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Many different materials that can detect these processes:
e Semiconductors

e Scintillators Germanium crystal used in

this experiment

We will be considering detection of gamma rays from
radioactive materials via use of a High Purity Germanium
detector (HPGe), and will calculate relative characteristics
of the detector (resolution, efficiency).
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MANCHIZIER Gamma ray spectroscopy:
Scintillator vs Semiconductor

Scintillator Semiconductor
e Light detected via ionisation of materials e lonisation particle produces eh pairs that
e Impurities deliberately added to ensure provide a signal via the application of an
emitted light is within visible/detectable electric field
region e Impurities need to be removed to improve
e Low cost, poorer resolution the depletion region (and consequently
e Eg: Nal(Tl) detector performance)
e High cost, greater resolution
e Eg:HPGe

_ Nal Scintillator HPGe detector 4
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MANCHESTER Gamma ray spectroscopy:
Experimental Method
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1173.2 KeV)

HPGe Resolution 0.16%
G

e Collect energy data from the emitted gamma i Lt (o] Lot
rays of Cobalt 60 and Europium 152

LaBr (Ce) Resolution 1.9%

e Calibrate the detector using the known
Europium 152 gamma ray energy levels. i

e Determine the energy resolution of the
detector with respect to energy of the gamma

rays. Co
5272 a 0.31 MeV
e Determine the relative efficiency with respect 0.129% /
1.48 MeV B~ 1.1732 MeV
to energy of the gamma rays. Example of using Cobalt

60 energy levels to

{{325 MeV v determine the
ADC->Energy
calibration
Y 4
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Energy as a function of channel number

e Fit of the form: laoo| © Data
E=a+bx+ CX2 —— Energy fit
e Parameters:
a=-7.47 +/-0.15 12007

b=0.23 +/- 0.00011
c=247 x 107 +/- 1.56 1000
x 108

e Energy increases linearly 8 oo
with channel number. g
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Resolution as a function of energy

e Resolution calculated by e Data
dividing FWHM by energy 0.025 - — Resolution fit
e Fit of the form:
R=a+b/NE +c/E
e Parameters: 0,020 1
a =-0.0013 +/-
0.00098
b =0.069 +/- 0.038 B
c=2.53+/-0.33 g
0.010 A
0.005 1

I A 200 400 600 800 1000 1200 1400
Energy (keV) 9




MANCHESTER
1824

The University of Manchester

e Relative efficiency
calculated by dividing area
under photopeak by known
intensity weights

e Fit of the form:

n=a+ b/E + c/E?

e Parameters:

a =0.00024 +/-
0.0083
b =157 +/- 5.67

c=-6701 +/- 628.36
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e Energy Calibration:
o Relation between the channel number and energy.
o To estimate the energy of the unknown source.
e Energy Resolution:
o The ability of the detector to distinguish between gamma rays of different energies.
o Itis important for identifying and characterizing complex gamma-ray spectra, which
contain overlapping peaks from multiple sources.
e Photo peak efficiency:
o This is to establish the relationship between the detected gamma ray energy and the
number of gamma rays that produced a photopeak in the spectrum.

o To correct for the loss of gamma rays due to the imperfect detection efficiency of the
HPGe detector.
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e Nuclear spectroscopy: HPGe detectors are widely used for gamma-ray spectroscopy to identify
and quantify radioactive isotopes in samples.

e Environmental monitoring: HPGe detectors can be used to measure and monitor environmental
radiation levels in soil, water, air, etc which would helps to ensure public safety and compliance with
regulatory standards.

e Medical imaging: HPGe detectors are used in nuclear medicine for imaging and diagnosing various
diseases and medical conditions.

e Material analysis: HPGe detectors can be used for material analysis, such as in the identification of
unknown materials, quality control, and forensic investigations.

e Astrophysics: HPGe detectors are used in astrophysics to detect gamma rays emitted from celestial
sources, such as supernovae, pulsars, and black holes.

ICFA |



MANCHIZIER Acknowledgement

The University of Manchester

We would like to thank Gamma-ray spectroscopy group @TIFR and ICFA 2023 organising
members for giving us the opportunity to learn about various experiments. It will be certainly
helpful for the future endeavour in experimental HEP.

_ Biswaijit, Vishal and us with the clover detector 13



