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In this paper, we describe our olservations of Compton scattering. We used a 661.6 KeV y-ray
source to detect scattering of photons by electrons. We measured the energies of the scattered
photons as well a5 the enerpies of the recoil electrons as a function of angle. The observed dis-
tribution matched, within reasonable error, to the theoretical angular distribution given by the
Compton relation. Also, we looked at the total cross-section of Compton scattering by observing
the attenuation of a beam of photons through plastic scintillator blocks. We found a total cross
section of (2.26 +0.16) = 10~ *® em? felectron, compared to the 2.53 x 107 cm® felectron from the

Klein-Nizhina value of the Compton cross section.

1. INTRODUCTION

One of the carliest sucersses of quantum moe-
chanies were the sueceessful explanations of the
blackbody spectrum by Planek and the photo-
clectrie offeet by Einstein. Both of these works
firmly established the idea that clectromagnetic
waves can be regarded as distinet gquanta, cach
having conergy hee where h is the Planck con-
gstant and i is the frequeney of the wave. The
experiment that gave the final confirmation of
the validity of thiz hypothesis was the Compton
seattering experiment.

The Compton cffeet was diseovercd by Arthur
H. Compton in 1923, In his experiment, Comp-
ton irradiated a carbon target with an intense
eollimated beam of monochromatie molvhbde-
num K, X-rays and observed the wavelengths
of the seattered X-rays as a funetion of angle.
The wavelengths were measured precisely by us-
ing high-resolution X-ray spectrometry based on
the Brage angle for reflection of X-rays. Comp-
ton found that the radiation seattered through
a given angle consisting of two ecomponents: one
whose wavelength is the same as that of the pri-
mary incident radiation, while the other shifted
relative to the ineident wavelength by an amount
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FICG. 1: Elastic scattering of photon by a free elec-
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that depends on the angle. This is inconsistent
with classical theory, where only the intensity
varies as funetion of (1 + eos® #) and the wave-
length is not shifted. Compton was able to ex-
plain the dependence on wavelength by treating
the incoming radiation as a beam of partieles
of energy her with individual photons seattering
clastieally of individual cleetrons.

2. THEORETICAL DISCUSSION

2.1. The Compton Wavelength Shift

The Compton wavelength shift ean be derived
very simply from relativistic kinematies. Con-



gider the situnation shown in Figure 1. In an
clastie collizion, momentom as well as energy is
conserved, and using this fact, one can derive
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where F and E° are the energies of the photon
before and after the eollision respectively. Treat-
ing the quanta of light as particles, we have thus
arrived at a result which shows that light loses
energy upon being seattered clastically by an
clectron. Photons alzo underro Compton seat-
tering by nueled, but the shift in wavelength is
very small sinee an atom is many thousands
times more massive than an electron. The quan-
tity hfmg,e = 2.4 x 107 10emn is ealled the Comp-
ton length; it is the wavelength shift when the
seattering angle is 907,

2.2, The Scattering Cross Section

Classieally the differential eross section for the
seattering of radiation from eleetrons is given by:
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Here, rp i8 the elassical eleetron radius, 2.82 =
107" pm. This relation ean be easily derived
by considering a lincarly polarized plane wave
incident on a charged particle. When integrated
over all solid angles, we get the Thomson cross
seoLion:
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The classical derivation takes into account nei-
ther the reeoil of the eleetron nor the relativistie
effeets nor the quantum cffeets. A full quan-

tum ficld theoretic derivation (from [1]) yields
the Klein-Nishina formula:
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Here, v = he/m.e?. By integrating the dif-
ferential eross seetion given above over all solid
angles, we et the following result for the total
ErOss Seetion:
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The Klein-Nishina eross seetion takes into ac-
count the cleetron recoil factor, relativistie
quantum mechanies, and the interaction of the
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spin and magnetic moment of the eleetron with
cleetromagnetic radiation.

3. EXPERIMENTAL OBSERVATION OF
THE COMPTON SHIFT

A diagram for our arrangement is shown in
Figure 2. Our apparatns consistz of a beam
of 661.6 KeV y-rays from a 35-mCi Cesium-137
souree, a target which also serves as the deteetor
for reenil eleetrons, and a deteetor of the seat-
tered photons. The range of 662 KeV photons
iz about 100 m in air and 4.7 em in alumimim
(from [2]). So, there is no need to enclose the
deteetor in vacuum or to use a very thin target.
Both deteetors have a seintillator consisting of
a 2" by 2" thallinm-activated sodinm-iodide op-
tically coupled to a photomultiplier. When a
photon hits the sodium iodide eryvstal, it seat-
ters an electron from an iodide ion (beecause it
has a high atomie number) and as the energetie
photoclectron engages in Coulomb interactions
with other electrons and nuelei in the sodinm io-
dide erystal, it loses some of its energy via sein-
tillation light. The intensity of light produeed is
closely proportional to the amount of energry dis-
sipated in the proeess. Therefore, observation of
the pulse-height spectrum from the photomulti-
plicr enables a pood measurement of the energy
of the enerpy deposited.

The outputs from the two photomultipli-
ors, after being amplified and appropriately in-
verted, are checked to see if they are in ecoinei-



FIG. 2: Experimental Setup for observing anpular variation of energy

denee (that iz, if they are with 500 ns of each
other). If so, the multichannel analyzer aceepts
the seintillator pulse, otherwise it is not connted.
This coincidence technique poes & long way in
removing background sipnals and other irrele-
vant signals; without such clectronie tricks, the
pulses produeced by Compton seattering would
be buried in the background.

The ealibration measurcments was done using
a sodinm-22 souree placed halfway between the
target deteetor and seatter deteetor. Na®? gen-
erates a pair of 511-keV photons traveling in the
opposite dircetion. We used this fact to ensure
that the coincidenee logie was working correctly.
Our next step was to open the howitser for the
662 KeV v-rays. Then, we moved the seatter de-
tector to varions angles to determine the angular
variation of the photon energy. A sample pulse-
height spectrum for a seattering angle of 907 is
shown in Figure 3. As 18 shown for 8 = 007,
we want to take the median energy for the peak
for a range of angles and thus find the anpular

FIG. 3: Pube-height spectrum for 8 = 907

distribution of the photon energies. For us, this
plan went well for the larger values of the seat-
tering angle (with, correspondingly, low photon
cnergics). But for @ < 45°, we eould deeipher
no clear peak in our data. For example, in Fig-



