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Monte Carlo optimization of a Compton suppression system for

gamma-ray diagnosis of radioactive environment

Z0U Quan, AN Zhu
(Key Laboratory of Radiation Physics and Technology of Ministry of Education,
Institute of Nuclear Science and Technology. Sichuan University., Chengdu 610064, China )

Abstract; In this study. the Geant4 toolkit is used to simulate a Compton suppression system based upon HPGe
primary detector for radioactive environment such as nuclear plant accident. LaBr; (Ce) crystal is selected for the
anti-coincidence secondary detector. Simulations for the detector system are performed to gain the optimal sizes
for 500~1500 keV y rays. Simulation results show that the Peak Compton Suppression Factors (Peak CSFs) in-
crease significantly with the thickness increase of the body LaBr; (Ce) crystal from 10 to 60 mm, the Peak CSFs
do not increase obviously after the thickness of the body LaBr; (Ce) crystal reaches 60-70 mm. Moreover, by
adding a LaBr; (Ce) crystal to the back of the HPGe detector can also improve the Peak CSFs, but by adding a
LaBr; (Ce) crystal to the front of the HPGe detector has little effect on improving the Peak CSFs. Finally, we
simulate a variety of sources in our Compton suppression system under the optimal conditions: for Cs-137 and
K-40 that decay via a single ¥ emission Compton suppression effects are good; for I-131 and Cs-134 that decay in

cascade some improvements are still obtained.
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Fig. 1 Our unsuppressed and suppressed simulation
results for Co-60 source by Geant4 code with

the same materials and geometrical conditions
(40 mm thick lid) as in Ref. [12]
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Fig. 2 A cross-section of the geometry for the de-

tector system: the HPGe crystal is shown

in the centre, which is surrounded by LaBr;

(Ce) crystals
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Fig. 3 Pictures show the Peak CSFs when simulating the y-rays of 500~1500 keV with thickness of body LaBr; (Ce)
crystal between 10~70 mm. (a) The Peak CSFs of the y-rays from 500 to 900 keV; (b) the Peak CSFs of the

y-rays from 1100 to 1500 keV
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Fig. 4 A cross-section of the geometry for the de-

tector system: adding a LaBr; (Ce) crystal

to the back of the HPGe detector
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Pictures show the Peak CSFs when simulating the y-rays of 500~1500 keV with thickness of

Lid crystal between 0~30 mm. (a) the Peak CSFs of the y-rays from 500 to 900 keV. (b) the
Peak CSFs of the y-rays from 1100 to 1500 keV
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Tab.1 CSFs and peak efficiency are showed in the table

Suppressed Peak Total
efficiency( %) CSF CSF

Unsuppressed

2 B
B el (ke V) efficiency( %)

1-131 364.49 5.76 5.72 4.25 1.83
Cs-134  569. 33 3.20 0.23 1.95 0.78
Cs-134 604.721 3.12 0.75 6.43 2.58
Cs-134  795. 86 2.48 0.56 4.37 2.39
Cs-137  661. 66 3.34 3. 34 6.90 2.33

K-40  1460. 82 1.71 1.71 7.24 2.36
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