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ABSTRACT

Mass attenuation coefficient and linear attenuatimefficient of gamma rays of photons for Ni in émergy range
360- 1330 keV have been determined experimentaibyigh photon—transmission measurement performeirun
narrow collimated beam counting geometry with skation spectrometer as a photon detector. The #as
attenuation coefficient and linear attenuation dwé#nt values reported in this work are found te im good
agreement with the values computed theoreticalhes€ values represent a subject of considerabirdst and
importance, since it is required in solving varigpi®blems in a radiation physic and radiation dostny and of
interest for industrial, biological, agriculture @nmedial studies.
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INTRODUCTION

The photon attenuation coefficients are an imporgrameter for characterizing the penetration ateinuation
properties of x-ray and gamma rays in materialcubate data on photon attenuation coefficientsegeired in a
verity of applications in nuclear science, techggl@and medicine [1]. Mass attenuation coefficieamsl linear
attenuation coefficients are two quantities widelsed in the study of interaction gfrays with matter. the
photoelectric effect ,Compton scattering and peadpction processes are the predominant interactietween the
photons and atoms apart from other types over a védge of energies by irradiating the materiahwvgiamma rays
ionization of the material takes place and storedrgy of the material increases .[2] Accurate veloé photo
electric cross section from photon radiation inesalymaterials are needed in solving various prokile radiation

physics and radiation dosimetry it is importanhate that much of the data is related on theaktiork and only
few experimental results are available for comperidt is necessary to ensure that the theorefigakdicated
values do indeed agree with experimental resujt&j@ensive studies have been carried out to détetion

gamma ray attenuation coefficients for various @ets and photon energy [4-5,7-10].

I nteraction of radiation with matter:

Nuclear radiationsof B, y-rays) have been used for a long time and sericuglents leading to confirmed and
suspected deaths of persons arising from direct iadidect effects of radiations have occurred. iffedent
applications of radiations it is observed that, reegposure is harmful and under-exposure is inéffec Gamma
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rays and ultraviolet radiations, for instance, proel electrons through the well-known mechanismhaft@electric,
Compton and pair production.

Photoelectric (PE): Absorption of x-rays occurs whbke x-ray photon is absorbed, resulting in thectgyn of
electrons from the outer shell of the atom, andchethe ionization of the atom. Subsequently, thezed atom
returns to the neutral state with the emissionrofkaay characteristic of the atom. This subseqenission of
lower energy photons is generally absorbed and do¢scontribute to (or hinder) the image making gass.
Photoelectron absorption is the dominant process xfoay absorption up to energies of about 500 KeV.
Photoelectron absorption is also dominant for atoffigh atomic numbers.

Compton Scattering (C): When the incident gamma-ray photon is deflectethfits original path by an interaction
with an electron. The electron gains energy aneigésted from its orbital position. The x-ray photoses energy
due to the interaction but continues to travel tigio the material along an altered path. Since tha#tesed x-ray
photon has less energy, it therefore has a longeelength than the incident photon. The eventdse &hown as
incoherent scattering because the photon energygeheesulting from an interaction is not alwayseotg and
consistent. The energy shift depends on the argeattering and not on the nature of the scatiemedium.

Pair Production (PP): Pair production occurs when an electron and pmsiire created with the annihilation of the
x-ray photon. Positrons are very short lived arghppear (positron annihilation) with the formatafrtwo photons
of 0.51 MeV energy pair production is of particulgportance when high-energy photons pass througfienmals of

a high atomic number.

The gamma rays are highly penetrating and canftiverereach easily the internal organs of the bddherapy of
deep-sited tumors is, therefore amenable to ganayg| Gamma rays have different penetration deptlokfierent
materials. Lead is the most efficient absorberashma rays. Gamma ray shielding is usually desciinégkms of a
parameter known as the half value layer (HVL) of etbsorber. HVL is the absorber thickness thataesluhe
original gamma ray intensity 10 to half, the trantsed intensity. It of the gamma ray beam from atemal

containing (n), HVL is given by [2].

Theory:
The mass absorption coefficient is used alternbtiwih linear attenuation coefficient in calculati it is defined as,
I =lop —ut
I'=lop —p/p (pt) ---- 1)
1 In I
as = T 2
1 I

~— In _0

and pp="_" NL || - 3)

o |

Where | and d are intensities of gamma radiation of energy Edferred through the container respectively with
and without absorber of thickness t then the linggrand massy{p) attenuation coefficient are given from the
above experimental law.

EXPERIMENTAL SECTION
For the present study a good resolution Nal(Tl)edtr is used for measurements. The present expetdhn
arrangement can be identified as being of narroambattenuation geometry which avoids the scattaretlthe

secondary radiations reaching from the detectoe gamma ray spectrometer will be calibrated usitagdard
multi energy gamma sources.
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All the samples of elemental solids are thin umifocircular shaped of diameter 3cm for each irradiatamples
material and for a given gamma ray energy. We nreabe number of gamma ray photons detected whace phe
sample to be irradiated in the path of gamma rfaygifferent atomic number foils.
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Fig.2 Thicknessin gm/cm2 vs.In I/l for nickel at 0.511 MeV
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Fig.3 Thicknessin gm/cm2 vs.In 1/l for nickelat 0.662 MeV
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Fig.4Thicknessin gm/cm2 vs.n I/l for nickel at 1.170 MeV

4035



Vandana A. Tupeet al J. Chem. Pharm. Res., 2012, 4(8):4032-4037

1.2 1 & Seriesl

<
(=]
£
0 ‘ | | | |
0 5 10 15 20
Thickness (gm/cm2)
Fig.5Thicknessin gm/cm2 vs.In I o/l for nickel at 1.1280 M eV
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Fig.6Thicknessin gm/cm2 vs.In I /I for nickel at 1.330 MeV

Table 1: Linear attenuation coefficient p (cm™) and mass attenuation coefficient p/p (cm?/gm) of Ni absorber in the ener gy range 360-

1330keV.
Sr. No. | Energy KeV| p(cm?) | p/p(gm/icm2)
1 360 0.89 0.81
2 511 0.76 0.08
3 662 0.67 0.07
4 1170 0.54 0.06
5 1280 0.46 0.04
6 1330 0.48 0.05
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RESULTSAND DISCUSSION

Mass attenuation coefficient of elemental solids) @bsorber for multi gamma ray energies ‘Bala? Cs¥,
Cc®) has been studied.

Various parameters such as linear attenuation iceeft (1), mass attenuation coefficient/f), photo-electric
cross-section, total photon interaction cross endt.;) have been obtained for elemental solids.

The comparison of their measurement with the thalevalues [6] is done by calculating the peregetdeviation
as,

H (theor)- H (expt)
P P

Percentage deviation = x 100

H (Theor)
P

These are also presented in the Table 1 and theraiatund that the deviation mostly below 2% indiicg these by
excellent agreement of the authors measurements thitory. The linear attenuation coefficient is aibed by
multiplying the mass attenuation coefficient of thlement by its density. Fig. 1 to 6 shows plotirofly/l v/s

thickness (t) for Ni at 360, 511, 662, 1170, 128d 4330 keV using this graphs, slope can be cdkmiland this
slope is nothing but th@p mass attenuation coefficient of element at thaiqdar energy.

CONCLUSION

The theoretical values of mass attenuation coefiicior element are available from [6] and the audo measured
values with experiments confirms the contributimfsvarious process such as photo electric effectnon

scattering and the pair production. The measuressraad linear attenuation coefficient of elemenésuseful for

dosimetry and radiation shielding purpose. It isino that there is a good agreement with theoretcal

experimental measured values.
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