Gamma ray spectroscopy: Attenuation
of gamma photons and positrons

Week of Feb. 8, 2010

Y

Modern Physics Laboratory
(Physics 6180/7180)

The University of Toledo
Instructor: Randy Ellingson



Error (uncertainty) analysis -- revisited
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Error (uncertainty) analysis — example using Activity of 24! Am source
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In quadrature, if these errors are uncorrelated:
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Error (uncertainty) analysis — multiple value r.m.s. approach

Another approach to evaluating the uncertainty relies on a straightforward calculation of the
root mean square and the standard deviation. In the case of your Activity measurements,
you could compute the RMS value as well as the SD. You should still assess your uncertainty
through error propagation, as the uncertainty may very well exceed the SD.

Definition of the root mean square from Wikipedia:

“...the square root of the arithmetic mean (average) of the squares of the original
values...”

In the case of a set of n values x,, x,, ... x,, the RMS value is given by:
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Gamma Ray Spectroscopy

Gamma Rays
Photons!
High-frequency electromagnetic radiation.

Typical visible light frequency:

v =c/Ak = (3 x 108 m/s)/(500 x 10 m),

v =6 x 10 s1(600 THz, or
0.6 PHz (petahertz)).

Typical gamma ray frequency: v > 10 s, or v > 10 exahertz.

2A<c/10P st > A< 3x10 m, or A <30 pm. Size of an He atom =32 pm.

Paul Villard, a French chemist and physicist, discovered gamma radiation
In 1900, while studying radiation emitted from radium. Alpha and beta
"rays" had already been separated and named by the work of Ernest
Rutherford in 1899, and in 1903 Rutherford named Villard's distinct new
radiation "gamma rays."

Note: some images from Wikimedia Commons: http://commons.wikimedia.org/wiki/Main_Page



Gamma ray interactions with matter

Gamma Ray — matter interaction

When a gamma ray passes through matter, the probability for absorption in a
thin layer is proportional to the thickness of that layer. This leads to an
exponential decrease of intensity with thickness.

| (d) =1,

Here u = no is the linear attenuation coefficient (an absorption coefficient),
measured in cm™, n the number of atoms per cm?3 in the material, o the
absorption cross section in cm? and d the thickness of material in cm.

Note: the probability that a particle will travel no farther than distance d is
given by 1-e™d,

1 depends on both the gamma ray energy as well as the atomic number of the
absorber.




Na-22: Source for positrons (antimatter for the electron
Positron = 3*, discovered by Carl Anderson, 1932

In beta plus decay, a proton is converted, via the
weak force, to a neutron, a positron (also known
as the "beta plus particle", the antimatter

counterpart of an electron), and a neutrino.

Positron erission
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Decay Scheme for Cs-137
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Gamma Ray Production: Co-60
DCo—>%Ni +e +v, (B decay)

60 NJ:* 60N o
s INL = N1+7,+7,  (y emission)

$7Co
5.62yr ——U3LMeV 5
L17MeV v In B~ decay, the weak interaction converts a
neutron (n) into a proton (p) while emitting an
electron (e”) and an electron antineutrino (v ):
1.33 MeV vy n—>p+e + ve
SaNi

Note: some images from Wikimedia Commons: http://commons.wikimedia.org/wiki/Main_Page



Pair production?
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Nucleus Electron (&7)

Sodium-22 Neon-22 + positron + gammaray + neutrino ,‘ »
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]
Positron (&™)

What is the minimum photon energy required
to produce an electron-positron pair?

Positronium

Positronium: a system consisting of an electron and positron, bound together
and orbiting one another. The orbit of the two particles and the set of energy
levels is similar to that of the hydrogen atom (electron and proton), with a
significantly smaller mass — associated spectral lines are less than half of those
of the corresponding hydrogen lines.



Positron (the 1983 video game)
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Health Effects of Gamma Rays

Gamma Rays — Health Effects

A health hazard since they result in ionization when interacting with living tissue
(ionizing radiation).

Effects of ionizing radiation on living tissue depends on the amount of energy deposited
rather than the charge generated in ionization. Total energy deposited is the absorbed
dose:

The gray (Gy) has units of (J/kg) and is the Sl unit of absorbed dose: given by the
amount of radiation required to deposit 1 joule of energy in 1 kilogram of any kind of
matter.

Equivalent dose? Measures the biological effect of radiation on human tissue. For
gamma rays, how does the equivalent dose differ from absorbed dose?

Shielding: Large amounts of mass. Most important: the total “areal mass density” in
the path of the gamma rays. Pb shields only slightly better (20-30%) than an equal
mass of another shielding material.

Note that the density (p) of lead is 11.35 g/cm3; p = 0.95 g/cm3 for polyethylene.
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