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ABSTRACT

The total photon interaction cross sections for five e ements (Mg,Ni,Zn,Ag,Au,Pb) in the range 12< z < 82 at photon
energy 360 keV have been measured. The photoelectric cross sections at this photon energy have been deduced by
subtracting the scattering cross sections from the measured values of total interaction cross sections. The results
have been compared with corresponding theoretical values available in the literature.
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INTRODUCTION

Mass attenuation and energy absorption coefficiargsvidely used in the study of interactionyefys with matter.
The photoelectric effect, Compton scattering andt pesoduction processes are the predominant intiers
between the photons and atoms apart from othesstgper a wide range of energies. By irradiating riregerial
with y-rays, ionization of the material takes place amel stored energy of the material increases [1]elisive
studies have been carried out to determinay attenuation coefficients for various elemearid photon energy [2-
4].

Accurate values of photoelectric cross sectionsplooton radiation in several materials are neededoiving
various problems in radiation physics and radiatiosimetry.It is important to note that much of thata is based
on theoretical work and only few experimental resate available for comparison. Such comparisoecessary to
ensure that the theoretically predicted valuesrdieed agree with experimental results [5].Althoaghumber of
experimental measurements are reported in thetitex [6,7], the work therein actually carried @utimited to a
few energy points and materials. Further, the erpertal techniques used by different workers areidentical
and hence it is difficult to intercompare the exmental results. It is, therefore, necessary toycaut accurate
measurements of photon attenuation data. Thereforethe present work accurate photon transmission
measurements have been carried out under a nagam bounting geometry employing high resolution(lN&las
a photon detector. The attenuation data has bemhtasobtain the photoelectric cross sections. d&hettric cross
sections are determined either by counting the qetettrons emitted during photoelectric absorptwnby
detecting those photons which have not undergopérg@raction within the material [8, 9]. In therker work, the
photoelectrons were detected by organic scintiltaémd total-absorption-proportional counters. abeuracy of the
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final results was limited by the poor efficiency either of these detectors. A good photon detesftit high-
energy-resolution characteristics as used in thesgmt measurements is an essential requiremenhider
accuracy. Solid-state detectors have the high-gnegplution characteristics necessary for suchsoreanents to
be performed accurately. In view of these factsyds considered worthwhile to carry out accurai systematic
measurement of total photon cross sections, wiuiain the basic input data for the calculation oftpletectric cross
sections. Hence, in the present investigation,esyatic measurements on the total photon crossosectit the
energy point 360keV, using a high resolution phottetector is made and results are employed to axtra
photoelectric cross sections.
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Figure. 2 Block diagram of photon counting system.

EXPERIMENTAL SECTION

In the present work the photoelectric-cross-sectialues for 360 keV photons are determined in flemental
solids of atomic numbers ranging from 12 to 82 tigto photon transmission measurements. The monastiterg
photon radiation required for these measuremenssdedved from BY® radionuclide .The source was procured as
a sealed source from BARC, Trombay, Mumbai. Thet@héransmission measurements were done under@awmar
beam counting geometry employing high resolutiohNasolid state detector. The Nal (Tl) detectdilized in the
present work is of 30.3 cc active volume and wasiobd from Nucleonix systems Hyderabad India.. diéctor
was operated at liquid nitrogen temperature andshgdod stability of the order of 0.01 % over tinéire range of
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photon energy. The energy resolution of the deteatt@60 keV from BY® was about 3.3% with full width at half
maxima (FWHM) being 3.9 keV.The experimental setuged in the present work as shown in figurel. The
experimental system consists mainly of two alumiraatimators of about 12 cm long, having internadi &xternal
diameters of 10 and 60 mm, respectively. Theséntalbrs were internally lined with 4 mmthick pergm® as to
provide a scatter-free collimated photon beam 2mndiameter. With the present experimental systeémyais
established from the photon spectrum that the gnefgransmitted photons did not change appreciakhlg to
scatter or fluorescent radiation from the collinmatoA provision was made midway between the coliarato
introduce absorbers which were in the form of floils. The entire system was arranged verticallgrahe Nal(TI)
detector, ensuring that the central axis of thémators coincided with the central axis of theador. Radioactive
source of B&® had thin beryllium windows for the exit of photradiations. The source was kept in a lead container
which was provided with an aperture for the exipbbtons. The source container assembly was thanoker the
collimator so as to allow a narrow, well collimatptioton beam from the collimator incident normadly the
absorbers. The source and the detector were wgheal with the collimators. The incident energy pbfoton
radiations from the source was known accuratelynftbe photon spectrum. The chosen absorbers inthidend
uniform foils of high purity of chromium, nickelppper, silver and lead. These foils were weighexlii@tely using
a digital balance, and from their measured areathiekness proportional to the areal density inng-2Z was
determined. The absorbers had varying thicknestes few mg cm-2and higher thicknesses were obtamed
stacking the foils together. The presently usedoddzss are uniform sheets of Mg,Ni,Zn,Ag,Au,Pb. Jée
sheets/foils were weight accurately and from the@asured area, the thickness (t) in gm/cm2 wasrdigted in
each case. The absorbers had varying thicknessefeaf mg/cm2. The higher values of thickness vedtained by
stacking required number of foils together. Theoalbsrs used were of nuclear grade of specifiedyafithe order
of 99.95%. No further attempts were made to asicettte purity of these absorbers.

RESULTSAND DISCUSSION

The physical characteristics of the absorber inolgidatomic number Z, density g/cm3 and purity dweigin Table
1.

Tablel. Puritiesand atomic weights of the absor ber s used.

Element Atomic Number Z Density g/cm3 Purit
Mg 12 174 99.99%
Ni 28 8.91 99.99%
Zn 30 7.13 99.99%
Ag 47 10.48 99.99%
Au 79 19.32  99.99%
Pb 82 11.34 99.99%

The target foils used were circular in shape (Inédéameter) and each foil was of uniform thickné3dse maximum
thickness t for each foil was chosen such thatctimition ut<1 is satisfied. [10]The individual thicknessesied
from element to element and the purity of the targaterials was higher than 99.7%.The total phatosorption
cross sections were calculated by using expressions

p=-In (1/10)/t

and

o= Wp (A/N) x 1024,

Where | andJare the photon intensities with and without foils the thickness of the foil expressed in g/cmis
the mass attenuation coefficient, A is the atomaéaght, N is
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Avogadro’s number, anél, is the total photon interaction cross section/atdm. The photoelectric cross sections
were obtained by subtracting the scattering (cattepdus incoherent) cross sections as interpolétech the
compilation work of E.B.Saloman [11]

Tablell. Total photon absor ption cross sections (b/atom) at 360 keV.

Me i Zn Ag An Pb
1995 44635z 318a 10452 38.03a 42.89a
1.98b 470k 520b 1050k 3805b  42.88b

a Experimental results b J.H.Hubble (Ref.12)

Tablelll. Interpolated theoretical values of coherent (first row) and incoherent (second row) scattering cross sections astaken from b
J.H.Hubble (Ref.12)

Mg Mi Z Ag Au Pb
0.0047 0.0043 0.0047  0.0098 0022 0.024
0.099 0.093 0.091 ).086 0.077 0.076

The measured total absorption cross sections fiwugelements at 360 keV have been listed in Talskng with
those obtained from the J.H.Hubble (Ref.12)

Table V. Photoelectric cross sections (b/atom). For each photon energy and element Inthecaseof Mg,Ni, Zn ,Ag, Auand Pb the
theoretical values of J.H.Hubble (Ref.12) are also given in the second row.

Photozlzctric eross saction (b/atom)

hlagneasium TMicksl Zine Silvar Gold Lzad

1.5863 43307 30843 10.354 37.931 41.79

1.5763 4.6007 3.1043 10404 37.931 4178
CONCLUSION

From the results of the present study, it is ole@that the errors quoted are due to mainly cogrdtatistics, since
the sample impurity corrections are negligible. Hggeement seems to be good within experimentat.efthe

photoelectric cross sections have been obtaineslibyacting the coherent and incoherent scatterogs sections,
given in Table Ill, and are presented in Table IV the case of Mg,Ni, Zn,Ag, Au and Pb the corresting

interpolated theoretical values reported by J.Hb&lifL2] have also been quoted. The errors in thtimated

photoelectric cross sections are the same as thabe measured total absorption cross sections. agreement
between measured values and the theoreticallygestivalues lies within 1-4 %for all of the elenefit3].
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