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Abstract  [Background] The targeted acquisition of the radioactive element content or radioactivity in a
radioactivity is an important task in geological exploration and radioactive pollution investigation. During the process
of targeted gamma radiation sampling, gamma rays from non-target areas significantly interfere with the
measurement results. [Purpose| This study aims to design a dual-energy targeted gamma radiation sampling probe
that uses a cerium bromide scintillation detector on the basis of the difference in the linear attenuation coefficients of
the high- and low-energy gamma rays from the same radioactive decay series in the lead shielding layer of the
detector. [Methods] Firstly, Monte Carlo (MC) numerical simulations were employed to determine the optimal lead

shielding layer thickness for the dual-energy targeted gamma radiation sampling probe detecting targets of the
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0.609 MeV and 1.764 MeV gamma rays emitted by *'“Bi. Then, the directional proportionality coefficients were
calculated and applied to obtaining 0.609 MeV gamma ray counts of dual energy y radiation probe within lead
shielded angle. Finally, MC numerical simulations with four types of interfering radiation sources and physical
experiments with two radium sources were conducted to validate the results that calculated using the directional
proportionality coefficients. [Results] The simulation result of optimal lead shielding layer thickness for the dual-
energy targeted gamma radiation sampling probe is 6 mm, and the calculated directional proportionality coefficients
of a and 4 are 0.268 and 0.451, respectively. Validation results show that the relative error between the counts for the
0.609 MeV gamma rays within the shielded angle and the net peak area counts measured with the dual-energy
targeted gamma radiation sampling probe for two radium sources is within £2.52% with average relative error of
0.63%. The relative errors between the measured uranium content and recommended values in the tested models are
all less than 5%. [Conclusions] The dual-energy targeted gamma radiation sampling results for a radioactive mixed
standard model and three radioactive models indicated that the designed dual-energy targeted gamma radiation

sampling probe is capable of targeted gamma radiation sampling.
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Fig.2 Diagram of Monte Carlo numerical simulation
geometric model for dual energy y radiation sampling probe
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Table 1 Monte Carlo numerical simulation results for directional scale coefficients of lead shielding layers
with different thicknesses

BRikc 2R Shielding N, N 5 1] L 18] 2 5 N, o N, ou 5E ] L A3 2 5
thickness / mm Directional roportional Directional proportional
coefficient a coefficient 4
3 957 257 0.268 920 276 0.300
4 957 257 0.268 687 240 0.349
5 957 257 0.268 526 208 0.396
6 957 257 0.268 392 177 0.451
7 957 257 0.268 294 156 0.529
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Fig.3 MC simulated deposition energy spectra for 6 mm lead
shield of dual-energy targeted y radiation sampler with cerium
bromide scintillation detector
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Fig.4 MC simulation geometry model with interfering radiation source target
(a) The outer perimeter of the target is wrapped with a 10 cm thick uranium layer, which is an interference source with twice the
radiation of the target body; (b) The outer perimeter of the target is wrapped with two 10 cm thick uranium layers, which is an
interference source with twice the radiation of the target body; (c) The outer circumference of the target is partially wrapped, and the
uranium content is twice that of the target body, which is an interference source with twice the radiation of the target body; (d) The
outer perimeter of the target is wrapped with two partial layers, and the 10 cm thick uranium layer is an interference source with
twice the radiation of the target body
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Table 2 Comparison of /V,

2,In

MC analog values and calculated values for different interference radiation source targets

B2 Shielding  N,g,, Nygw Moo SBUE N, THEAE LEROR S
thickness / mm Analog value Calculated value Relative error / %
TR IR (a) 3 2337 673 957 904 -5.59
The interference radiation source is (a) 4 2022 626 957 989 3.33
5 1789 584 957 973 1.60
6 1602 544 957 976 1.98
7 1458 515 957 985 2.87
TS 9 (b) 3 2772 802 957 940 -1.80
The interference radiation source is (b) 4 2379 757 957 914 —4.50
5 2077 700 957 954 -0.40
6 1843 658 957 949 -0.91
7 1662 616 957 1008 5.32
TR () 3 2107 603 957 931 -2.80
The interference radiation source is (¢) 4 1833 561 957 973 1.66
5 1636 524 957 965 0.80
6 1476 489 957 967 0.99
7 1355 464 957 971 1.43
FHERGHE () 3 2324 667 957 949 -0.90
The interference radiation source is (d) 4 2012 627 957 936 2725
5 1780 583 957 955 -0.20
6 1596 546 957 953 -0.45
7 1457 514 957 983 2.66

=3

HARKE 7 6 mm BTN EIRNEEE 3] y Fa ST BV SUM B4R

Table 3 Measurement results for dual-energy targeted gamma radiation sampling instrument with a 6 mm lead shielding
layer and two radium sources

1ETH A% Frontal {MTH] 25 Side distance 0.6 m 1ETH #F & Frontal distance 0.9 m  f/[HI 5 % Side distance 1.2 m
diStance / m Nl,Sum NZ,Sum NLSum NZSum N] ,Sum NZ,Sum

0.6 40 816 126 263 40 106 124 055 40 940 126 650

0.9 16 821 51613 16 821 51616 17 618 54 095

1.2 11 085 33770 10 732 32673 10 630 32354

F4 FMERIE. M E THRFREK ARSI 0.609 MeV v 542 el g AT B ST EEXTEE
Table 4 Comparison of the total net peak area of 0.609 MeV gamma rays measured in the lead shield angle under a positive
and lateral arrangement of two radium sources and the calculated value

AETHI R B 0T #E 29 Side distance 0.6 m

] Tl 26 25 Side distance 0.9 m

M T 2E 2 Side distance 1.2 m

Frontal N SCIGH N, HEAE HIREZE N, 906l N, iF BB MIXE2E N, Sl N, FeAl A B
distance Experimental Calculated Relative Experimental Calculated Relative Experimental Calculated Relative
/m value value error / % value value error / % value value error / %
0.6 90 748 89316 -1.58 88714 87 750 -1.09 88 650 89 590 1.06

0.9 36 870 36 368 -1.36 37394 36370 -2.74 37308 38 128 2.20

1.2 23314 23712 1.71 22 694 22 934 1.06 23 296 22 708 -2.52
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ME = RCE3{E . & 1.764 MeV #10.609 MeV
1) y 3 4% 4 Re W i3 W T AR UE B0 NV, o, FH N, 45 SR 200
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Table 5 Measurement results

%5 Number C,/gt" Ngm N, N,
UY-0.02-11 195.32 678 1859 880
ThY-0.04-11 9.23 412 935 50
KY-6-11 4.54 198 447 22

BN =AU AR E AT . O PR IR A Ar
R 2 5 UThK Y-0.007-0.021-3-11, 4l & B 1E H
63.9 g+t =N PR AL o3 S D Bl AL LA AR
PR AY , FCBl S B HE A E 4 0 14031 g -t
8.55g-t".3.01 g-t"'o WIEMS[H] K200 s, B |
W& =R, W E g R L 6 ffim. Ko
N, IR Z R N, F N, g, FIEE AR (6) 15
B3 C i EERAREE 6 b N, M) HHHAE];
FRXT R 22 R R Cy tE 5AE 55 HEF (B 2 18] FR) AR G 5%
P o TBURH TR B s VR A TR AR TS A TR ) S 22 SR
F W, XURE SE [y 5 S ORE AR AT 5 17 A S LR T
R, W ASE 2 v S0 il B 5 o A (A R 22 57N
T 5%.

#6 SLIIEBIMEBLR
Table 6 Experimental model measurement results
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