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counts-log scale

The Motivation: Explain Our
Banana Spectrum!
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Banana Radiation Source: 40K
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What Do These Gammas Do?
Yip, p. 217
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Scatter off of an electron
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The Photoelectric Effect

Turner, p. 174
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A Primer on Photon Quantities

E=hv=hw= % v = f (notation choice)
h m4kg
p == h =6.626 x10734
A sec

h m
w = 2TV h = — c = 299,792,458 —
27T S
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The Work Function ¢,

. H. B. Michaelson. “The work function of the elements
and its periodicity.” J. Appl. Phys. 48, 4729 (1977)
The—""
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Compton Scattering

Turner, p. 179
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Wavelength & Energy Shift

Electron recoil energy

ﬂh:h"—hzc(l—l):i(l—cnsﬂ} T=hv-h
v mc
1—cos#
T=hv

mc?/hv +1—cos@

When is the electron recoil energy maximized?
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Compton Scattering Energies

1 1 h
ﬂh:h’—lzﬁ(———) = —(1-cosh)
mc

viov

34
At =T/, AN= " 003 x 10 =243 x10“ m
mc  9.11 x 1031 x 3.00 x 108
For hv =1.332MeV,
, 1.332 MeV
hv' = — (0.238 MeV
0 = 140°: 1+(1.332/0.511)[1 — (~0.766)]
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counts-log scale

Let’s Look at the Spectrum Again
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The Real Quirk of Physics Here...
Constant Compton Edge at High E
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Angular Differential Cross Section:
The Klein-Nishina Formula

. D. Evans. “Compton Effect,” in Handbuch der Physik
XXXV, Tlugge, Ed., Springer-Verlag, pp. 218-298 (1958)

Q0
Describes the probability
of scattering into a given 3
angle X
g
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© Springer Nature. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use.
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Angular Differential Cross Section:
The Klein-Nishina Formula

. D. Evans. “Compton Effect,” in Handbuch der Physik
XXXV, Tlugge, Ed., Springer-Verlag, pp. 218-298 (1958)

A simplified version... and %
the Thomson scattering
(low energy) limit
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Angular Differential Cross Section:
The Klein-Nishina Formula

Yip, pp. 207-209

This leads directly to the . . , : .
Compton Edge shape or ]
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Angular Differential Cross Section:
The Klein-Nishina Formula

Yip, pp. 207-209

This leads directly to the

Compton Edge shape,
which is easily measured
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Pair Production

Photon interacts with the nucleus,
creates a positron/electron pair hv = chz + T+ +T1_

Birth y—ray

positron source
P——

22-Na P4 ~ Doppler shift, AE
diffusion Is proportional to electron

/ 100 um momentum, p,_
Thermalization .
(1 ps) / Remember this

from PAS?
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What Happens to the Positron?

https://www.hzdr.de/db/Cms?pNid=3581
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What Evidence Do We Have?
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Understanding Detectors
Yip, p. 221-222
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Mass Attenuation Coefficients

L= LC + Ut + My
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Cross Sections for Photon

Interactions Vip. p. 216.217

Photoelectric Effect:
ur/p = (NoJA)or, oy~ Z°) (Bw)?  per atom (10.44)

Compton Scattering:
He/p = (No/A) Zog,

oc ~ 1/hw per electron (10.43)

Pair Production:
ue/p = (No/A) ok, 0p ~ ZnQRhw/m.c?) per atom  (10.45)
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What Does y Measure?
Turner, p. 188
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Turner, p. 189
Comparative Mass Attenuations
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