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Development and application of simulation code for radiation detection
based on MCPT solver library
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Abstract: The relationship between "'l activity in the thyroid and radiation detection results is related to the
thyroid geometry, detection distance and other factors, which is a key parameter for estimating the "*'I content in the
thyroid and its possible irradiation damage. We developed an application for gamma radiation measurement simulation
of Nal detectors based on the MCPT radiation transport numerical simulation algorithm library. Then several physical
models with different volumes of thyroid containers and different detection distances were established. Finally, the
detection efficiency of detectors were obtained under different measurement states by Monte Carlo numerical
calculations. The results of the numerical simulation are consistent with that of the theoretical calculation when the
distance between the thyroid-like container and the detector is large, which proves that the application could be used to
quantitatively analyze the detection efficiency of Nal detectors. It is indicated that the detection efficiency for the
detector with small distances is significantly influenced by the size of the thyroid-like container and the distance. The
detection efficiency table given by the simulations provides a basis for an in-depth experimental study.
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Table 1 Compositions of the main material in detection system

material main composition and density of nucleon number/ (10> cm™)

solution Na: 6.305 68E-005 0:0.035 H: 0.070064 3
container C:0.0144453 0:0.0361133 H:0.0577813
detector Na: 0.00983491 1: 0.009 83491 Al: 0.060261 6
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Table 2 Parameters of thyroid type container used in calculation

Vi diameter long axis of thickness of height of long axis of average distance of
of neck/mm ellipsoid/mm rectangle/mm rectangle/mm cylinder/mm _ radiation transmission/mm
0.65 47.39 13.46 1.62 4.85 1.88 12.35
1.00 54.71 15.54 1.87 5.60 2.18 14.26
2.00 68.93 19.58 2.35 7.05 2.74 17.97
3.00 78.90 2235 2.69 8.07 3.14 20.57
4.00 86.84 24.67 2.96 8.88 3.45 22.64
5.00 93.55 26.65 3.19 9.57 3.72 24.39
6.00 99.41 28.42 3.39 10.17 3.95 2591
7.00 104.65 29.75 3.57 10.70 4.16 27.28
8.00 109.41 30.90 4.02 12.05 435 28.52
9.00 113.80 32.25 4.02 12.05 4.53 29.66
10.00 117.86 33.50 4.02 12.05 4.69 30.72
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Fig. 5 Typical models of detection systems
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Fig. 6 Relationship between detection Fig. 7 Relationship between normalized detection efficiency
efficiency and detection distance and the volume of thyroid type container
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