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Abstract — We studied fast plastic
scintillation detector array. The array
consists of four cuboid bars of EJ200 , each
bar with PMT readout at both ends‘ The
geometry of the detector, energy deposition
in the scintillator slgb mal generation  and
energy response have cen slmlllnted Imsed
on Monte Carlo. The d

with two decay components: the fast one with
decay time less than a nanosecond » and the
slow one has decay time of hundreds of
nanoscconds. The photons are oulleutcd on

c of the pl 1 tube
(PMT), and then these photons are converted

and the real events selection have been
obtained while the background noise has
been reduced by using two-end readout
timing window coincidence. We developed
an off-line analysis code, which is suitable
for massive data from the digitizer. We set
different coincidence timing windows, and
did the off-line data processing respectively.
It can be shown that the detection efficiency
increases as the width of the timing wi
increases, and when the width of timing
window is more than 10ns, the detection
efficiency will slowly grow until it reaches
saturation. Therefore, the best timing
window paramecter T as 16ns is obtained for
the  on-line coincidence surement.
When exposure to *'Cs y -ray irradiation,
a 12 ¢m position resolution can be achieved
while reaching the timing resolution of
0.9ns. The pulse integration of signals of the
detector is in proportion (o the energy of
incident  particles,  Furthermore, — the
geometrlcal mean of the dual-ended signals,
is almost independent of the hit
pos ion, could be used as the particle
energy. Therefore, this geometrical mean as
the energy of incident particle is calibrated
\ia the Compton edges of “Co source, *'Cs
urce and the natural “K, 2%TI, and
I‘e'lﬂl)lllt) of the calibration results has been
iynproved Besides, the energy response is
inear,

Index  Terms--—scintillation detector,
coincidence measurement, timing resolution,
position resolution, cnergy calibration

1. INTRODUCTION

‘When an incident particle interacts in a
scintillator, it can cause ionization and
excitation of the atoms and molecules of the
scintillator. The energy of the incident particle
1s deposited in the scintillator |1]. The decay
of excited atoms and molecules back to their
ground states results in a emission of photons
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Fig. 3. Schematic diagram cf the time difference between the
signals at both nds of the detecton(x—0).

IV. POSITION RESOLUTION AND
ENERGY RESPONSE

This paper finds the best coincidence
timing window paramctor as 16ns for the on-
line coincidence measurement, see Fig. 5
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Fig. 5. Detoction effictency vs. the comeidence tming window

for the scintillation detector.
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Fig. 6. Time differcnce of signals generated from real cvents at
bath ends of the scintillaor throvgh Gavssian fitling with the

to and amplified. The output
signals of the scintillation detector depend on
both the energy and the hit position of the
incident particle. Besides, false signals come
from the dark current and noise also. When
the dval-ended readout is taken, we need
methods o get hit position and encrgy of the
particles, and also need to select the real
ovents [2]. In this paper, we got real ovents
from incident particles with the background
noise reduced by using two-end readout
timing window coincidence.

EJ-200 plastic scintillation detector array
and its data acquisition system have been sct
up for radiation measurement in our laboratory.
The scintillation detector array consists of four
EJ-200 plastic scintillators which have dual-
ended PMTs. The EJ-200 plastic scintillator
combines two main benefits of long optical
attenuation length and fast timing. On the
basis of coincidence measurement, we picked
out the real events from the timing window of
signals, and optimized the timing rosolution,
position resolution and energy response of the
detector.

II.  SCINTILLATION DETECTION AND

DATA ACQUISITION SYSTEM

The plastic scintillator used in this work
was provided by the ELJEN Enterprises, USA.
The scintillator (denoted by the ELJEN
number EJ-200) had dimensions:
SemxScmx125ecm The decay time of the
scintillator is at the lovel of ns, and the rise
time is less than Ins. The EJ-200 plastic
scintillator was coupled to an ET Enterpriscs
93138 PMT.

A VME bus system was used in our
laboratory, and a schematic diagram of the
detection system is shown in Fig. 1
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Fig. 4. Af (ns) , time difference of signals at both ends of the
detector v. (cm), the distance between the kit position and the
left side of the scintillator.
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Flg 7. Time difference versus the position of the sadiation
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Since the two PMTs at both end of the
plastic scintillation detector studied in this
work are pearly the same, the (iming
resolution of the detector, a;, can be defined as:

0] =0, +0; (2)
where o; and o; represent the timing
resolution at each end of the detector,
respectively. Besides, if the scintillator used in
(his work has the intrinsic liming resolution
(denoted by o ) and substituting the transit-
time spread of the PMT, & ,,,;, for its timing
resolution [3]. and then o, the timing
resolution of the scintillation detector in this
work can be represented as:
2.2 2
oy =0y * 2apiy 3)

The effective transmission speed of the
signals in the scintillator is represented by
Co [4]. Furthermore, it has been concluded
that the integral charge of the signals at both
ends, ID(QL QR) is linearly associated with
x. Therefore, the position resolulion o, is
obtained :

O, S O5%0 4

By exposing the scintillation detector to
the ¥7Cs  y -ray source, a timing resolution of
0.9ns is reached (when the best coincidence
timing window 7 = 16ns ), see Fig. 6. Time

‘The D1'5751 is a 4 channels 10 bit 1 GS/s
Desktop Waveform Digitizer with 1 Vpp input
dynamic range on single ended MCX coaxial
connectors. The DT5751 Waveform Digitizer,
which is taken in on-line coincidence
measurement, has replaced some complex
modules in the traditional coincidence circuits.

The V6333 is a 6 channels High Voltage
Power Supply in 1 unit wide VME 6U modulc.

The online Digital Pulse Processing for
Pulse Shape Discrimination firmware(DPP-
PSD) was used in this study. Under the frame
of DPP-PSD, we got the on-line waveforms
and the energy histograms. Besides, the lists
for the on-line data were obtained from the
digitizer, and were further processed by
ROOT. an off-line data-analvsis software.
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Fig.1. Schematic diagram of the experimental setup.

ML SIMULATION AND ITS RESULTS

The core idea of the coincidence
measurement is to pick out the real event
according o the timing window of signals.
The key technical parameter of the
coincidence circuits is the coincidence timing
window 7 . See in Fig. 2, if x, the distance
between the hit position and the left side of the
scintillator, corresponds to time 7, and T-x,
the distance between the hit position and the
right side of the scintillator, corresponds to
time 12, then, the timing window of signals can

be represented by 7 = [t — ¢ If the
incident particles hit in the middle of the
detector, |1 = 12| = 0; If the incident particles

hit in either end of the detector, |t| —1

is up
to the maximum value of the timing window.
The truc cvents take place in tho span of
|l| — 12| . When the time interval between two

pulses is less than 7 , it outputs the
coincidence pulse; otherwise it rejects. The
timing window parameter can be used both in
on-line analysis and off-line analysis

difference of signals. which 1s generated from
real events at both ends of the scintillator, and
the position of the radiation source is near to a
linear relationship (see Fig. 7), which fits the
simulation results by Geant4. In Fig. 7, the
slope of the fit line is (.15, and the position
resolution of the detector reaches 12cm. The
pulse integration of signals of the detector is
in proportion to the cncrgy of incident
particles [5]. Furthermore, the geometrical
mean of the dual-ended signals, which is
almost independent of the hit position, could
be used as the particle energy. Therefore, this
geomelrical mean as the energy of incident
particle is calibrated via the Compton edges of
%Co source, '*’Cs source and the natural 'K,
271, and the reliability of the calibration
results has been improved. The gamma ray
energy, E, , Compton edges, £, , the ADC
number of the photopeak, cfy, tlne standard
deviation of the photopeak, o, the ADC
number of the Compton edges, ch., are listed
in Table I The cnorgy calibration of (he
detector see Fig.8. It is shown that the energy
rosponsc is lincar within the lower cnergy
range.

Equation® f{x) = p1*x + p2
Conf i

pi= . 0.0007334)
2= 008395 (02841,0.0817)
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Fig. 8. The energy calibration of the detector { Oy = YR ,
which s imelevant to the hit position. ¢; (or 0z ) represeats the
integral charge of the signals at the lef(or right) end of the
detector ): crosses are experimental data and the curve represents
the best-fitting.

Table I
The Compton edges of different radioactive
sources
B IEX1 P I I
1173
Co. 1.0408 1603 312 1968
133
gy 0.562 04777 679 154 860
e 1.461 12435 1710 289 2048
e 2514 22 | s | s | 373

The detector has been simulated based on
Monte Carlo, including its geometry and
particle interactions in the scintillator.

In Fig. 2, x, the distance between the hit
position and the left side of the scintillator, is
shown, and Af , the time difference between
the signals at both ends of the detector, is
shown in Fig. 3, then, the A/ -x curve is
simulated in Fig. 4

In Fig. 4, the time difference of signals at
both ends of the scmtillator is linear to the
distance x, and Af -x is linear up to 9ns.
Considering the transit-time jitter of the PMT,
which is determined as 1.17ns, then, the
maximum time difference in case of a true
cvent is cstimated to be 11ns.

‘We developed an off-line analysis code,
which is suitablc for massive data from the
digitizer, in order to find a reasonable timing
resolution window for on-line experiment.
The detection efficiency &,(f) can be
expressed as the ratio between the number of
the coincidence particles(denoted by ) and
the number of the particles produced by the
radiation source during detection (denoted by

e () = 22X 100% ()

The simulations based on the 'Cs -
ray source were done. The experiment time is
1000s. Set different coincidence timing
windows, and do the off-line data processing
respectively.  Detection  effiviency — versus
coincidence timing window is given in Fig. 5
The black dots in the figure stand for
experiment data and the curve is a fitted curve
obtained by the off-linc programs based on
ROOL. It can be observed that detection
efficiency is changing over the value of the
coincidence timing window, and the width of
timing window is more than 10ns, the
detection efficiency will slowly grow until it
reaches about 20%. Therefore, this paper sets
the best liming window parameler 7 as 16ns
for theuon-lme coincidence measurement
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Tig. 2. Schematic diagram of the distance between ths hit
pesition and the left side of the scintillator.

V. CONCLUSION

The rcal cvent sclection,  timing
resolution, position resolution and energy
response of the EJ-200 plastic scintillation
detector have been analyzed using timing
window coincidence measurement. The
detector was simulated based on Monte Carlo,
including its geometry, energy deposition in
the scintillator, photon collection and signal
generation. The decay time of the pulse of
scintillator is at the level of ns, and the rise
time is less than Ins. Theoretical derivation
and simulation results showed that A7 , time
difference of signals at both ends of the
detector, was linear with x, distance between
the hil position and the left side of the
scintillator, and A7 -x curve was linear up to
9ns. Besides, time and position response have
been measured by exposing to a '*'Cs } -ray
source. The best coincidence timing window
parameter is 16ns, and the position resolution
is up to 12cm. Since the pulse integration of
signals of the detector is in proportion to the
energy of incident particles, the geometrical
mean of the dual-ended signals, which is
almost independent of the hit position, could
be used as the particle energy to calibrate the
energy response of the detector via the
Compton edges of “Co source, *'Cs source
and the natural “K, **°T1. The reliability of the
calibration results has been improved. It was
shown that the energy response of the detector
was linear within fhe experimental energy
range
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