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Introduction to Gamma-Ray Detection
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Goals and Objectives

Goal:

Demonstrate the operation of gamma spectroscopy
instrumentation

Objectives:

1. Discuss basic principles of detectors and electronics for
gamma spectroscopy

Compare types of gamma detectors

3. Operate a germanium detector system
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Detector Parameters

* Resolution: how precisely can the detector determine the gamma ray
energies?

« Efficiency: how many of the available gamma rays are actually
detected?

« Efficiency curve: how efficient is the detector at various energies?

* Dead time: in a given measurement period, how much of the time
can the detector actually respond to gamma rays?
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Energy Resolution
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Energy Resolution

A spectrographic system’s energy
resolution determines how far apart
peaks have to be to be resolved
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Factors that Affect Resolution

» The detector type (Nal, Ge, CZT,...)
» Radiation damage to the detector

» The measurement environment

B Radiation
® Electronic
B Physical (vibrations, temperature, humidity,...)

» Measurement electronics

» Quality
B Settings (pole-zero, baseline restoration, time constants, pileup rejection, count
rates,...)

B Placement (near electronic sources, near other radiation fields, ...)
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Detector Parameters - Efficiency

* 50% efficiency is illustrated here

* Note: relative efficiency is often used; this compares a detector’s
efficiency to that of a 3” by 3" sodium iodide detector
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Detector Parameters - Efficiency

~ W N

Very low energy rays can have difficulty penetrating to the crystal
Moderate energy rays are generally fully absorbed

High energy rays can go through the entire crystal

Larger detectors have better high-energy efficiency

Efficiency
(relative response)
w

Energy
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Electronic Dead Time

Incoming Pulse Train
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Component ready to
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Component now busy processing first pulse and the
following pulse is therefore LOST.
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Electronic Dead Time

» The system requires a small time period to recover after producing a gamma
pulse

B Detector dead time — >0.5 us
B Electronics dead time — ~20 to 30 us

P At high input rates, this can lead to significant total dead time - >50% is
undesirable

» 100% dead time is possible; “saturated detector”
» Counting in “Live Time” corrects for the time lost to dead time

» Live Time mode extends the count time for every time unit in which the
system is experiencing dead time
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Electronic Dead Time

1 S

Low input rate; little or no loss of pulses

High input rate; frequent loss of pulses
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Detector Technologies

« Scintillators
« Sodium lodide (Nal)

» Lanthanum Bromide (LaBr3)

« Semiconductors

« Cadmium Zinc Telluride (CdZnTe)

* High Purity Germanium (HPGe)
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Photoelectric
Interaction Photo-electron
GamLma ‘ ionizations
rl/\/\/\ /
/
Ge

igh Purity) Germanium Detector

Step 1:
Gamma-ray causes ionization (electron-hole pairs)
proportional to energy deposited

Step 2:
Electrons move toward the positive side of the detector
while holes move toward the negative side.

Step 3:

[™~——__ The charge burst is converted into a
% voltage pulse by a preamplifier. The
pulse is proportional to the energy of
the gamma ray.
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Germanium Detectors

There are two contacts on the detector, and a high voltage is applied.

_

=_ -
AN

Planar detector; better

resolution, lower efficiency Coaxial detector; lower
resolution, better efficiency
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Germanium Detectors

* The output pulse from the crystal has to be amplified and shaped

* |t is then sent to the spectrographic software to be binned into a spectrum
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Germanium Detectors

Effect of Neutron Damage

* Best detector for identifying an unknown [ v
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From Voltage Pulses to a Spectrum

The Multi-Channel Analyzer (MCA) electronically sorts voltage pulses of different
amplitudes into “bins” which correspond to the energy deposited by each
detected gamma ray. This forms a pulse-height or gamma ray energy spectrum.
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Comparison of Oscilloscope and MCA
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Energy Calibration

Known
T Gamma
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Energy accuracy to about 0.5 keV usually possible
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» HPGe and LaBr3
have very linear
calibrations with
small offsets (B)

» Nal has an
approximately
linear calibration
with a larger offset




Amplifier Pole-Zero (PZ) Compensation

» Located at input of amplifier

» Matches impedance of the amplifier to the impedance of the detector

Scales

» PZ adjustment is the
first step in attempting to
correct bad resolution
and asymmetrical peaks

» Poor PZ settings can
worsen resolution,
INoise level increase deadtime, and
shift the spectrum
Under-compensated output .
~ nonlinearly
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Pole-Zero and Peak Shapes

Amplifier Pulses Peaks in Spectrum
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> .
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= =
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________ 7 T 8
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Good Pole-Zero
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Low Pole-Zero
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Amplifier Pulse-Pileup Rejection

i / » Rejects pulses that are
Preamplifier Pulses Separated by less than

g | the amplifier rise time
%15 ” ,ﬁ‘»\\za Shit (is) » If the pulses were
I N accepted, they would
£ 9 T sum as a single shaped
AN pulse at an energy
S | greater than either of the

two original pulses

4. | 8( 12 16 20 24
Time (1s)
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Pulse Pileup Produces Sum Peaks

Peak Summing in °’Co
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1060000
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Energy (keV)
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Lab Activities

» Setup Nal detector system (1 — 1.5 hours)
B Electronic settings (gain, pole-zero, etc)
B Reviewing MCA operations
B Calibrating detector system
B Acquiring U, Pu spectra
» Setup Ge detector system (1 — 1.5 hours)
B Electronic settings
B Reviewing MCA operations
B Acquiring U, Pu spectra
B Deadtime effects

B Attenuation effects
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