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1 Compton Scattering Description (COM)

1. Note that there is NO eating or drinking in the 111-Lab anywhere, except in rooms 282
& 286 LeConte on the bench with the BLUE stripe around it. Thank you – the Staff.

When photons collide with electrons they give up some of their energy, and their wavelengths are thus
increased. In addition, the photons are scattered out of their original direction of motion. This phenomenon
is called the Compton Effect, and is described with an equation relating the energy loss of the photon to the
scattering angle. In this experiment, X-rays emitted from a radioactive Americium source are scattered by
atomic electrons in an aluminum target. You will measure the energy loss vs. the scattering angle to cross
check the classical equation and the Klein-Nishina distribution.

The experiment offers a good introduction to X-ray detection and measurement, with emphasis on semi-
conductor detectors. You will learn how to use a pulse height analyzer, and how to work safely around
radioactive materials.

For this experiment, after the initial calibrations of the apparatus, you can set up a run and leave the
equipment operating during the lab period, collect your data at the end of the day, before setting up an
overnight run. You do not have to be in the lab all the time. Since you must keep your calibrations the
same once you have set them, you should schedule this experiment on consecutive days, and you will need
at least one over-the-weekend run.

1



1. Pre-requisites: None

2. Days Allotted for the Experiment: 7

All pages in this lab. Note To print Full Lab Write-up click on each link below and print
separately

I. Compton Scattering (current page)

This lab will be graded 20% on theory, 30% on technique, and 50% on analysis. For more information, see
the Advanced Lab Syllabus.

Comments: E-mail Winthrop Williams

2 Compton Scattering Experiment Photos

Figure 1: Aluminum Reflector Rods
Click here to see larger picture

Figure 2: X 1-2-3 X-Ray Detector and Source
Click here to see larger picture

Figure 3: Lead-Shielded Box for
the Compton Apparatus.

Click here to see larger picture

Figure 4: Lead-Shielded Box Interior
with Compton Apparatus.

Click here to see larger picture
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3 Before the 1st Day Lab and Standard Operating Procedure,
SOP's for Compton

Complete the COM Pre Lab found in the Signature Sheet for this lab. Print the signature
sheet, discuss the experiment and pre-lab questions and answers with any faculty member or
GSI, and receive their signature. In the course of the lab there will be examination points
where you must STOP and get a GSI or professor to verify your understanding and/or verify
proper experimental setup. You cannot skip these checkpoints, and must receive signatures
demonstrating that you've consulted the sta�. Some experiments may have mid lab questions
that must be completed by speci�c days of the experiment. The completed Signature Sheet
MUST be submitted as the �rst page of your lab report. Quick links to the checkpoint
questions are found here: 1 2 3 4 5

1. Note: In order to view the private YouTube videos hosted by the university, you must be
signed into your berkeley.edu Google account.
View the two videos Compton Scattering and \Light Sources and Detectors" .

2. View the \ Radiation Safety Video ." After watching the video in the 111-Lab, get a pink Radiation
Safety form from a 111-Lab sta� person. Fill it out & sign the form for getting a Radiation Ring .

3. Now complete theRadiation Safety Training. After completion of the training turn, in all
forms to a GSI or one of the 111B sta�.

4. View the Introduction to Error Analysis Video and Error Analysis Notes .

5. Read theStandard Operating Procedures (SOP) for this lab before starting.

6. Last day of the experiment please �ll out the Experiment Evaluation

Suggested Reading:

1. Melissinos, A. \Compton Scattering" pp. 252-265 and pp. 369-384 ." Experiments in Modern
Physics. Academic Press. 1966. #QC33.M4 and or [pp. 369-384 in second ed.] #QC33.M52

2. Knoll, G.F. Radiation Detection and Measurement. Wiley, 1979. Ch.2, Ch.3, and Ch.10 for a good
description of general detection principles, and semi-conductor detectors; and the \Compton E�ect"
article attached to this lab manual.

(a) Ch.2 Radiation Interactions

(b) Ch.3 General Properties of Radiation Detectors

(c) Ch.10 Radiation Spectroscopy with Scintillators

(d) Ch.11 Semiconductor Diode Detectors

(e) Ch.12 Lithium-Drifted Germanium Detectors

More References

You should keep a laboratory notebook. The notebook should contain a detailed record of everything that
was done and how/why it was done, as well as all of the data and analysis, also with plenty of how/why
entries. This will aid you when you write your report.

4 Objectives

ˆ Learn about the Compton E�ect

ˆ Learn the Klein-Nishina formula

ˆ Learn about scattering cross section for quantum scattering
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ˆ Measure the mass of the electron

ˆ Apply error analysis techniques to a data set that you collect

5 Introduction

The scattering of X-rays by electronswas explored by A. H. Compton in the early part of the 20th century.
The reduced frequency of the scattered photon is fundamental evidence for the proportionality of energy to
the frequency of light, and for the relativistic kinematics of electrons. In 1929 Klein and Nishina calculated
the angular distribution of Compton scattering from free electrons in one of the �rst applications of quantum
electrodynamics (QED). The Klein-Nishina gives the probability, the di�erential cross section, that a photon
will be scattered into a given solid angle. Today, when applied to electromagnetic processes 50 million times
more energetic, QED predictions still appear to be borne out.

Your goals for this lab are to observe and analyze Compton scattering and to learn something about semi-
conductor detectors. You will use your Compton scattering data to compare the observed energy shifts
with the theoretical predictions, to determine the mass of the electron, and to attempt a veri�cation of the
Klein-Nishina formula.

6 Theory

The Compton scattering process consists of a photon scattering o� of a (free) electron. The scattering
formula is

� 0 � � =
�

h
mec

�
(1 � cos� ) = � c(1 � cos� ) (1)

where � 0 is the wavelength of the scattered photon,� is the wavelength of the incident photon, � is the
scattering angle, and� c is the Compton wavelength of the electron, equals to 2426 fermi (2426� 10� 15). By
comparison, the wavelength of a 59.54 keV X-ray is 20824 Fm. You will need to convert the wavelength of the
scattered photon into energy, which is measured by the detector. You should derive the Compton formula,
but do not include it in your report. Rather, explain where it comes from, including any conservation laws
and assumptions that are used.

The scattered X-ray energy may deviate from this prediction by roughly 1 part in 1000 if the electron from
which it scatters is a bound valence electron. Can you explain why this is so?

7 Apparatus

All the apparatus comes packaged together in one box

1. Amptek CdTe detector (3 � 3 � 1 mm3)

2. Detector Pre-ampli�er

3. Digital pulse processor

4. Detector and pre-amp power supply

User manuals and other information on the X-123 Detector

ˆ X-123 Ampli�er Detector Quick Start Guide

ˆ X-123 Ampli�er User Manual

ˆ DP5 Programmer's Guide
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ˆ DP5 Quick Start Guide

ˆ DP5 User Manual

If you have any problems with the apparatus see Dr Winthrop Williams

7.1 Source

This experiment uses an241Am (americium) at 130� Ci radioactive source to provide the photons for scat-
tering. The source is located in the lead box below the bench on the 
oor. Leave the source in the plastic
box, in which it is contained. When working near the source, you must wear your radiation ring, and when
handling the source you must wear vinyl gloves. Please remember toremove the gloves before touching
anything else or you will defeat the purpose of the gloves! Place the source at the height of the detector
roughly 15cm away from the detector.

Figure 5: Americium Source on Stand

Figure 6: Am-241 Source in Place on its Holder

Remember: Only move the detector, not the source! Just change angles, etc.

The source is made by placing a small amount of radioactive Am material inside an aluminum holder as
shown. There is a lead backing behind the material that strongly attenuates the number of photons emitted
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at greater than 90 degrees in either direction of the source-end; radiation e�ectively is only emitted from the
source-end (the side opposite the screw).

There is an energy level diagram of Am posted in the Compton experiment area. (There are more transitions
possible than the strongest ones, which are listed below.)

Energies and branching fractions of X-rays from 241Am

13.5 keV 12.8%

17.3 keV 22.4%

20.9 keV 6.2%

26.3 keV 2.8%

59.54 keV 40%

7.2 CdTe Detector

The CdTe detector detects X-rays primarily by what means?In your laboratory report you should brie
y
explain how the energies of the X-rays are registered by the detector and then converted into the voltage
pulses that are accumulated by the multi channel analyzer (MCA). Note that while the detector is protected
by a 1.5 cm cap, it is actually only 3 � 3 mm in size and 1 mm thick. It is placed behind the 100� m thick
Be window which sits 1.5 inches from the cap.

For information on the spectrometer system, see theDp5 User Manual and Knoll's Radiation Detection
and Measurement.

The X-ray detector is mounted on the 1.5 in extender and is coupled to a charge sensitive preampli�er. The
output of the preamp is sent to the DP5 digital pulse processor which implements functions such as pulse
shaping, pulse selection logic, pulse counters, a multichannel analyzer, and interfaces for data acquisition and
control. The detector and preamp power supplies are housed together with the detector itself. It requires a
+5VDC input and supplies the necessary voltages to the preamp.

Figure 7: Block Diagram for the Compton Scattering Apparatus

A photon striking the detector generates an output current pulse, which is turned into a voltage pulse and
ampli�ed by the pre-amp and ampli�er systems. The DP5 digitizes the analog signal from the preamp,
performs pulse shaping and pulse selection logic, determines the amplitude of the pulses and allocates this
value to a histogram. The counts are binned in a channel corresponding to the detected energy. This
produces the spectrum which is displayed on the computer. The Amptek ADMCA program allows you to
choose from 256 to 8192 channels and the width of each channel will be approximately your full scale energy
divided by the number of channels. In the experiment you should adjust the parameters so that you obtain
an optimal full scale energy range.

Checkpoint Optimal Energy Range: " Why? What happens if your full scale energy range is
too large or too small? How will you judge when you have obtained an appropriate range?

6



It takes a �nite amount of time for the PHA unit to sense a pulse, determine its height, place it in the proper
channel, and then set up for sensing the next pulse. Pulses that arrive too closely together in time cannot
be distinguished and yield problems withPHA Dead Time. However, the rates for this experiment are low
enough that this should not be a problem.

Understanding some basics of the DP5 digital pulse processor helps with optimizing the system con�guration
(that is, to get the best resolution for the energy peaks). See the manual for details. You might have to
change some parameters for the pulse shaping, gain, thresholds, etc, to optimize your data acquisition. For
example setting a low peaking time results in higher count rates attainable by the detector, but results in
lower accuracy when determining the photon energies. A high peaking time does the opposite (lower count
rates, more accuracy). However, for our Americium source, this rate is low enough that it is not necessary
for us to use a low peaking time, and it is accurate enough that you don't need to use the high peaking times
(otherwise it takes much longer to obtain usable data). [Note: As of July 2011, set the peaking time to 4.8
� s, 
at top width to 0.2 � s, fast threshold to 25.] Again, you will �nd this information in the manual.

SeeError Analysis Notes for further computer information.

The detector electronics are already in place but may need to be connected; so check the cables. The
equipment is easily damaged, expensive, and time-consuming to repair or replace. Thus, ask for help if you
do not understand something!

Keep the following in mind: The red polyethylene safety cap should never be removed from the detector
face!

7.3 Scattering Apparatus

The main components of the Apparatus consist of the241Am source, the Amptek X-123 CdTe detector, and
the �ve (5) aluminum rods of various sizes. Each rod is about 8-cm-long, and is screwed onto a low-mass
rod that in turns can be screwed onto the steel plate base.(Be careful not to over tighten the rods,
you can break the low mass rods). The detector and the source sit about 10.5 cm above the surface
such that they are placed midway the height of the target. The241Am source is removable and is kept in its
plastic case inside a lead box when not in use. The source mounts on top of a steel holder which is held in
place by a post on a magnetic base. The same goes for the detector. These bases can be secured in position
by turning on/o� the magnets that hold the bases to the steel surface. The detector mount can only be
translated radially while the source may be displaced radially and rotated about the aluminum target. The
surface of the set-up have markings which allow you to determine the scattering angle� .

7.4 Radiation Shield

Located inside the lead-lined box is a movable radiation shield whose purpose is to block the source from
the detector. Without this shield obstructing the source, the detector would register far more counts than
otherwise and completely obscure the scattering phenomenon. When manipulating the shield, PLEASE DO
NOT UNSCREW ANY PORTION OF THE SHIELD. The shield can be moved by turning the switch on
the bottom to the right, and can be locked into place by turning the switch to the left. The height of the
shield can be adjusted by turning the adjustable knob on the side.

Checkpoint Apparatus Safety: " Stop! Call a GSI over and demonstrate your understanding
of the apparatus and all the appropriate safety procedures you will follow when dealing with
it.
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