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This allows the amplifier output to faithfully
represent (be proportional to) the gamma ray
energy deposited in the scintillation crystal.

The system is linear! Signal from the detector is
faithfully amplified by the Preamplifier (near the
detector) and the Main or Linear Amplifier (in the
main console).

Stated another way: Voltage at amplifier is

directly proportional to keV deposited in the The Pulse Height Analyzer looks at the

detector amplifier output voltage and classifies the
pulses by height —i.e. energy




The Pulse Height Analyzer looks at the
amplifier output voltage and classifies the
pulses by height —i.e. energy. Only pulses
that fall in the Window count. Others are
ignored in a SCA.

By moving the Window to successively
higher and lower values all the energies
can be measured. This produces a
spectrum of gamma ray energies.

Upper Level

Lower Level

The most dominate part of an energy spectrum is the
photopeak — it corresponds to all the gamma ray
energy being deposited in the detector.

By counting for several minutes a
spectrum is accumulated

Spectrum

A measure of quality of a
counting system is the width of
the photopeak — expressed as
the Full Width at Half Maximum
(FWHM)

9%FWHM = 100(B-A)/ E,

This broadening of the photopeak in
a spectrum is due to the variation in
the number of light photons created
by a gamma ray and by the variation
in the number of photoelectrons
created at the photocathode.

The most prominent part of an energy spectrum is the
photopeak — it corresponds to all the gamma ray
energy being deposited in the detector. But there are
several other features in a spectrum that are related
to the photopeak.

A 100 keV gamma ray will
produce on average 5000 A 1000 light photons will

light photons wi

standard deviation of 5000
because it is Poisson
distributed. l.e the efficiency
of light photon productions
is 0.05.

produce on average 100
photoelectrons at the
photocathode with a
standard deviation of 100
because it is Poisson
distributed. l.e the
efficiency of photoelectron
production is 0.1.

The net result is the overall efficiency to produce a
photoelectron is 0.005. Or stated another way, it

takes a mean of 200 eV to create one photoelectron.

E.g., 2100 keV gamma ray will produce 500  500.
This leads to the spread of the photopeak. It closely
approximates a Gaussian distribution




It may happen that the gamma ray interacts in a Compton event It may happen that the gamma ray is scattered in a Compton
and the scattered gamma ray escapes the crystal and less than event within the patient or shielding around the source and

full energy is deposited. The maximum energy that can remain in reaches the detector and deposits all of its energy in the detector
the crystal is for a scattering angle of 180°. This may produce a — called backscatter. This can result in a distinct peak in the
“Compton Edge”. The part of the spectrum between the CE and 0 spectrum which we call the “Backscatter Peak”. Itis related in
energy is called the “Compton Plateau”. energy to the photopeak by the equation shown.

See Eq. 6.2 and See Eq. 6.2 and
6.3 in Saha. 6.3 in Saha.
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MEICE]

Other Features of Spectra Detection Efficiency

X rays — Many sources have low energy x rays that will also be
detected. E.g. TI-201, Cs-137, even Tc-99m.

- I o Eff = f*f *f*N

X-rays from shielding or collimation — Lead and tungsten are used —Yitp g MM

for shielding and may, depending upon exact geometry, contribute

characteristic x-rays (about 75 and 60 keV respectively) that are T . .

detected. s P Z — f; is intrinsic detector efficiency

lodine Escape peak — The iodine x-ray produced by the ¢ h K eff h ‘
photoelectric interaction with Nal may escape producing a peak with —f i ici I
Ep-28 keV. Noticeable at energies below about 100 keV when P B {e otopea SIS (p oto ractlon)
using Nal detectors. ( See Saha Fig. 8.4)

Sum or coincidence peak - if two gamma rays hit the crystal at the - fg is geometric efficiency

same time the light ad(cés ansd % new (8$um) %eak ig found in ;he

spectrum. E.g In-111 (See Saha Fig 8.5 and Na-24 spectra) : .
Annihilation peaks — If the gamma ray energy exceeds 1.02 MeV NI IS gamma ray abundance’ photon y|8|d
then it can interact in the crystal by pair production and one or both -

of the 511 keV gamma rays may be detected or escape creating (gammas per decay) efﬂuency

peaks at 0.511, 1.02, Ep-0.511 and Ep-1.02 MeV. (See Na-24 and

Zn-65 spectra.

Probability of interaction in Nal at

f, intrinsic detector efficiency 30 and 76 mm thick

Depends on u(A, Z, , E) and detector
thickness, t

http://www.amptek.com/gamma8k.html




f, is photopeak efficiency
(photofraction)

f, is geometric efficiency

Detector surrounds source, Detector subtends Often much
e.g liquid scintillation counter,  —1/2 sphere, 2 less than these
PET camera? 4 two case

Counts in photopeak

Counts in whole spectrum
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