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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 C{-252.

Cf-252 source

Computér for
i Data collection

Dalat Nuclear Research Institute,
Vietnam

2. Using a Stilbene detector to measure
neutron/gamma discrimination for
medical proton therapy.

proton beam
direction

Chang Gung Memorial Hospital,
Taiwan.
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Materials

Scintillator Materials Photo detectors Electronic readout

EJ-276 (or EJ-299-33), PMT R6236-01, DRS-4 digitizer,
ELJEN TECHNOLOGY Hamamatsu PSI| Paul Scherrer Institut

N

Stilbene detector (aged)

Digitizer NI PXI-5152 (8bit ADC),
National Instrument, Corp. 5




1. Build a Plastic Scintillator detector EJ276 to
study neutron/gamma discrimination for C{-252.

Scintillator Materials Photo detectors Electronic readout

EJ-276 (or EJ-299-33), PMT R6236-01, DRS-4 digitizer,
ELJEN TECHNOLOGY Hamamatsu PSI Paul Scherrer Institut

Experiment has been done at the Dalat Nuclear
Research Institute, Vietnam



Plastic scintillation detector setup and DRS-4 digitizer

Aluminum/Mylar foil
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Table 3. Decay times (t) and the light intensities (I) for all tested scintillators.

Scintillator Particle Fast component ~ Medium component  Slow component  Background component
E1300 (from [181) T(ns) L (%) mms)  L(%) w(ns)  L(%)  74(ns) 1y (%)
gammas  3.7+04 80 31+3 10 140 + 10 7 790 + 80 3
neutrons 4.8 +05 46 3243 24 140410 20 620+ 60 11
EJ290.34 gammas 4.3 + 0.2 74 18+2 14 140 + 10 12 — —
Pl mewrons 45102 S8 03 18 M0E1S M o
gammas 4.6 = 0.3 73 19+2 16 130 £ 10 12 — —
1 EJ299-33
e newoms 5002 S 23 21 _180%Is 35— _ = L
gammas 5.3 =03 73 19+2 15 150 + 10 12 — —
EJ299-34G
neutrons 55+03 60  25+3 17 180+15 23 — —
EJ200-33G gammas 5.6 = 0.3 76 2243 13 160 + 15 11 — —
neutrons 5.8 +03 61 25+3 15 180+15 24 — —

ichannels

Input

DRS4 Evaluation Board V5

3;& :% ->

7777777 -

Sampling rate
2 GSPS

waveform of an event is digitalized
into 1024 sampling points ot i A o

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
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(https://www.psi.ch/en/drs/evaluation-board)




Gamma energy calibration

EJ-276 + PMT

o)
!ﬁf

[ i

GAMMA SOURCES | GAMMA ENERGY COMPTON EDGE
(KEV) (KEV)
NA-22

1061
1040

1274
1252.5 (EQUI.)

Gamma energy calibration for the detector is based
on Compton Edge.
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Experiment for Cf-252 source

Experiment set-up

. Gamma and neutron energy from
gamma Cf-252

.
\;‘
- -
o =1
w
[T I

4 uss
‘ DRS-4 3
%:::::::( ﬂ PMT _> Digitizer i‘;mz s eutron
Cylindrical g
pELEi v o

Cf-252 source .
is positioned at >
the center of a

cylindrical block TR
of paraffin. t ir

s
PR e

Computer fr
Data collection

Big ]
[ e - -
AN S S E
i [ E




Pulse shape discrimination (PSD) technique on Charge Ratio Q, .,

Pulse shape discrimination (PSD) technique
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Tail-to-Total Charge Ratio (Qm) method in PSD
Technique

Q.- Charge calculated within Tail gate
Quta: Charge calculated within Total gate

Figure of merit (FOM)
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Calculation of signal response of a scintillation detector with 3 decay components}

- - - - Signal with 3 scintillation decay
ots— Signal with RC circuit - Signal with Gaussian noise affect - components and Gaussian noise A: Decay constant
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Data analysis

“‘open” for Tail gate of 5% of the pulse height
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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 Q

ratio

technique for neutron/gamma discrimination.




Qratio

Q..o Method for Co-60 and Cf-252
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Analysis FOM for neutron/gamma discrimination of Cf-252 measurement
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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
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(8bit ADC)

Computer

Digitizer NI PX1-5152 (8bit ADC), National Instrument.
- 2 input channels

- 2 GS/s, 300 MHz

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

- https://www.ni.com/pdf/manuals/374443].pdf
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Neutron studies using Gate/Geant4 simulation toolkit

Using Gate/Geant4 Monte-Carlo simulation toolkit to study secondary neutron and
gamma from a water phantom irradiated by proton beam.

parrel-2 1,

parrel-1 ~ parrel-3

electron

Simulation of 100events

Number of events is 10.4x106.
Proton energy: 70MeV

Gate 9.0 and Geant4.10.6. I |
Analysis of parrel-1 % o
10° . . P
EEner(ydiStr bution " ‘°A§ gamma.~ Eis . 207e8 E

AN Mean 100.5
2w 9 Std Dev 16.76
§ = “ali
2 Tt E o
é 1 .'-ﬂ-,-ul,..m,.“._ma_r E ‘JJI H_‘“W_HH H
iy neutron =
B2k """.. T i , r eutrc?f‘yﬂn
: En =

F\ gamma

-
]
o
o

L
o
l '

>
s
= 2]
2 S
2 1T, [ o 10 jﬂr;w L i Neutron
S (Mev) (@)
o -
: i ) -
LI I r =

5001
7004
2
5001
[ISfao0(
301
201
101
o
701
0
50
40
20

Thera, [Degree]

10; JJ
Hﬁ# Angular distribution “L%

10/‘ | I - | L1 | | 1 L 1l 1 | I ) L ) ) ) ) ) L L L
0 10 20 30 a0 50 60 70 ID 20 40 60 80 100 120 140 160 180
Energy (MeV) Thera, [Degree]

Energy (MeV)



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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1. Research Areas:

Full name: Vo Hong Hai
Academic title: lecturer
Administration title: Deputy head, (2)- Geant4/Gate simulations for radiation studies,
External Relation Office Contacts: ) o )

Email: vhhai@hcmus.edu.vn Website: (3)-Environmental radiation studies,

https://sites.google.com/hcmus.edu.vn/re . i i
wes/ IEEE member: 93983296 (4)-Neutron production from Medical Linear Accelerator.

(1)-High-Tech electronic readout for radiation detectors,

2. Faculty/Department/Laboratory/Office

- Dept. of Nuclear Physics, Faculty of Physics & Engineering Physics
- External Relation Office (Deputy head)

3. Research Activities

(1)- Online real-time radiation monitoring systems

(2)- FPGA trigger system for coincidence detector.

(3)- plastic scintillation detector for neutron/gamma discrimination
(4)- Studies on neutron production in Medical Linear Accelerator

(5)- Geant4/Gate simulation for radiation detector and LINAC.

4. Research projects:

Nomachi’s group, Osaka University, Japan).

Japan).

Nafosted foundation.

(1)-Collaboration project of advanced electronic development (with Prof.

(2)-Collaboration project (E36) of advance electronic development (KEK,

(3)-Study on Cosmic-ray induced background on HPGe detector, National



