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FAST NEUTRON DISCRIMINATION USING THE STILBENE SCINTILLATOR
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In this research, we have studied a speed system for neutron flux estimation used in experimental works with radiation protection
design and for applications where materials identification based on neutron backscattering is crucial. The most effective approach is
neutron-gamma discrimination using the stilbene scintillator. We performed a discrimination with the charge integration technique.
The data acquisition was implemented using a high sampling rate oscilloscope. Crystalline stilbene is an organic scintillator that is
well-suited for fast neutron identification in environments with high gamma-ray-associated irradiation.
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1. INTRODUCTION

In this research, we have studied neutron gamma discrimination using the stilbene scintillator for applications where
neutron flux estimations are crucial. One of the approaches is to use charge integration. Organic scintillating materials
are frequently used for measurements that require sensitivity to gamma and fast neutron radiation due to their pulse shape
discrimination (PSD) nature. The primary reaction for neutron detection is elastic neutron scattering [1, 2]. Experimental
particle type identification is commonly taken using both charge integration and pulse shape discrimination methods.
Recent research works in PSD methods demonstrate the effectiveness of charge-integration along with the new techniques
[3]. The pattern-recognition method offers a short data processing time. A classical neutron gamma discrimination [4] can
operate in a wide dynamic range up to 4MeV and demonstrates a lowest energy threshold down to 30 KeV but has a specific
requirements for setup tuning. A few works demonstrate a great pulse shape discrimination capability for simultaneous
detection of gamma-rays, slow and fast neutrons using only the one detector [5]. Recent algorithms of neutron/gamma
discrimination, such as the use of neural networks [6]. For portable applications, for example, in evaluative tasks, data
could be taken with digital oscilloscopes [7]. The minimum requirements for an oscilloscope are a sampling rate of 1
GS/s, 8-bit vertical resolution, and a bandwidth of 200 MHz. The described method’s precision is comparable to the
classic technique of zero crossing of two signals from the last dynode and photocathode, with further signal analysis
on the time to digital converter (TAC) and spectrometer. In particular, the charge-integration method allows for highly
accurate discrimination between photons and neutrons at high-energy depositions. This paper describes the algorithm and
experimental details of the algorithm implementation for neutron gamma discrimination using the oscilloscope.

2. MATERIALS AND METHODS

The raw scintillation pulses were recorded with the oscilloscope GW Instek GDS-3504 [10] Digital Oscilloscope
500 MHz 4 GSa/s. It accumulated more than 100k pulses from the stilbene scintillator size of 40 mm x 40 mm, wrapped
in PTFE tape. The leading-edge trigger threshold was set as the lowest possible 50 mV according to baseline noise and in
terms of energy < 1 MeV. The data was obtained using a Pu-Be neutron source 10°, which produces neutrons and instant
gamma-rays. A used photomultiplier tube, PMT Hamamatsu R1307 [9], operating at 972 V, was installed in a dark box.
To avoid signal distortion, it was used one-stage buffer amplifier with a 2 us integration time directly connected to the
oscilloscope. An internal oscilloscope termination of 50 Ohms is used to avoid signal reflection. Fig. 1 presents the block
scheme of the experimental setup used for data accumulation. The Pu-Be source is installed 15 cm from the detector. The
stilbene crystal was coupled with optical glue Cargile [8] to the PMT window, a single-stage amplifier connected directly
to the oscilloscope. Selected trigger holdoff (timing gate) was in the range of 300 ns.
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Figure 1. Experimental setup. Equipment used to measure the n-y discrimination by the charge integration method.

3. ALGORITHM AND DATA PROCESSING

The charge comparison method provides the most common pulse shape discrimination (PSD). The ratio between
neutron 1 and gamma rays could be measured based on charge comparison of the entire signal Q total and the charge of

the slow part of the signal tail Q slow.
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Typical neutron and gamma-ray pulse signals are shown in Fig. 2 The ratio Qs/Qt is the main criterion of the method
to classify pulses as neutron or gamma interactions with the scintillator. Neutron pulses — red line, gamma — blue line.
The ranges of integration Qs (from 50 to 200 ns) have been fitted to have the best discrimination in terms of figure of merit

(FOM).
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Figure 2. Charge integration principle, long gate Qt and the slow gate Qs selected for the charge comparison method.

Finally, to calculate the quality of neutron/gamma discrimination of the stilbene scintillator used the figure of merit

(FOM), which is:
FOM = D/(FWHM, + FWHM,,) 2)

Both neutron and gamma are semi-Gaussian functions; D is a metric of peak separation. To account for a variation
of rise time for the pulses with the different amplitudes (rise time correction), the constant fraction discrimination function
(CFD) was applied to the accumulated dataset. By varying the slow gate position to the long gate, it was solved the
best position for the FOM was solved during the fitting process. An algorithm has been developed that is capable of
automatically calculating the area integrals for predefined gates (Q; and Q). Using the Python code, the raw amplitude
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Figure 3. FOM calculation: distance D between neutron and gamma peaks, full widths at half maximum for gamma and
neutron peaks.

pulses were recorded from the oscilloscope during the exposition time to the host PC. After gate selection, for each recoded
pulse, the Ratio Qs/Qt was calculated. At the end of the ratio calculation, the resulting FOM is used to adjust the gate
and recalculate the FOM.

4. EXPERIMENTAL RESULTS

Similar results but with different equipment were examined by many researcher groups [11, 12] and our implemen-
tation following the main principle of charge integration. As a result, the measured FOM for stilbene scintillator was

0.715.
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Figure 4. The n-y discrimination spectra for stilbene scintillator 40 mm x 40 mm, PMT Hamamatsu R1307, Pu-Be source.

The shaping time of the amplifier was 2.0 us for all expositions, which is longer than the scintillation decay time.
The conventional organic scintillator stilbene corresponds to standard parameters in experiments, and it’s possible to use
a simplified acquisition path to evaluate the discrimination ratio.

5. DISCUSSION AND CONCLUSION

Our research shows a comprehensive approach to measuring FOM with modern oscilloscope equipment. The quality
of the stilbene scintillator may affect the resulting FOM. High-grade discrimination could be achieved with the simplified
electronic path, compared to classic zero-crossing (ZC) techniques, which utilize a more complex timing circuit [link]. An
obtained experimental dataset could be used for further analysis, for example, to train Al-based recognition models [link].
The energy threshold of the detecting system could be estimated with calibration at different energy sources [13]. The
charge integration method is effective for 100 keV electron energy with a range up to 4 MeV. The drawback of the charge
comparison method is mainly the higher lowest threshold energy. The method needs an oscilloscope with a bandwidth of
at least S0O0MHz, vertical resolution might be 8-bit, but a 12-bit ADC will provide a better particle identification (in a noisy
environment). PMT dynamic gain is important to achieving better discrimination at energy applications below 50 keV. A
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fitting procedure and data processing have been written using Python. Our approach demonstrates potential applications
for this setup in portable systems, especially in cost-efficient systems.
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JUCKPUMIHANIA HIBUAKUX HEWTPOHIB 3 BUKOPUCTAHHAM CIHHUHTIJIIATOPY CTUJIBBEHY
I. AAxnvenxo', I. Onmmenxo', O. Cignenpkmii'>, B. Tpycosa?, O. Tapacenko', II. Ky3nenos', C. JIutoBuyenko*,
0. Kysin!, O. Iyce'

I Kagpeopa ¢pisuru s0pa ma eucoxux enepeiii imeni O.1. Axiesepa, Xapriscvkuii
Hayionanvhuli ynieepcumem imeni B.H. Kapasina, Xapxis, Ykpaina
2Kagpedpa meduunoi ghisuxu ma Giomeduunux nanomexnonoziii, Xapxiecoxuii
HauioHanvHuii ynieepcumem imeni B.H. Kapasina, Xapxie, Ykpaina
3Biodin mexnonozii supowyeanns kpucmanie, Incmumym cyunmunsyiiinux mamepianie, HAH Yipainu, Xapxis, Yxpaina
4kagpedpa mamepianie peaxmopobydyeanus ma QizuuHux mexnorozii, XapKiecokuii
HayioHanavHuii ynieepcumem imeni B.H. Kapasina, Xapxie, Ykpaina
3Biddin zemepocmpyxmyposanux mamepianie, Incmumym cuyunmunsuyiiinux mamepianie, HAH Ykpainu, Xapxie, Ypaina
Y 11boMy JOCITi IKEHHI MU JOCITIKYBaJIM CUCTEMY IIBU/IKiCHOI OI[iHKY IOTOKY HEMTPOHIB, IKa BUKOPHCTOBYETHCS B €KCIIEPUMEHTAIBHUX
po060Tax 3 MPOEKTYBaHHS padialliilHOrO 3aXUCTY Ta [Isl 3aCTOCYBaHb, [¢ iIeHTU(IKaIli s MaTepiaiB Ha OCHOBI 3BOPOTHOTO PO3CiIOBaHHS
HEUTPOHIB € KPUTHYHO BakJIMBOI0. HailepeKTHBHILIIMM MiJX0A0M € HETPOHHO-TaMMa AUCKPUMIHALIi S 3 BUKOPUCTAHHAM CUUHTHIIATOPA
cTuibOeHy. Mu peanisyBajin JUCKPUMIHALIIIO 32 JOIIOMOIOI0 METO/y iHTerpyBaHHsI 3apsiay. 30ip AaHuX 0yJ10 3IiCHEHO 3a JOIIOMOT0I0
ocruiorpada 3 BUCOKOI YacTOTOI0 JucKperu3auii. KpucTaniunuii cTiiab0eH — e OpraHiyHuil CHUHTWIATOP, KU 100pe IiXoauTh

JUTSL IUBUIKOT 11eHTHU(iKallii HEUTPOHIB y cepeloBUIIAX 3 BUCOKUM OIPOMIHEHHSIM, CYITyTHIM raMMa-BUITPOMIHIOBAaHHSIM.
KurouoBi caoBa: inmezpysanms 3apsoy,; CUUHMUASMOPU; HEHUMPOHHO-2AMMA-OUCKPUMIHAUIS, BUSBNCHHS HAZEMHUX MiH, 360pOMHe
PO3CIt08AHHS HEUIMPOHIE
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