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ABSTRACT

The photon interaction cross-section of thin unmifomultiple foil attenuators (Ag, Cu, Fe) were det@ed in the
energy range 0.360MeV-1.33MeV with a view to sttidy effect of atomic numbers and photon energy on
absorption coefficient under collimated narrow begeometry set-up. The measurements were takémeftinear
absorption coefficient (1), mass absorption cogfit (up) and total photon interaction cross-section ofetiént
elemental solids of uniform thickness 0.15 cm, al{TN) detector using scintillation counter. Thesudt shows that;

as atomic number increases linear attenuation aziefft (1), mass attenuation coefficientguaAnd total oo
photon interaction cross-section understudy deasagith increase in Photon energy.

Keywords: Linear attenuation, Mass attenuation, Total Phatteraction.

INTRODUCTION

The interaction of photon through material is ofl@iinterest in industrial, medical and agricultstdies. With the
advent of nuclear era, large number of isotopesradidtions generating equipments have came irgtesmce. As a
result, the protection from harmful radiation hasdme eminent. One of the important factors neéueddiation
protection and shielding is the gamma ray atteonatioefficient. The present studies are aimed tutept
individuals from harmful gamma radiation which hed us to present studies. Apart from this, thednefeshield to
protect against gamma radiation has further leagiktensive measurements on attenuation coeffignedtfferent
multi-elemental materials. There is an importantapeeter for characterizing the penetration andudifin of
gamma rays in the medium which is called mass adtion coefficient. This parameter mainly dependstite
photon energy, the nature of the material and tleeliom through which radiation passes. Till datejesal
investigators have carried out the systematic studf attenuation coefficients by using narrow begometry [1-
3] from time to time. The accurate values of phlsctic cross-section for photon radiation in sevenaterials are
needed in solving various problems in radiationgitg/ and radiation dosimetry. The photon crossigeaata
which are most often used are the compilation pbres from National Bureau of Standard, USA [4]s evident to
note that most of the data are based on theoretigaipilation and only a few are based on experiaient
measurements. Such a comparison is necessary tceethsit theoretically predicted values do indegib@ with
experimental results [5]. This is particularly trire the case of low energy photons. Although a nemaof
experimental measurements are reported in thadtite¥ [6], the work actually carried out is limitexla few energy
points and materials. Further the experimentalniggles used by different workers are not identibance it is
difficult to inter compare the experimental resylt$. When photons are transmitted through a wellimated
geometry properly aligned using LASER beam, thetipiel scattered photons are not only minimized &lsb,
prevented from reaching the detector and so arengasured. However, as the collimator size and athjgkness
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increases, the probability of multiple scatteredtphs reaching the detector increases. Thus, alatiy the
unattenuated photons the multiple scattered phatmnalso measured.

The attenuation of gamma radiation through elemaninteresting from its application point of viéwindustrial,

medical and agricultural fields. Large numbers efearchers have studied linear attenuation caaffi@and mass
attenuation coefficient of several elements witheav to understand the attenuation of gamma ragspaavide the
experimental data for various applications [8]. Tditenuation of gamma rays in elements has beeatiestdor

variable energy and using narrow beam geometry sty of attenuation coefficient of several eletaaran throw
light on shielding properties and to find the densif materials. Taking into considerations the artpnce of
gamma ray attenuation we have carried out systenmatestigations of linear attenuation and massnatition

coefficient of several elements such as Silver,g@omnd Iron, for variable energy 0.360 MeV-1.33Wsesing

narrow beam geometry technique. The elementals@iitbderate to high atomic numbers) under invetitiga are
pure and have a thickness of 0.15 cm. The resbl@ireed on linear attenuation, mass attenuatioffficest and

total photon interaction cross-section of Silveop@er and Iron are presented in the paper.

EXPERIMENTAL SECTION
The linear attenuation coefficient, mass attenuatioefficient and total photon interaction crosstiem of Silver,

Copper and Iron for varying energy have been measusing narrow beam geometry technique. The axeetal
set-up of narrow beam geometry used in the preseasurement is shown in Fig.1.

Lead castle

Source
L Collim ator

Y-ray
Absorber

Detector Nal (11)

Fig.1 Schematic Apparatus used for the measuremenf y-ray absorption coefficient

The mono-energetic gamma radiations are derived Several radioactive sealed sources having phenengies
ranging from 0.360 MeV to 1.33 MeV. The countindupeconsists of source holder, incident and tratteohi
photon beam passing through collimators of Lead| afgned. To minimize radiation exposure and lgackind
radiation contribution, the radioactive source Wept in a Lead source holder and placed subseguerithe Lead
castle which is well shielded from all sides [9].

The transmitted photon beam is detected by a Nasihtillation gamma photo spectrometer. The optimvoltage
of 800 Volt was chosen to provide good resolutibaracteristic for the isotopes used. The detects galibrated
for various photon energies using radioactive isesoBa* Cs®’, N&? and C8° The photon transmission
measurements were done under a narrow beam cowg@orgetry employing high resolution scintillatioetector.
The Nal(Tl) detector was used in the present wohe Nal(Tl) scintillation detector used in the meswork is 4.5
cm in diameter and 5.0 cm thick and is suppliedNligleonix Enterprises, India. The experimentalugetonsists
mainly of two collimators of diameter 0.2 cm whishwell aligned by LASER beam so as to provide atsc free
collimated photon beam. To establish the optimutiinsation condition, the gamma ray spectra of Csource
were taken with the incident and transmitted cdlied beam and were found to be identical and hatlanged
energy resolution characteristic. The photon spetius taken establish that the energy of trangmnigghoton did
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not change appreciably due to scattered or fluergs@diation emanating from the collimators. Avison was
made midway between the collimators to introducgodters which were in the form of thin uniform #ilThe
entire system was arranged vertically over the (N&) detector, ensuring that the central axis dfident and
transmitted collimator are coaxial.

The source holder was kept over the collimator sdoaallow, a narrow well collimated photon beamnirthe
collimator incident normally on the thin absorb€&he gamma spectrums from each source of photorygfeB60
MeV to 1.33 MeV were recorded on the single charamgllyzer pre set to record counts under the fudirgy
absorption peak as shown in Fig 2.

The transmitted photons from the absorbers weramglated for a set time so as to provide statistiagiation
within one percent. For absorption study of gamg thin and uniform foils of high purity 99.9% &lilver,
Copper and Iron were used in the present study.
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Fig.2 Gamma spectra of B&, Cs**", Na*, and Cd*°

The areal densities of absorbers were obtainecbmparing their weight measured on a micro balandt, their
area. The counts under the full energy absorptieak pof the recorded spectrum were taken without \aitil
absorbers placed in sequence. The photon spectasmegorded several times for each additionaldfothickness
ranging from 0.15 cm to 1.50 cm. For each addeldtiisckness, average counts under the full enetzpogption
peak were obtained. The entire counting system awasged in a dust free room to minimize contritmtirom
scattered photon and also from contamination aifiom the atmosphere and sealed radioactive sestoeed in
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the laboratory. Care was taken to maintain, temperavariation due to environmental change as mininso as to
avoid any shift in the photo peak position of retmt gamma spectra. The average number of trandnpitieton
through different absorber foils were corrected fackground and plotted against thickness to reptes linear
curve on a semi-log graph paper. The slope of thptgprovides the accurate value of linear attéonatefficient

n (cm?) for specific gamma energy and absorber. Thusemxental values of linear attenuation coefficient
obtained using 0.2 cm diameter collimator were kbdcfor contribution from scattered photons arisfngm
different collimators of varying sizes.

RESULTS AND DISCUSSION

Linear attenuation coefficient

The probability of multiple scattered photon leadgshe variation in the attenuation coefficient doechanges in
thickness of multiple foil staging and variationgamma ray energies. There is definitely some kihdorrelation
between absorber thicknesses due to attenuatidficiert gets affected. The linear attenuation et u (cm')
for collimator diameter 0.2 cm is calculated usiodpwing relation and experimental results areegivn Table 1.

| s lexp [1uf] 1

where, | and J are the photon intensities with and without abspnespectively, and ‘t’ is thickness of the foll
expressed in centimeter.

Table 1Linear attenuation coefficient () in the errgy range (0.360 MeV-1.33 MeV) for Ag, Cu and Fe

Energy Linear attenuation coefficientp(cm™)

(MeV) Ag Cu Fe
0.360 0.7045 0.5362 0.4777
0.511 0.5421 0.4365 0.3674
0.662 0.4844 0.3823 0.3225
1.170 0.3745 0.3052 0.2621
1.280 0.3362 0.2825 0.2445
1.330 0.3147 0.2557 0.2245
0.75
—o—Ag
——Cu
0.65 - Fe
0.55 -
\5/ 0.45 -
=3
0.35 -
0.25 -
0.15 T T T T
0.35 0.55 0.75 0.95 1.15 1.35

Photon energy (MeV)
Fig 3 Plots of photon attenuation coefficienty) v/s photon energy (MeV) for Ag, Cu and Fe (0.2 croollimation)

Table 1 illustrates the variation of linear atteimra coefficient as a function of gamma ray enefgycollimator

diameter (0.2 cm). From these results, it is skanthe linear attenuation coefficient decreasgmmrantially with
increasing gamma energy and increases with atoamtber of the absorber (for pure elements Ag, Cd,Fe). The
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linear attenuation coefficient increases for akrgies under study indicating identical trendshie tesults reported
in the literature [10].

Fig 3 represents the variation of linear attenunatioefficient as a function of photon energy folliowator diameter
0.2 cm for Silver, Copper and Iron. From these plibtis observed that linear attenuation coefficiehall the
elements under investigation decreases expongraisibhoton energy increases.

Mass attenuation coefficient
The ratio of the linear attenuation coefficiantcm™) to the density (gm cn?) is called the mass attenuation
coefficient (/p) and has the dimension of area per unit masg/gem). In the present study, the mass attenuation
coefficient has been calculated using the followigigtion,

Um=p (cnfigm) 2

where,p- is the density of the thin absorber and
p-is the linear attenuation coefficient.

The mass attenuation coefficients for moderateigh htomic number of (Ag, Cu and Fe) under stugygiven in
table 2 for varying photon energy.

Table 2 Mass attenuation coefficient () in the energy range (0.360 MeV-1.33 MeV) for AgCu and Fe

Energy Mass attenuation coefficientu/p(cm’gm™)

(MeV) Ag Cu Fe
0.360 0.0672 0.0601 0.0580
0.511 0.0517 0.0489 0.0468
0.662 0.0462 0.0428 0.0411
1.170 0.0357 0.0342 0.0334
1.280 0.0320 0.0316 0.0312
1.330 0.0300 0.0298 0.0286
0.07
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0.065 -~ —mCu
0.06 Fe
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Photon energy (MeV)
Fig 4 Plots of photon attenuation coefficienty(/p) v/s photon energy (MeV) for Ag, Cu and Fe (0.2 croollimation)

From table 2 it is observed that, as the photonmggnmcreases, the mass attenuation coefficierdlloélements
under study decreases. Our results are in accadaith the literature reports [11]. The variatiook mass
attenuation coefficient with photon energy fortakk elements under study are shown in Fig4.

The common feature of all these plots is that tieyibit similar trend. The mass attenuation coddfit decreases
exponentially with increasing photon energy fron36D. MeV to 1.33 MeV. As the photon energy increases
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intensity of gamma ray increases, this causes deeren mass attenuation coefficients. It is obskfvem these
plots that maximum value of mass attenuation coiefiit is associated with Silver element that hagh FEtomic
number and high density. The minimum value of nmetg=nuation coefficient is observed in case of igth low

atomic number and density.

Total photon interaction cross-section

The mass attenuation coefficients ftgm) have been converted into the total photonramtéon cross-sections,
expressed in units of barns/atom by using theiogia3) given below. The values obtained from vagyphoton

energy for collimator diameter (0.2 cm) are givermable 3.

Ot =Hp (Ni] x10*
A

Table 3 Total photon interaction cross-sectiond.) in the energy range (0.360 MeV-1.33 MeV) for AgCu and Fe

Energy Total photon attenuation coefficient
61otal (DArn / atom)

(MeV)

0.360
0.511
0.662
1.170
1.280
1.330

Ag
11.94
9.186
8.208
6.343
5.685
5.330

Cu
6.287
5.115
4.477
3.577
3.305
3.117

Fe

5.297
4,274
3.753
3.050
2.849
2.612

It is observed that the total photon interactiomsesr section of all the elements under study deeszas the photon
energy increases. The variation of total photoeraxttions cross-section with photon energy is shiowkig 5.
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From figure it is seen that, as atomic number iases from iron to Silver, the total photon crossiea also
increases. Our experimental results on total photteraction cross-section as a function of phatoergy are in

analogues with the literature reports [12].

Photon energy (Me)/
Fig 5 Plots of total photon attenuation coefficien{e,s) V/S photon energy (MeV) for Ag, Cu and Fe (0.2 croollimation)
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CONCLUSION

In the present measurements results reported dopri@antly experimental and therefore no comparisareeded.
The experimental measurements described were prdfan collimation geometry and provide a set ofadan
attenuation coefficients, mass attenuation coeifits and total photon interaction cross sectioomFthe above
measurements, it can be concluded that the effattuttiple scattered photons in the measurementttehuation
coefficient of elemental solids is significant ifivBr, Copper and Iron and can further be minimibgdusing well
collimated narrow beam counting geometry. As mastueate values of attenuation are needed in radiati
dosimetry, diagnostic and therapeutically applmadi attempt should be made to minimize multipletteoed
contributions while evaluating the attenuation &oefnt values correctly. Finally, it is concludatiat the
attenuation coefficient can be measured more amdyifar health care, and radiation dosimetric aggions.

From our studies on linear attenuation coefficienass attenuation coefficient and total photonradion cross-
section as a function of photon energy on varidements (Ag, Cu and Fe) it can be concluded thactilimator
size largely affects the attenuation of gamma raglements under investigation. The best resultatteihuation
coefficients are observed for 0.2 cm diameter dfroator. Based on our results, it can be concluithed

1) The linear attenuation coefficient increases expbaky with increasing photon energy.

2) The linear attenuation coefficient increases froodarate (Fe) to high atomic number (Ag).

3) The mass attenuation coefficient increases expa@tignvith increasing photon energy.

4) The mass attenuation coefficient increases fromeraid to high atomic number.

5) The total photon interaction cross-section increagiéh increasing photon energy. The increase ie&ntial in
nature.

6) The total photon interaction cross-section incredisem moderate to high atomic number.

7) For effective attenuation coefficient, the collimatiiameter of 0.2 cm size is most suitable.
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