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Abstract  [Background] In order to fast and conveniently measure X, y and neutron radiation field simultaneously,
portable multi-function radiation detector is highly demanded. [Purpose] This study aims to design a portable multi-
function radiation detection system based on LaBr,(Ce) crystal, lithium aluminum silicate oxygen (LASO) neutron
detector and high range Geiger-Muller (GM) counter. [Methods] After the optical signal output from the LaBr,
crystal was photoelectrically converted into electronic signal by the photomultiplier tube (PMT), the integrated digital
multi-channel was used for data acquisition of electronic signal, and the subsequent data processing and calculation.
The front signal processing circuits, such as amplification, discrimination and shaping, were designed for both the
LASO neutron detector and the GM tube counter. Finally, the digital signal processed of the LaBr, detector was
transmitted to the ARM (Advanced RISC Machine) processor in the form of TTL (Transistor-Transistor Logic) serial
port, and the pulse signal formed of the neutron detector and GM counter tube was connected to the external counting
port of ARM processor. Energy spectrum was processed for nuclide identification and displayed by ARM processor
whilst the low dose rate measurement base on the Gamma data collected by the LaBr, detector, the neutron detector
and the high range GM tube counter were counted at fixed time and converted from the count rate into the dose rate.

[Results & Conclusions| The designed portable multi-function radiation detector realize simultaneous measurement
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of wide range (48 keV~3.0 MeV) v, low-energy (48 keV~1.25 MeV) X-ray, (0.1~100 mSv - h™") neutron dose rates,

and nuclide identification capability of LaBr; spectrometer, and upload the data to PC through USB interface.

Key words Low energy X-ray measurement, Wide range y measurement, y nuclide identification, Neutron

measurement
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equivalent rate
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Table 2 Test results of relative intrinsic error of neutron
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ZEESY  AERME P2 fE HHX R 2% SEENY  NERE FME HAR R 7%
Reference Conventional truth Average value Relative Reference Conventional truth Average value Relative
radiation field value /mSv+h™  /mSv-h" error / % radiation field value / uSv-h /uSv-h' error / %
YCs 5.71x10™ 8.27x10™ 15 Am-Be 66.5 60.4 -9.2

“Cs 6.03x107* 7.11x107° 15 Am-Be 220 229.1 4.1
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Table 3  Test results of LaBr, detector energy response

>EEM Y e RE TIE M 7 HE F M B

Reference  Conventional Conventional Response Energy
radiation  truth value  truth value response
field /puSv-h! /uSv+h

L-55 48.9 38.9 0.90 1.01
L-70 50.3 433 0.86 0.96
L-100 50.9 44.5 0.87 0.97
L-170 46.5 42.0 0.90 1.01
L-240 41.4 36.7 0.89 1.00
"Cs 36.6 44.0 0.89 1.00
“Co 342 39.1 1.14 1.28

®4 GMEREEMMIMIALER
Table 4 Test results of GM detector energy response

ZEEMY QERME A Wi 37 RE B

Reference Conventional Conventional Response Energy

radiation  truth value  truth value response
field /uSv+-h™ /uSv-h™

N-60 865 649.7 0.75 0.85
N-80 938 1029.0 1.10 1.25
N-100 927 1050 1.13 1.28
N-120 891 884.2 0.99 1.13
N-150 1283 1218 0.95 1.08
N-200 821 833.4 1.02 1.16
N-250 791 744.4 0.98 1.11
"Cs 823 727 0.88 1.00
“Co 486 434 0.89 1.01
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