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Development of a Portable Detection System for Simultaneous Measurements of
Neutrons and Gamma Rays
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2 Department of Nuclear Engineering, Hanyang University

Abstract Radiation measurement technology has steadily improved and its usage is expanding in various industries such
as nuclear medicine, security search, satellite, nondestructive testing, environmental industries and the domain of nuclear
power plants (NPPs). Especially, the simultaneous measurements of gamma rays and neutrons can be even more critical
for nuclear safety management of spent nuclear fuel and monitoring of the nuclear material. A semiconductor detector
comprising cadmium, zinc, and tellurium (CZT) enables to detect gamma-rays due to the significant atomic weight of the
elements via immediate neutron and gamma-ray detection, Semiconductor sensors might be used for nuclear safety man-
agement by monitoring nuclear materials and spent nuclear fuel with high spatial resolution as well as providing real-time
measurements, We aim to introduce a portable nuclide-analysis device that enables the simultaneous measurements of
neutrons and gamma rays using a CZT sensor, The detector has a high density and wide energy band gap, and thus ex-
hibits highly sensitive physical characteristics and characteristics are required for performing neutron and gamma-ray
detection. Portable nuclide-analysis device is used on NPP-decommissioning sites or the purpose of nuclear non-
proliferation, it will rapidly detect the nuclear material and provide radioactive-material information, Eventually, portable
nuclide-analysis device can reduce measurement time and economic costs by providing a basis for rational decision
making,
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Table 1, Basic specifications for portable gamma/neutron detectors using semiconductor sensors

Portable gamma/neutron detectors

Name Raymon10 NanoRaider R300 Interceptor

Image

Country United Kingdom USA multinational corporation
Company Kromek FLIR Thermo

Detectable Gamma 30 keV ~ 3 MeV 25 keV ~ 3 MeV
energy range Neutron N/A
Sensor Gamma CZT(CdZnTe)
Neutron N/A He-3

Sensitivity up to 1 mSv/h @ 662 keV 0.1 ~ 100 mSv/h, 2.6 cps/nv : 1.5 cps/p#R/h, 1.2 cps/nv
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Table 2, Specification comparison of HPGe detector and developed detector

HPGe detector Developed detector
Cooling method Liquid nitrogen No need
Detection X, 7 n, 7y
Function Radionuclides analysis Radionuclides analysis and dose rate detection
Mass, kg 30* or heavier Less than 6*
Size Large Small

* The value corresponds to the HPGe spectrometer (MarsOdyssey, NASA) with its electrical cooling system included.

* The value corresponds to the developed system including battery packs and modules.
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Fig. 1. Components of the circuit for detection system
development

PR304(PREAMP) B1AS VOLTAGE
el B 1:-12
< > iz -
3:GND — 4—|PREAMP
4:GND i I
5:0UT
6
7
8

I DETECTOR

1 GND
1 GND
CIN

4 o
BIAS VOLTAGE

BNC type CZT

\

Resistance

oM
%

Amplifier

{PREAMP

Fig. 2, Schematic diagram of the circuit for signal processing
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Fig. 3. Conceptual diagram of the neutron/gamma simultaneous measurement system with double CZT sensors

Moderator (PE Gom)

] i Ll CZT Detector
with electronic

CZT Datector
with electronic Unit #1

30
150

CZT Detector
with electronic Unit #2

Fig. 4. Detector array and exterior design with moderator
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Fig. 5. Obtained energy spectrum with a 6cm moderator (left) and without moderator (right)
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