ABSORPTION COEFFICIENT OF 3 AND y-RAYS

Purpose

To measure total absorption coefficient and half-value width of B and y-rays in
aluminum and lead.

To practice least squares fitting method.

Background

Gamma ray absorption

y-rays interact primarily with electrons of the matter. However, a gamma ray
traversing matter does not gradually lose energy along its path but rather it interacts
strongly at one point.

The three principal ways y-rays lose energy are:

1. Photo absorption: y + atom -> ion + ejected electron
2, Compton scattering: Y+ atom > v’ + ion + ejected electron
3. Pair production: . y+atom -> atom +e’ + ¢

All of the gamma ray energy is transferred to the ejected electron in photo absorption.
In Compton scattering some fraction of the incident gamma ray energy is transferred
to the ejected electron. In pair production an electron-positron pair is produced.

At low gamma ray energies (< 1 MeV) photo absbrption dominates. At intermediate
energies (~ few MeV) Compton scattering dominates, and pair production is the
dominant mechanism at high gamma ray energies.

Pair production will not occur if the gamma ray energy is less than 1.02 MeV. Why?
(Think of conservation of energy, e* mass =0.51 MeV).

If we have a beam of y-rays of intensity I, incident on a material of thickness dx and
an emerging beam of intensity I, the fraction of beam absorbed is proportional to dx.
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Where dI =1-1 0 < 0 and p is the total absorption coefficient of the material, which

is the sum of three terms: I = I photo + L Compton T M pair



By integrating we get I(x)=1 Oe_ HX

I(x) is the beam intensity after passing through a material of thickness x.

The absorption half-value width (dip) is defined as:  1(dy;2) = I¢/2. Therefore,
dl/z = In2/ n

Beta absorption

Beta rays interact primarily with electrons of matter via the coulomb interaction
leaving a trail of ions and excited atoms unlike gamma rays; a beta ray traversing
matter usually loses energy gradually along its path. A difficulty in interpreting beta
ray absorption data occurs because a beta source does not emit mono-energetlc beam,
but rather the emitted betas have a continuous energy spectrum ranging from zero up
to a definite maximum energy. Therefore, unlike gamma rays, the intensity of beta
rays does not decrease exactly exponentially with thickness of absorber. Further
difficulties arise from the scattering of electrons.

The attenuation of a mixed radiation (B and y for example), recorded as a function of
absorber thickness by a detector sensitive to both radiation, can be described by a
superposition of two exponential relations, each due to one component.

Procedure

1. Arrange the experimental setup as shown in the figure below and fix the
source-detector distance such that you detect about 50 counts per second
without absorber.
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Record the count rate as a function of Al-absorber thickness.
Repeat the step 2 with Pb-absorber.
Be sure to take necessary steps to reduce random error in your measurements.
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Analysis
Determine the absorption coefficient and half-value width of B-rays in Al and that of
y-rays in Al and Pb, using least squares fit to your data.

Additional Reading: Manufacturer’s handout and Melissinos page 204-208.
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