a) and 2(b) for
both the energies. The resolved photoelectron
spectra thus obtained are plotted and the Gaus-
sians are fit to the main peak using the left portion
of the photoelectron peak. The areas under these
Gaussians mouM then give the respective number
of K-shell photoelectrons. The typi. cal photoelec-
tron spectx'a in the case of lead are given in Figs.
3(a) and 3(b) for both the energies. The estimated
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FIG. 1. Typical pulse- height spectra.
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FIG. 2. Resolved electron spectra.
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foil in an electrical balance to an accuracy of
0.001 mg. The number of photons incident on the
converter foil is estimated by recording the y-
ray spectra of 279.1 and 411.8 keV using the
NaI(Tl) crystal spectrometer in the manner re-
ported earlier. '

m. RESULTS AND DISCUSSION

The K-shell photoelectric cross sections are
calculated and listed in Tables I and II. The
errors associated with the experimental cross
sections depend mainly on the statistical uncer-
tainties in the estimated Compton continuum and
the number of K-shell photoelectrons beneath the
peak and the subtraction procedure. The errors
ln the estimation of the number of atoms in the
converter material and the number of photons are
less than 1% and are therefore neglected. The
source '"Au emits two y rays of higher energy in
addition to the 411.8-keV y ray used in the mea-
surements. These y rays are emitted at 676 ke7
(1%) and 1088 keV (0.2%). The Compton contribu-
tion due to these y rays to the photoelectron peak
area is very sma11 and it is neglected. There is
a small photoelectric contribution to the observed
electron spectrum with the aluminum converter,

and the errors on the calculated cross sections
owing to this are found to be about 2.8% in copper
and less than 0.4% in all other converter materials
at both the energies. These errors are within the
statistical uncertainties. So the errors given in the
tables are mainly due to statistical uncertainties.
The measured cross sections are compared with
the theoretical values of Schmickley and Pratt'
and Scofield. " In Fig. 4, the authors and all ref-
erenced experimental K-shell cross sections are
graphically represented as functions of energy
for each element used in the present investigation
and these are compared with the theoretical val-
ues of ScofieM" up to 1.5 MeV and with those of
Schmickley and Pratt' above 1.5 MeV. It can be
seen that there is good agreement between our
measured values and the predicted values within
the experimental errors.
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