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My history with gamma-ray spectrometry

• 2008: Completed my studies with thesis on high energy photon beam dosimetry

• 2009-2016: Responsible for operation of the accredited gamma-ray spectrometry
laboratory at the DSA (then NRPA) in Østerås, Norway

• 2012-2013: Short-term engagement at Qatar University to set up, calibrate and 
develop procedures for HPGe detectors at their environmental radioactivity lab.

• 2016-2021: Gamma Spectrometry Specialist at IAEA Seibersdorf (TEL)

• 2021-now: Establishing a laboratory for radiological characterization and waste
classification to support the decommissioning process at IFE (Kjeller, Norway) 
focusing on gamma-ray spectrometry measurements
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What is gamma-ray spectrometry?

• A measurement technique for identification and quantification of
gamma-ray emitting radionuclides, usually in some kind of sample, 
by using a suitable detector.
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In the field (“in situ”)In the laboratory



What is gamma-ray spectrometry?

• Looking at the gamma spectrum output of the measurements, and 
using it to say something about the radionuclide content
• Which radionuclides are present and how much radioactivity of each
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Various applications of gamma-ray spectrometry

• Environmental monitoring

• Emergency preparedness

• Radiation protection

• Nuclear security & safety

• Decommissioning

• Particle physics experiments

• Geo- and astrophysics

• Medical isotope production

• Neutron activation analysis

• …
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The latest radionuclide charts 
contain more than 3000 
nuclides.

Of these, only around 250 are 
assumed to be stable…

The rest are radionuclides

N
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number

Neutron number

Mass number
A = Z + N

The chart of the nuclides



Main decay modes of the radionuclides
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Figure source: https://opentextbc.ca/chemistry/chapter/21-3-radioactive-decay/

https://opentextbc.ca/chemistry/chapter/21-3-radioactive-decay/


Some quick facts about gamma decay

• Consists of pure electromagnetic energy (zero mass, zero charge)

• Does not happen just by itself, but follows another decay process that leaves the 
nucleus in an excited nuclear state

• The energies of the emitted radiation to go from an excited state to the ground 
state are very strictly defined by a radionuclide’s decay scheme, and can be used 
as a “fingerprint” for detection of that radionuclide.
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Measuring gamma-rays in a spectrum
• Decay scheme for Y-88 (simplified):

• Emitted gamma-ray energies correspond to the energy differences between levels of 
the radionuclide’s decay scheme

• Corresponding full energy peaks appear in the gamma spectrum
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The gamma spectrum

• The location (energy) of the peaks tells us which nuclide(s) are in the spectrum
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The gamma spectrum

• The size (area) of the peaks tells us something about the nuclide activity 
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The gamma spectrum

• We can also see many other effects in the spectrum
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Where do these come from? Let’s take a closer look at 

gamma photons and how they interact in the detector!
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The electromagnetic spectrum
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Gamma rays have frequency > 1019 Hz (wavelength < 100 pm)

→ corresponds to photon energy > 40 keV (10-14 Joule)

And remember: NO mass NO charge



How do you stop a gamma-ray photon?
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Photons do not have a fixed “stopping distance”, instead we need to consider 
the probability of interaction with the material they pass through.



• Attenuation of a monoenergetic
photon beam through a material:

• Plot of photon attenuation as a 
function of distance in the material:
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Types of photon interactions in a material
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We will not cover each interaction mechanism in detail today, but you can 
read more in your favorite introductory radiation physics textbook!



Probability of different photon interactions
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The three main interaction mechanisms have different probabilities for 
interaction depending on energy.

Ge

Ge



The gamma spectrum

• Due to the different photon interaction mechanisms, the spectrum is not a “perfect” 
picture of the radionuclide’s decay scheme
• Photoelectric effect → signal to full energy peak
• Compton scattering → signal to continuum
• Pair production → escape peaks 511 keV and 1022 keV below the full energy peak (𝐸𝛾 > 1022 keV)

• Combination of multiple effects → signal can end up “anywhere”…
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Figure source: Gilmore, 2008. “Practical gamma-ray spectrometry”

Example spectrum #1



Figure source: Gilmore, 2008. “Practical gamma-ray spectrometry”

Example spectrum #2
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*NORM = Naturally Occurring Radiactive Material

Some «real» spectra can get quite complicated…

• Example of a spectrum from a NORM* sample:



01 What is gamma-ray spectrometry?

02 The origin of the gamma spectrum

03 Photon interaction mechanisms

04 Detector types for gamma spec.

05 The complete measurement system

Agenda



Detector types for gamma-ray spectrometry

1. Scintillation detector
NaI, LaBr, CeBr, CsI, …

2. Semiconductor detector

HPGe, Si, CZT

• There are two main detector types used for gamma-ray spectrometry:

https://wiki.uio.no/mn/safe/nukwik/images/6/68/Plastic_scint_detector.jpg


FWHM – a measure of spectrum peak resolution

• The resolution (“sharpness”) of a spectrum peak is usually measured by its Full Width 
at Half Maximum (FWHM)

• Peaks closer than 1xFWHM apart are often difficult to separate, even using software



Resolution comparison of different detector types

• For the remainder of the presentation, we will focus on HPGe detectors, as they are 
the most commonly used type of detector in the majority of Nordic laboratories.

Relative FWHM @ 
662 keV
• HPGe: 0.2 %
• LaBr:   3 %
• NaI:     7 %



P-type 
coaxial 
detector

N-type 
coaxial 
detector

Planar 
detector

Well type 
detector

Vacuum 
housing

Special carbon fiber 
endcap window for 
improved transmission 
of low-energy photons

The HPGe detector

• The HPGe detector itself is basically a diode with a P-I-N structure connected to a FET

• The HPGe crystal is doped with impurity atoms (n+ or p+) to increase its conductivity

• HPGe detectors come in a variety of shapes and sizes with different efficiencies*

(usually aluminum)



Liquid nitrogen 
cooling (-196 °C)

Electrical cooling
Hybrid cooling 

(recycles the liquid 
nitrogen)

HPGe detector cooling

• HPGe detectors need to be cooled to cryogenic temperatures (< -170 °C) to function



Without 
shielding

With shielding

Shielding the detector to reduce background
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Detector

Preamplifier

Analogue (NIM) 
electronics

- or -
Digital analyzer

Computer with 
spectrum acquisition 
and analysis software

Cooling 
(HPGe detector)

Sample

Analyst

Shielding

Overview of the entire measurement system



Detector Signal  

ADCMCA

h’’

(Analogue to
digital signal)

(Sorts pulses 
according to 
their height)Gamma spectrum

h’

Preamplifier output
(voltage pulse)

Amplifier output 
(Voltage pulse)

High 
voltage

-+

Preamplifier

Amplifier

Source or 
sample

Signal processing

Let’s look
more closely
at this part



The multi-channel analyzer (MCA)

(Analogue-to-digital 
conversion not shown)
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Channel →Channel # is related to photon energy

Low energy
gamma-ray
absorbed in
detector

High energy
gamma-ray
absorbed in
detector

• The MCA sorts pulses from the amplifier into the spectrum according to their height

Detector:

Spectrum:

Amplifier pulses:



1. 2. 3. 4.

Summary of the basics

Signal 
processing
/ MCA

A gamma-ray emitting
radionuclide sends out one
or more gamma-rays with
energies precisely defined
by the radionuclide’s decay
scheme.

The gamma-ray interacts
with a detector, depositing
all or some of its energy
there. The energy signal is 
processed through a 
measurement system.

Each processed signal yields
one "count" in the gamma 
spectrum. After many
counts have been
registered, characteristic
full energy peaks appear.

With proper analysis, the
gamma spectrum can be 
used to identify and 
quantify the activity of the
radionuclide(s) measured
by the detector.



Thank you for the attention!

Alexander.Mauring@ife.no

mailto:Alexander.Mauring@ife.no
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