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Physics 307 Laboratory

Experiment 5: Attenuation of γγγγ-rays in Matter

Motivation:

In this experiment we will make a precision measurement of the attenuation coefficient for

662 keV γ-rays in aluminum. The error analysis is an essential part of this experiment. You

should propagate the statistical uncertainty on your raw measurements through your calculations

to a statistical uncertainty on the attenuation coefficient. Some discussion of possible systematic

errors is also necessary.

References:

"Experiments in Modern Physics" by Melissinos 5.1, 5.2.1, 5.2.5, and 5.4.3.

"Foundations of Modern Physics" by Tipler 3.4, 3.5, and 4.2

"Data Reduction and Error Analysis..." by Bevington Ch. 4, 5.1, 5.2, and 6

Theory:

The purpose of shielding is to attenuate a beam of radiation. If the radiation consists of γ-

rays, no gradual energy loss occurs, but there is a finite probability (proportional to the cross-

section) for an interaction. Interactions (electromagnetic) of a gamma-ray beam with matter are

the photoelectric effect, or Compton scattering, or pair production, depending on the energy of

the y-rays. As explained in detail in Chapter 5 of Melissinos, through a series of such processes

a fraction of the y-ray beam becomes completely absorbed in the material used for shielding.

Since the interaction probability is proportional to the amount of material present, we have

dI
= KI

dx
dI

= Kdx
I

−

hence Kx
0I = I e−
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where x is the length (of the shield), and t 0σ ρN1
K = =

L A
, the attenuation coefficient.

L = the attenuation length,

N0 = Avogadro's number,

ρ = density of the material,

σt = total cross section,

A = molecular or atomic weight,

And 0ρN
A

= number of atoms/cm3 .

Actually, the expression for K is more complicated, see p. 169 in Melissinos. A more

accurate calculation of the attenuation coefficient for 662 keV γ-rays in aluminum follows. The

energy of the γ-ray, hf = 662 keV, is sufficiently low, such that only two of the three possible

interactions occurs. Pair production is energetically forbidden. The photoelectric effect occurs

primarily on the two K-shell electrons of each ρN0/A nuclei/volume. The cross section is

Equation 2.18 on page 166 of Melissinos:
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where σΤ is the Thomson cross section, Z is the nuclear charge, me is the electron mass, and c

the speed of light. The Thomson cross section is:
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where e is a unit charge in Gaussian units. Compton scattering occurs off of all the ZρN0/A

electrons/volume in the solid. The differential cross section for Compton scattering is the Klein-

Nishina formula given as Equation 3.11 on page 256 of Melissinos. The total or integral cross

section for Compton scattering, σC is plotted Fig. 5.8 on page 167 of Melissinos. The calculation

of K is outlined below.

K = (2σP + ZσC) ρ N0/A, σP = 1.21 x 10−3 σΤ,     σC = 0.39 σΤ, 
σΤ = 6.57 x 10−25 cm2, Z = 13, ρ = 2.70 gm/cm3
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N0 = 6.023 X 1023, A = 27

Thus we find that the attenuation coefficient K = 0.201 cm−1 for 662 keV γ-rays in aluminum.

Experimental Procedure and Analysis:

This experiment can be performed using the SCA (single channel analyzer) and FC (frequency

counter) or using the personal computer as a MCA (multichannel analyzer). Plot the Cs137 γ-ray

spectrum again to be certain everything is working well. Use only the 662 keV photopeak in

attenuation measurements. If you are using the SCA and FC, then the photopeak is isolated

using the LLD and ULD settings. If you are using the personal computer as an MCA, then the

photopeak is isolated using the region of interest option.

Record unattenuated counts Zi, attenuated counts Yi and background counts Bi, for each of

seven or more aluminum attenuators of thickness li . The background Bi can be recorded using

the lead attenuator or by removing the source. The thickness li should vary from 1 cm to 15 cm.

The total sample time must be exactly the same when recording Zi, Yi, and Bi. The distance

from the source to the detector must be exactly the same when recording Zi and Yi. Set up the

experiment such that Zi is ~104 . Statistical uncertainties will be ~1% for 104 counts.

Plot the transmittance T versus l on semilog paper where

i i
i

i i

Y B
T(l ) =

Z B

−
−

.

A properly weighted least-square fit can be used to extract K, which is the slope of ln T versus l.

The weighted least-square fit can also be used to determine a statistical uncertainty ∆K in K.

An alternate analysis involves using each set of measurements Yi, Zi, Bi, and li

to provide one measurement Ki with uncertainty ∆Ki Use the formula:

i i
i i

i i

Y B
T(l ) = = exp( Kl )

Z B

− −
− .

How is DKi determined from the uncertainties DYi, DZi, DBi, and Dli ?You should find that

very small and very large values of li give a larger ∆Ki. Combine all Ki measurements with

uncertainties ∆Ki into a final weighted mean K with final statistical uncertainty DK.
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Questions

Is the density of the aluminum cylinders consistent with known density of pure, solid aluminum?

Students desiring extra credit, or taking the course for Honors Credit, should explain any

systematic errors in their measurement of K and identify the physical effect which causes the

error. They should also propose a better measurement technique to eliminate the problem.

Final Question:

Why do very small and very large values of 1, the thickness of the aluminum attenuator, produce

larger uncertainties ∆K in the attenuation coefficient K?
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Appendix
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