LABORATORIO DE FiSICA DAS RADIACOES E ATOMICA
Mestrado Integrado em Engenharia Fisica Tecnologica

DIFUSAO DE COMPTON

1. OBJECTIVO

O objectivo deste trabalho ¢ o estudo das propriedades da difusdo de Compton, nomeadamente da
energia do fotdo difundido E'y em funcdo do angulo de difusdo 0, bem como da seccdo eficaz
diferencial em fung¢do do angulo: do/dQ =1f(8).

Usa-se uma mesa com coordenadas polares com um difusor cilindrico no seu centro ¢ um
espectrometro simples, formado por uma fonte blindada de grande actividade ", emissora de raios vy ,
e por um detector, também blindado, de iodeto de soédio activado por talio, Nal(Tl), com
fotomultiplicador acoplado, ao qual se segue a cadeia electronica normal: gerador de alta tensdo
(regulado a 900 V), pré-amplificador e amplificador de tensdo, e analisador multicanal (este inserido
em PC com software de aquisi¢cdo de dados).

As diversas partes do trabalho sdo:

* Prévia elaboragdo de uma tabela, a trazer para a aula, com os valores calculados da sec¢édo
eficaz de Klein-Nishima (em barn) para os seguintes angulos de difusdo: 0°, 10°, 20°, 30°, 50°,
70°, 90°, e consequente estimativa dos tempos de aquisi¢do (para total = 1 hora).

» Analise dos espectros de energia resultantes das fontes de **Na e de >’Co.

+ Calibragdo em energia com o auxilio de 3 fontes: *’Co , *Na e "’Cs . Devem utilizar-se as
energias de referéncia de 122, 511 e 662 keV.

* Estudo da energia do fotdo difundido E’y em fun¢@o do angulo de difusdo 0 . Obtencdo da massa
do electrdo.

* Estudo da secc¢do eficaz diferencial do/dQ2 em fungdo do dngulo de difusdo 6. De modo a obter
precisdo suficiente ¢ necessario :

*  Medir as areas dos picos através de ajustes
* Fazer aquisi¢des com e sem difusor, no caso dos pequenos angulos.

Comparagdo com os valores teoricos das secgoes eficazes de Thomson e de Klein-Nishima.

NOTA:

> 0 docente alertara na aula para os cuidados a ter com fontes de grande actividade.
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EXPERIMENT ©

EXPERIMENT 9.1
The Measurement of Ey' vs 6

Discussion

The Compton Scattering apparatus that will be used
for this experiment is shown in fig. 9.4, The distance R, in
the figure is about 20 cm. For the purpose of this discus-
sion, let us assume that the "’ Cs source has an activity of
10 mCi. The intensity (1) of photons at the aluminum
scattering cylinder is then:

_10x107° Cix 37 x 10"

I 2
4 7 (20 cm)

d/s (10}

=7.36 x 10* y’s/cm®s

As we will see, this intensity of y's at the scattering
sample will give a ¥’ counting rate in the movable detec-
tor that is barely adequate to measure a pulse height
spectrum in a time of S minutes. The pointhere is that the
¥7Cs needs to have an activity of from 10 to 30 mCi for us
to be abls to complete this experiment in a two hour
laboratory period.

Caution: Sources of this activity should be loaded into
the lead housing by the instructor using tongs, or special
handling rods, that are provided by the "’Cs source
manufacturer. Once the source has been loaded in its
housing, it can safely be used by the students following
the procedures outlined by the instructor.

Experimental Procedure

1. Use the techniques that were outlined in Experiment
2 Nal(T®) spectroscopy to calibrate the MCA. The ¥'Cs
gamma should appear in approximately channel 350.
Other sources that can be used for this calibration are
#Na, *zn, ®Co and *'Co. Plot the energy vs channel
number from the data points.

2. Determine the resolution of the detector for all of the
gamma lines for the above source that is used.

3. Place the 2 inch diameter Aluminum Scattering Rod
in the scattering position. Set the movable detector at an
angle of 20 degrees and accumulate a spectra for a
period of time long enough to obtain a (2-8) of 3000
counts in the photopeak. Record the time, calculate (Z-
B/ and enter this figure in Table 9.1. From the calibra-
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Figure 9.4. Plan view of Compion scattering apparatus showing the electronics for measuring Ey' vs 4.



tion curve determine Ey’ and record it in the table.
Repeat the measurement for the rest of the angles in the
data table.

From eq. (8), calculate Ey’ for all of the
angles listed in Table 9.1. Fill in 1/Ey’ (theory) and the
{1-cosé) entry in the table. On a piece of linear graph
paper, plot 1/Ey’ (theory) y axis vs (1-cos#). From eq. (8),
it can be seen:

1 1 1

=— %

Ey' Ey mec

3 {1-cos8) (10}

This equation is of the form:

1 1
m = =

== =1.96 MeV"'
mac?  0.511MeV

The “thecry” plot of 1/Ey’ vs (1-cos#) should therefore be
a straight line.
Use 48 chonto maake a
,ﬁ»t the measured (1/Ey’) points -

o with the estimated error bars for 4/Ey”
Figure 8.5 shows typical experimental results.

It should be noticed from the experimental data (cn fig.
9.5) that the fundamental rest mass {m.) can be deter-

y=mx+b (11} mined from the graph. Instead of plotting the straight line
h theory on the figure, fit a straight line to your experimen-
where tal points. The experimental slope thus obtained is
_ {1/my¢?). This simple experiment thus yields one of the
y Ey’' most fundamental quantities in nuclear science “the rest
mass of the electron.”
Table 9.1 Data Table for Compton Scattering: Ey’ vs 4, and (do/d{1) compion
d") (Aﬂ_ 2
Peak (ﬁ) an ar/ | €y Mev
Run No.| Channel | 8§ Degrees | Ey’ (Calculated) | Ey’ (Measured)|\ t / [Measured | Theory | Theory {1-cos8)
1 20
2 40
3 80
4 80
5 100
6 120
7 140
3 160
50 L
| B
£
40 )E*/
EXPERMAENTAL I ]
- POINTS AT stopEs !
z 30 i T e
E — (THE REST MASS OF THE ELECTRON |
- /‘I‘ CAM BE OBTAINED FAGM THE SLOPE)
T T/"—F
24
Figure 9.5. Experimental *f‘/
verification of the Compton 3
scattering equations
{see eq. 10). 10
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EXPERIMENT 9.2
The Differential Cross Section
for Comptons Scattering

Discussion
The theoretical scattering cross-section for the Comp-
ton Interaction can be written (see refs. 2 and 3):

(ﬂ :Ef[ 1+ cos’a ]
dn 2 L{t+y (1-cos®)]? (12)

o1+ ¥ (1-cos8)® cm?
(1 + cos?@) {1 + y(t-cos8)]| Sr

where

y =—=X_=1.29 for the 0.662 Ey from "'Cs
meC

and
fo = 2.82 x 107" °cm (classical electron radius)

Figure 9.6 shows a plot of eq. (12} as a function of 8. In
this experiment, the measured data points from Table 9.1
will be compared to this theoretical expression.

Exercise A The data for this experiment was collected
in experiment 9.1. It was recorded in Table 9.1 as (Z-5/t)
for Ey'".

Figure 9.7 shows Ey” at § = 60 degrees. At largerangles
Ey' decreases in accordance with eq. (10). At 130
degrees Ey’ would be 211 keV. The values of (Z-8)
recorded in Table 9.1 have to be corrected for the intrin-
sic peak efficiency of the detector. The student should
review Experiment 2 for this procedure. The corrected
sum is given by:

Dones % F) 0

where ¢, is the intrinsic peak efficiency for Ey".
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Figure 9.7. Nal{T?) pulse height spectrum of Compton
scattered gammas at 6= 60 degrees from 'Y Cs. (Note: A1 =0
degrees, the scattered peak would have the full energy of the
¥7Cs gource 662 keV).
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Figure 9.6. Theoretical Compton scattering cross-section vs angle.
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Der Geratesatz Comptonstreuung dient zur qualitativen und
quantitativen Beobachtung des Comptoneffektes. Die
Comptonstreuung beleuchtet insbesondere den Teilchencha-
rakter der y-Strahlung und spielt daher als grundlegendes Ex-
periment der Quantenmechanik eine wichtige Rolle im Dualis-
mus Welle - Teilchen. Mit dem experimentellen Aufbau lassen
sich die Wellenlangenanderungen der gestreuten y-Strahlung
in Abhéngigkeit vom Steuwinkel sowie deren Intensitat bestim-
men. Damit ist dann auch der differentielle Wirkungsquerschnitt
der Messung zugénglich.

1 Geréatebeschreibung, Lieferumfang, technische
Daten (siehe Fig. 1)

@ Probenhalter @i 12 mm, mit Kollimator
@ Detektorhalter mit Bleiabschirmung
@ beweglichle Zusatzabschirmung

@ Aluminiumstreuer

(® Experimentierplatte mit Winkelskala und Polarkoordinaten
Zu@® Probenhalter als Bleiziegel mit zentrischer Bohrung

@i 12 mm, zur Aufnahme der radioaktiven Praparate
vorbereitet; zusatzliches Sackloch, zur Aufnahme ei-
nes der mitgelieferten Stahlstifte als Richtungszeiger
fur die Kollimatorbohrung

Detektorhalter mit Bleiabschirmung ergibt definierte
Eintrittsrichtung der y-Strahlung, ausgelegt auf den
Szintillationsz&hler (559 90) in Verbindung mit der De-
tektor-Ausgangsstufe (559 91),

zusatzliches Sackloch, zur Aufnahme eines der mitge-
lieferten Stahlstifte als Richtungsanzeiger fur das De-
tektorfenster

bewegliche Zusatzabschirmung, Bleiziegel dient ins-
besondere bei kleinen Streuwinkeln und geringen Ab-
stdnden Quelle - Streuer - Detektor zur Reduzierung
der Intensitat der ungestreuten y-Strahlung.
Aluminiumstreuer, zylindrischer Reinaluminiumstab
als Streuzentrum.

Zu®

Zu®

Zu@

r
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Instruction Sheet

Geratesatz Comptonstreuung
Apparatus Set Compton

Fig. 1

The Compton scattering equipment set makes possible qualita-
tive and quantitative observation of the Compton effect.
Compton scattering illustrates the particle character of y radiati-
on particularly well, and thus plays an important role as an intro-
ductory experiment to quantum mechanics and the dualism of
wave and particle. The experiment setup allows you to measure
the changes in the wavelength of the scattered y radiation as a
function of the scattering angle and intensity. This in turn per-
mits determination of the differential effective cross-section.

1 Equipment description, scope of delivery,
technical data; (see Fig. 1)

@ Sample holder, i.d. 12 mm, with collimator

@ Detector holder with lead shielding

® Moveable additional shielding

@ Aluminum scatterer

(® Experiment panel with angular scale and polar coordinates

(@ Sample holder as lead block with centered hole, 12 mm
dia., for accommodating radioactive preparations.
Additional blind hole for inserting one of the steel pins (in-
cluded in scope of delivery) as directional indicator for colli-
mator hole.

Detector holder with lead shielding for defined direction of
incoming y radiation, designed for the scintillation counter
(559 90) in conjunction with the detector output stage

(559 91).

Additional blind hole which for inserting one of the steel
pins (included in scope of delivery) as directional indicator
for detector window.

® Moveable additional shielding: lead block serves to reduce
the intensity of unscattered y radiation, particularly for small
scattering angles and short distances between source,
scatterer and detector.

Aluminum scatterer, cylindrical pure aluminum rod as center
of scattering.
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