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Outline

In this talk, I will present two experiments to study neutron/gamma discrimination.

1. Build a Plastic Scintillator detector EJ276 to 

study neutron/gamma discrimination for Cf-252.

Water phantom

Stilbene 

Dalat Nuclear Research Institute, 

Vietnam 

Computer for

Data collection

Detector
Cf-252 source

Chang Gung Memorial Hospital, 

Taiwan.

2. Using a Stilbene detector to measure 

neutron/gamma discrimination for 

medical proton therapy. 



I am here
Ho Chi Minh city

Dalat Research Institute

Chang Gung Memorial 

Hospital, Taiwan.

3-hour flight

45-min. flight

Hanoi Capital



Materials

Scintillator Materials Photo detectors Electronic readout

PMT R6236-01,

Hamamatsu

EJ-276 (or EJ-299-33), 
ELJEN TECHNOLOGY

DRS-4 digitizer,

PSI Paul Scherrer Institut

Stilbene detector (aged)

Digitizer NI PXI-5152 (8bit ADC), 

National Instrument, Corp.



1. Build a Plastic Scintillator detector EJ276 to 

study neutron/gamma discrimination for Cf-252.

Scintillator Materials Photo detectors Electronic readout

PMT R6236-01,

Hamamatsu

EJ-276 (or EJ-299-33), 
ELJEN TECHNOLOGY

DRS-4 digitizer,

PSI Paul Scherrer Institut

Experiment has been done at the Dalat Nuclear 

Research Institute, Vietnam 



Plastic scintillation detector setup and DRS-4 digitizer

USB 2.0 

connector 

Input 

channels
DRS-4

waveform of an event is digitalized 

into 1024 sampling points

Sampling rate 

2 GSPS

(60x60)mm2

Square PMT 

(R6236-01-

Hamamatsu)

(14x14x40)mm3

ELJEN technology

HV cable

Signal out 

PMT

DRS-4 

Digitizer
PC

Aluminum/Mylar foil

Plastic scintillator

(EJ-276)

USB

HV

Signal out

DRS-4 digitizer:

- 4 input channels.

- 0.7 GSPS to 5 GSPS with 1024 sampling points

- Maximum readout rate is about 500 events/sec.

- DRS4 Developer stefan.ritt@psi.ch 
(https://www.psi.ch/en/drs/evaluation-board)



Gamma energy calibration

DRS-4

EJ-276 + PMT

HV supply

GAMMA SOURCES GAMMA ENERGY

(KEV)

COMPTON EDGE

(KEV)

NA-22 511 340

1274 1061

CO-60 1252.5 (EQUI.) 1040

Gamma  energy calibration for the detector is based 

on Compton Edge.
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Experiment for Cf-252 source

Computer for

Data collection

Detector

Cf-252 source 

is positioned at 

the center of a 

cylindrical block 

of paraffin.

PMT

DRS-4 

Digitizer

PC

USB

HV

Cf-252 

source

Cylindrical 

block of 

paraffin

Energy (MeV)
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.)

neutron

gamma

Gamma and neutron energy from 

Cf-252

Reference only! 

Experiment set-up
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Total charge, Qtotal

Tail charge, Qtail

Gamma pulse
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Qratio

FWHMgamma

FWHMneutron

S

FOM = 
S

FWHMgamma+FWHMneutron

FOM=1.27

Pulse shape discrimination (PSD) technique on Charge Ratio Qratio

Figure of merit (FOM)

Qratio = 
Qtail

Qtotal

Qtail: Charge calculated within Tail gate

Qtotal: Charge calculated within Total gate

Pulse shape discrimination (PSD) technique

Neutron pulse

Tail-to-Total Charge Ratio (Qratio) method in PSD 
Technique

EJ-276

FOM = 
S

FWHMgamma+FWHMneutron

neutron

gamma



PMT R6236-01 is a 60x60mm2 rectangular PMT 
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Fitting parameters: A1, A2, A3, θ, λ1, λ2, λ3, σ, μ.
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Calculation of signal response of a scintillation detector with 3 decay components

Data fitting

Fitting parameters Gamma Neutron

θ 0.124 ± 0.034 0.142 ± 0.048

λ1 0.266 ± 0.075 0.328 ± 0.073

λ2 0.055 ± 0.019 0.059 ± 0.019

λ3 0.016 ± 0.010 0.009 ± 0.005

From measurement data 

for Co-60 and Cf-252
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“Open gate” for tail charge integration (%)
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SUMMARIZE
- Equation to describe the pulse response for the EJ-276 scintillation detector with 3-decay 

components and gaussian noise. 
- Determine characteristic parameters OF scintillation detector from measured data.
- Optimization of Qratio technique for neutron/gamma discrimination.  

Previous work [#717, RT Conf. 2018]This work
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Qratio method for Co-60 and Cf-252

Co-60
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gamma
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Note: keVee (keV electron equivalent)
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Analysis FOM for neutron/gamma discrimination of Cf-252 measurement
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Comparisons

Energy 

threshold 

(keVee)

FOM from other 

work

This work

(new method)

100 0.84
J.Iwanowska-Hanke

(2014)

IOP Science [5]

0.96±0.01

180 0.96
S.A. Pozzi

(2013)

NIMA [6]

1.24±0.01

200 0.93
Pauline Blanc 

(2014)

NIMA [7] 

1.27±0.01

200 0.76
S. Nyiblue (2013)

NIMA [8]

1.27±0.01

300 1.01
A.Jancar (2015)

Radiation Physics 

and Chemistry [9]

1.40±0.02

• The FOM quantities calculated from this work

show better FOM quantities in comparison

with other works.

FOM versus energy cuts.



2. Using a Stilbene detector to measure 

neutron/gamma discrimination for 

medical proton therapy. 

Stilbene scintillation 
detector (aged)

(2in. x 2in.)
Digitizer NI PXI-5152 (8bit ADC), 

National Instrument, Corp.

Experiment has been done at Chang Gung Memorial Hospital, Taiwan.



Experiment set-up for neutron/gamma measurement 

Water phantom

Proton beam

132MeV

Stilbene scintillation detector

Pb

Time (a.u.)
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Digital pules of Stilbene scintillator detector

Protons@132MeV

Qtotal

Qtail

Qratio=Qtotal/Qtail

Water phantom

Stilbene 

Lead

Stilbene detector

(2in. x 2in.)

Digitizer NI PXI-5152 (8bit ADC), National Instrument.

- 2 input channels

- 2 GS/s, 300 MHz

- 8-Bit/ 4Volt-range (~20mV resolution)

- https://www.ni.com/pdf/manuals/374443j.pdf

NI PXI-5152 

(8bit ADC)
Computer

https://www.ni.com/pdf/manuals/374443j.pdf


Analysis of Qratio
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Proton@70MeV 
r=5cm

l = 6.12cm

Neutron studies using Gate/Geant4 simulation toolkit
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Using Gate/Geant4 Monte-Carlo simulation toolkit to study secondary neutron and 

gamma from a water phantom irradiated by proton beam. 

parrel-1 parrel-2 parrel-3

World

gamma

Proton@70MeV

Water

neutron

electron

Simulation of 100events

Air

Angular distribution
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Analysis of parrel-1

Number of events is 10.4x106.

Proton energy: 70MeV

Gate 9.0 and Geant4.10.6.



Summaries 

▪ There are several types of scintillator materials can be used to

separate neutron/gamma background.

▪ Traditionally, PMT has been good or suitable for scintillator materials.

Recently, SiPM or MPPC becomes more attractive to replace PMT.

▪ Fast Digitizer with high resolution of time and voltage is perfect for

PSD technique.

▪ For neutron studies in Medical radiotherapy, high-energy secondary

neutron is very interesting to study. This technique might be useful

for that.



Thank you very much for your attention! 
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(2)- Geant4/Gate simulations for radiation studies,
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