w science, technology . _

& innovation Science and ==X"

% ""\ /. 74 Sciznw.eTnolchnology and Innovation TeChn°|ogy RF
Ru®  REPUBLIC OF SOUTH AFRICA

Facilities Council National Research

Laberatory for Accelerator
Based Sciences

Gamma — Ray Spectrometry

Prof. Dr. Nadir Omar Hashim

Department of Physics
Kenyatta University
hashim.nadir@ku.ac.ke

Advanced Nuclear Science and Technology Techniques Workshop
18 — 22 May 2026, iThemba LABS, Cape Town, South Africa



https://spas.ku.ac.ke/department-of-physics-faculty/prof-nadir-omar-hashim
https://indico.tlabs.ac.za/event/139/
https://indico.tlabs.ac.za/event/139/

Learning Outcomes

By the end of this session the learner should be able to:

[ describe the nature and properties of nuclear radiation

[ describe the interaction of photons with matter
J perform calibration of detectors for nuclear radiation
[ describe the gamma-ray spectrum from a source

[ perform spectral data analysis
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Types of nuclear radiation
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Photon Interactions
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Compton cross section
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Page 52, Chapter 2 in Radiation Detection and Measurements, Third Edition, G. F. Knoll, John Wiley & Sons, 1999.
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Introduction to gamma-ray spectroscopy

Physics basis:

" |Interaction of photons with matter — photo-electric effect, Compton
scattering, pair production

Detectors used:

= Scintillators — Nal(Tl) — low energy resolution, high counting efficiency,
operated at room temperature

= Semiconductors — HpGe — high energy resolution, low counting efficiency,
requires liquid nitrogen for cooling

Gamma-ray spectra:

" Provide “finger prints” of radionuclides

" Energy resolution determines ability to identify close peaks

" Area under the peak indicates activity of the source
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«fA¥ Detectors used in gamma-ray spectroscopy

Nal(TIl):

" |ow energy resolution (7-8% at 662 keV), high counting efficiency
" operated at room temperature

HPGe:

" high energy resolution (0.2 — 1.2% at 662 keV), low counting efficiency
= requires liquid nitrogen for cooling

CdZnTe:

= Moderate energy resolution (2% at 662 keV),

" high efficiency, very compact

LaBr;:

Low energy resolution (2.80-4% at 662 keV), high efficiency
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<% Typical Detector Efficiency Curves
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On ——
— _—
—— —

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Energy (keV)

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa



m Nal(Tl) detector ad Photo-Multiplier Tube (PMT)

Photocathode
' Far:us.mg electrode  Photomultiplier Tube (PMT)
|-|’_'Iﬂl.'-l.atlﬂr‘| track f
.
. — |
- '.-___ HE —
’-'-r'- S s ok = LET P IR
High energy | - S U Y R g
photon Law energy phntnns \ [ J=
Connector
i ! pins
Eclntullatnr F'rlrnar'.r EEI:undar"y Dynode  Anode

electron electrons

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa 9



HPGe Detector

thin entry window

molecular sieve
material

liquid P |
nitrogen |} e S

. ———— - —— &

ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa

10



' Interaction of gamma-ray photons in the
W= spectrometer
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Components of the Gamma-ray Spectrum
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Components of the Gamma-ray Spectrum *°Co

1.0E05 : | - | : | ,

L

r—
1ooooE W SE

Coincidence
. Sum Peak
1000

L1 llllllI

L l,LLl.L!Jl-

= A
<
S \ 1
100 =
Backscatter S|
Peak —
10 | =
Compton =
. Edges
| | . l | |
3.00 678.00 1352.00 2026.00 2699.00

Energy (keV)
© US-EPA ANSTT 6, 18 — 22 May 2026, iThemba LABS, Cape Town, South Africa 13



Components of the Gamma-ray Spectrum

Table 3. Commonly Encountered Radionuclides with True Coincidence Sum Effects

Radionuclide Gamma 1, keV Gamma 2, keV Sum Peak, keV
o 1173.2 1332.5 25057
134
Cs 604 796 1400
o 58.4 1274 1332.8
Eu
123.1 1047.2 1170.3
*y 1836 308 1734
Dofes: © US-EPA

[1] Non-coincidence abundance is 2.0x10°%
[2] Non-coincidence abundance is 7.10x10°'%
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Gamma-ray spectra from different detectors
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Gamma - ray spectroscopy: Nal(Tl) detector
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«fA% Evaluation of gamma-ray spectra
The following steps are taken in order to allow the identification and
guantification of the gamma emitting radionuclides in a sample:

 Identification of peaks

( Determination of the energy of the peaks

3 Identification of radionuclides SRl S (R AU
multi-channel
 Estimation of background analyser and

software

(d Calculation of net peak area

J Determination of activities and uncertainties
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Gamma - ray spectrum energy calibration
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Gamma - ray spectrum energy calibration

Exercise:
ltem Energy (MeV) |Channel No.
1. |0.662-MeV photopeak 0.662 Use Cs-137 and Co-60
1.17-MeV photopeak 1.17 sources and Nal(TI)
1.33-MeV photopeak 133 detector to determine

the following:

2
3
4. |Compton Edge *'Cs
5

Backscatter “#'Cs

full-energy peaks

Compton edge for ®Co

6. 1.33-MeV gamma ray - Compton edge
S Backscatter *°Co for - Backscatter
~ |1.33-MeV gamma ray ) .
g |Backscatter *CO for Energy resolution

1.17-MeV gamma ray Energy calibration
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Gamma - ray spectroscopy: Nal(Tl) detector
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Gamma - ray spectroscopy: Nal(Tl) detector
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Exercise:

Use a Co-60 source and

Nal(Tl) detector to determine

the following:

- full-energy peak
- Compton edge
- Backscatter
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Gamma - ray spectroscopy: Nal(Tl) detector

Exercise:
50 ! « data .
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counts

FWHM

energy resolution =

net peak area = total counts —
background counts

net peak area (counts)

FWHM  Activity (Bg/kg) =

efficiency X mass X time Xf

f = branching fraction of the

A baseline
gamma-ray line

peak channel
position E
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Summary

The following was discussed during this lesson:
v' lonizing radiation — nature and interactions
v’ Gamma-ray spectrometry

** Physics basis
» Common types of detectors used
¢ Calibration of spectrometer
» Components of spectral data

» Analysis of spectral data
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Further reading

Gordon Gilmore, David Joss (2024).
Practical Gamma-ray Spectrometry,
3rd Edition. Wiley

ISBN: 978-1-119-89608-1

"Os \

Gamma-ray
Spectrometry

Gordon Gilmore * David Joss

WILEY
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Further reading

Claus Grupen and Boris Shwartz
(2023). Particle Detectors
(Cambridge Monographs on
Particle Physics, Nuclear Physics
and Cosmology). Cambridge
University Press.

ISBN-10 : 1009401513

CU@U% Grupen ISBN-13 : 978-1009401517
\nd Boris S L‘W\ artz

Particle Detectors
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Further reading

RADIATION Glenn F. Knoll (2010). Radiation

DETECTION Detection and Measurement
AND 4th Edition. Wiley.

MEASUREMENT ISBN-10 : 9780470131480
ISBN-13 : 978-0470131480

GLENN F. KNOLL
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GAMMA- AND X-RAY
SPECTROMETRY
WITH SEMICONDUCTOR
DETECTORS

K. DEBERTIN and R.G. HELMER

Further reading

K. Debertin and R.G. Helmer
(1988). Gamma- and X-Ray
Spectrometry with Semiconductor
Detectors. North-Holland.
ISBN-10 : 0444871071

ISBN-13 : 978-0444871077
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“Our new photomultiplier!”
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