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common gamma spectrum detectors
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ABSTRACT To understand the nuclear spectroscopic performance of gamma-ray spectrum detectors in different
application scenarios, HPGe, CZT, LaBr,(Ce), CeBr,, and Nal(Tl), which are common gamma-ray spectrum
detectors, were selected. *'Am, "'Cs, and “Co standard sources were measured, and the detection limits of the
different detectors for different nuclides were calculated. The results show that under environmental background
conditions, the detection limits of the HPGe, CZT, LaBr,(Ce), CeBr,, and Nal(Tl) gamma spectrum detectors for low-
energy gamma-ray “*'Am are 0.039 Bq, 0.180 Bq, 0.781 Bq, 0.697 Bq, and 1.104 Bq, respectively. However, when
measuring the activity of '’Cs in the lead chamber, the detection limits are 0.005 Bq, 0.294 Bq, 0.036 Bq, 0.037 Bq,

and 0.057 Bq, respectively. The measurement and calculation results show the full-energy peak shape, source peak
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detection efficiency, background energy spectrum, and the detection limits of the different detectors in different

application scenarios, thus providing reference nuclear spectroscopic performance parameters for selecting the

appropriate gamma spectrum detectors to measure sample activity.

KEYWORDS Full energy peak shape, Source peak detection efficiency, Background energy spectrum, Detection

limit, Gamma spectrum detector
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Table 1 Information of the detectors used in the experiment

TR E 7Y vt hE RSy ifE ST / mm
Detector type Brand Model Crystal size
HPGe Canberra BES5030 081x31

CZT it 7% 57 Imdetek DT-01C11005 10x10x5
LaBr,(Ce) SAINT-GOBAIN 02S102-B380 076x76

CeBr, SCIONIX HOLLAND CEBR3(LB)-X2 076%x76
Nal(TI) ORTEC S-1212-1 076%x76
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Table 2 Standard source information used in the experiment

PR Ty SRR AR ST / keV I / Bq AN E L | %

Standard source Main gamma ray energy and emissivity Activity Activity uncertainty (k=2)
*Am 59.54(35.9%) 9000 2.5

Cs 661.77(85.1%) 7928 2.5

“Co 1 173.24(99.9%) 1 332.50(99.9%) 17795 2.5

"Eu 121.78(39.8%) .244.70(10.6%) .344.28(95.2% ) ++*+++ 27905 3.0
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Fig.1 *'Am full energy peak measured by different detectors
(color online)
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Table 3 The FWHM of different detectors for different
energy y rays

PRIZE A FWHM / keV
Detector type *'Am YCs “Co
(59.54 keV) (661.77 keV) (1332.50 keV)

HPGe 0.72 1.23 1.65

CZT 4.40 9.73 14.36
LaBr,(Ce) 6.92 19.11 28.03

CeBr, 8.73 27.02 38.31

Nal(Tl) 9.57 47.53 66.87
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Fig.5 Measurement results of source peak detection
efficiency for different detectors (color online)
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Fig.6 Background spectra measured by different detectors
under environmental background conditions (color online)
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Table 4 The minimum detection limits of five detectors for different nuclides under environmental
background conditions

PRI ZE S FRIMFR / Bq Detection limits

Detector type *'Am (59.54 keV) "Cs (661.77 keV) “Co (1 173.24 keV) “Co (1332.50 keV)
HPGe 0.039 0.022 0.031 0.025

CZT 0.180 1.414 0.507 0.372

LaBr,(Ce) 0.781 0.464 0.402 0.335

CeBr, 0.697 0.371 0.404 0.040

Nal(Tl) 1.104 0.987 0.917 0.864

RS LRSS ERE AR RZR RN

Table 5 The minimum detection limits of five detectors for different nuclides in a lead chamber

PRI ZE MR / Bq Detection limits

Detector type *'Am (59.54 keV) "Cs (661.77 keV) “Co (1 173.24 keV) “Co (1332.50 keV)
HPGe 0.005 0.005 0.007 0.007

CZT 0.020 0.294 0.162 0.149

LaBr,(Ce) 0.082 0.036 0.047 0.057

CeBr, 0.038 0.037 0.044 0.040

Nal(T1) 0.063 0.057 0.076 0.072
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