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



Gamma Ray Spectroscopy

Gamma Rays?

High-frequency electromagnetic radiation.

Typical visible light frequency:

=¢/A=(3 x 108 500 x 109 m), 3]
v=c/A=(3x m/s)/( X m) '0’ \,‘\
v =6 x 10 s1(600 THz). ( | A

Typical gamma ray frequency: v > 10° st
2> A<c/10PP st 2> A< 3x10 m, or A <30 pm.

Energy for A = 30 pm is ~40 keV, so typical gamma ray energies exceed ~50 keV
(almost always < 10 MeV).

Note overlap between gamma ray and X-ray energies (e.g., 140 keV). X-rays are
emitted by electrons outside the nucleus, while gamma rays are specifically emitted
by the nucleus (that is, produced by gamma decay).

Gamma rays are produced by sub-atomic particle interactions such as electron-
positron annihilation, neutral pion decay, radioactive decay, fusion, fission or inverse
Compton scattering in astrophysical processes.




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.




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.




Linear attenuation coefficient for lead
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Photoelectric effect
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Photoelectric effect: A “gamma ray” photon can transfer its energy to an atomic
electron and eject it from the atom by the photoelectric effect

The electron ejected from the atom (the “photoelectron”) ends up with a kinetic
energy equal to the incident gamma photon’s energy minus the binding energy of
the electron. The gamma photon’s energy is completely converted, and there is
no residual photon.

Photoelectric effect dominates the energy loss mechanisms gamma rays (and x-
rays) with energies below 50 keV; importance falls off at higher energies.




Compton Scattering of gamma rays

Compton scattering: A Compton scattered gamma ray ejects an electron from an
atom; in contrast to the photoelectric effect, Compton scattering results in a re-
emitted gamma ray photon at some lower frequency and in a different direction.
Based on energy dependences of the various gamma ray interactions, Compton
scattering dominates for gamma photons in the energy range 100 keV to 10 MeV.

Compton scattering depends weakly on the atomic number of the absorbing
material, so while very dense shield material enables thinner shields, areal mass is
the primary consideration in shielding.




Sodium lodide scintillator + PMT
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Photomultiplier Tube (PMT)

Photomultiplier tube (PMT): a PMT works on the principle of the photoelectric
effect, in which an incident photon with sufficient energy frees an electron from a
photocathode. PMTs multiply the current from incident light by as much as ~100 x
10° (gain), and can be used as single-photon detectors for very sensitive photon
counting applications.

Gain in a PMT follows from secondary emission, in which an energetic electron
impacts an electrode, thereby freeing another electron to contribute to the
current. The electrons are accelerated from electrode to electrode (called
dynodes), and it is from this multi-state process that amplification (gain) occurs.
PMTs can detect light in the ultraviolet (UV), visible (Vis), and near-infrared (NIR)
spectral regions.

Typical PMT (end-
on) detector.

Detector end
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