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Gamma Cross-sections

1. Goal
We wish to measure absorption cross-sections for y-rays for a range of gamma energies

and absorber atomic number.

2. Equipment
* Pulse height analyzer
*  Oscilloscope
e Nal crystal (~2" dia) mounted on photo-multiplier tube
* High voltage supply
* Gamma sources (decay schemes given in Appendix A)

Na?? (0.511 and 1.27 MeV)

Co*’ (1.17 and 1.33 MeV y-rays)
Co’’ (0.122 Mec y-ray)

Cs"" (0.662 MeV y-ray)

e Absorbers of Al, Fe, and Pb

* Ring stand support for cross-section measurements

3. Theory
The cross-section is a measure of the probability that an interaction will occur between an

incident particle and a target material:

_ Scattered flux (1)
Incident flux per unit area

To determine the flux of photons which passes through an absorbing material, containing p

atoms per unit volume, of thickness ¢ consider Figure 1.
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Figure 1. Attenuation of a beam of photons passing through an absorber.

1(0) is the photon flux per unit area incident on the face of the absorber. The number of photons

scattered / (x) in a thin slice of the absorber dx located at x is given by
1 (x) = Gl(x)pdx. (2)

N

Conversely the number of photons /(x + dx) which pass through the slice dx is

I(x +dx) =I(x)-I(x) 3)
I(x + dx) = I(x) - Gl(x)pdx

where I(x) is the flux of photons incident on the slice dx. The change in the photon flux as a

function of x is defined as
dl(x) = I(x + dx) - I(x). 4)
Substituting eq.(3) leads to
dl(x) = —Gl(x)pdx. (%)
Integrating over the limits x =0 to x =7 gives
1(r) = 1(0)e™™" . (6)
So we expect the flux of photons passing through an absorber to fall off exponentially with

increasing absorber thickness.
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What is usually measured directly is the total cross section. However there are three ways
in which y-rays interact with matter, the photoelectric effect, Compton scattering, and pair
production. These each have a characteristic cross-section which is dependent on atomic number
and y-ray energy. The cross-sections for each of these processes contributes to the total cross-
section.

The typical scale for the Compton cross section is the Thompson cross section,

871 , (7

OThompson = 3 rO

where r, is the classical radius of the electron,

2 (8)
r=——=28x10""cm.
mc

Compton scattering is the process in which the photon scatters off an atomic electron so that

the cross-section per nucleus is proportional to the atomic number Z. The photoelectric effect has a

. . . . 2
very strong Z dependence, while the pair production cross-section goes as Z . From the
measurements you make you can find out which particular process dominates in a given energy

range. It is useful to express your results in terms of the Thompson cross-section.

Question 1:
Conservation of energy dictates that for pair production to occur the photon must have some

minimum energy. What is this energy threshold for pair production?

4. Experimental Procedure
4.1 Source, absorber, detector geometry.

In order to perform accurate cross-section measurements, it is necessary to choose
appropriate geometry. If we assume a point source of gammas, and a detector with a circular face
toward the source, then the gammas from the source, arriving at the detector, all fall within the cone

shown in Fig. 2.
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Fig. 2 Good geometry for cross section measurements.

Clearly, placing a scatterer between the source and the detector will reduce the number of
gammas reaching the detector. However, if the scatterer is smaller than the cone, some gammas will
miss the scatterer and still be detected. On the other hand, if the scatterer is larger than the cone,
some gammas which would have missed the detector, will be scattered into the detector, artificially
increasing the number of detected gammas. A good compromise is to place the scatterer halfway
between the source and the detector, with its diameter just slightly larger than the cone size at that

position. This set-up is generally called good geometry.
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4.2  Energy selection

To insure that you measure cross-sections at well-defined energies, make use of the Region
of Interest (ROI) feature of the pulse height analyzer provided. We shall use only the full energy
peak(s) for each radioactive source. You should adjust the ROI of the PHA to accept only the full

energy peak as shown in Fig. 3. See Appendix XX for instructions on how to use the ROI feature

of the SpecTech software to perform the integration.
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Fig. 3 Pulse height spectrum of Cs'"”’ showing integration of full-energy peak.

Measure and plot the counting rate as a function of absorber thickness. You will find that
for thick absorbers (e.g.~60 mm Pb) that the counting rate no longer decreases and there is no
longer a discernible peak in the pulse height spectrum. The remaining counts come from
background radiation, i.e., the detected counts present even when the source is removed. In
addition, some are counts due to inscattering of y-rays from the absorber support. These
background counts must be subtracted from each rate before the cross-section is deduced.

The following points should be kept in mind while planning your data collection strategy.
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* A statistically significant number of counts need to be collected in each full energy peak.
Since the count rates will vary with absorber material and thickness you should vary the
integration time as necessary to accumulate a statistically significant number of counts.

* Slight variations in the width of the ROI for a given photon energy can cause significant
variations in the observed count rate. Therefore it is important to maintain a consistent ROI
about the full energy peak for each energy photon emitted by the sources. This can best be
accomplished by taking data for all thicknesses of a given source/absorber material
combination before moving on to another source or absorber material.

* Plot your data as you take it. Let your data tell you when you have enough measurements
to define the attenuation curve for a particular source/absorber material.

* Since the attenuation curves are exponential you should try to obtain at least a factor of 10
difference in rate between your thickest and thinnest absorber for a given material/energy.

* Thicker absorbers will require the most time to obtain sufficient statistics. It is suggested
that you begin a set of measurements, for a given source/absorber material, by measuring
the rates for the thinnest absorber first. Then proceed to measure the thickest absorber
which is practical. With the two end points of the attenuation curve pinned down, you can
make an informed decision about which, and how many, intermediate thicknesses are

required to accurately define the shape of the curve.
5. Data Analysis
For each absorber material and photon energy plot the event rate vs. absorber thickness.

From these curves extract the cross-sections.

Question 2:

Compare your results with the cross-sections given in Appendix B.
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Compare the observed cross-sections with the expected Compton cross section. One can
then observe whether Compton scattering or photo-electric effect dominates. A curve giving the

ratio of the Compton cross-section to the classical Thompson scattering cross-section is given in

Fig. 3.
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Fig. 3 Cross-section vs. gamma energy

(after Melissinos Fig. 5.8)

If you use the fact that Compton absorption cross-section is proportional to the atomic

number, you can separate approximately the Compton and photo-electric contributions to the total

cross-section.
Question 3:

For each material determine which effect dominated the total cross-section, Compton

scattering or photoelectric effect.
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APPENDIX A
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Fig. 4 Decay schemes for radioactive sources used:
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Appendix B. Cross section data sheets from Harshaw Radiation Detector catalog.

L]

=]

-
(5

=]
=

o Lingar attenuatien coelldents (am-1)
=
=

F

EI.-I'I-!I

oL

R

omef i
0.0] E i

b I “.-"& T I u_b LIRS

Lingar sttemiaation coeflicents fam—1)

Pb

001002 00601 0.2 05 1
Trum;; |'|".|-I'|.I'|

|
2 5 10

35



Copyright 2008, University of Chicago, Department of Physics

.....

P
=FHi

3

=rm

Fe

THERE TR

36



