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Nuclear Reactors in Turkey

 The first NPP construction has been recently started at Akkuyu.

✓  It is planed to start operations in 2025-2026.

✓  There will be 4 power units with capacity of 1200 MWe (Pth = 3200 MWt) each.

✓  Enriched uranium dioxide is the fuel.

 Construction of additional NPP in Sinop and İgneada is being planned near future.

 National and independent safeguard application is very crucial .

 Monitoring NPP with a compact particle detector is possible. 

2

Akkuyu NPP

Sinop NPPİgneada NPP



Sertac OzturkSertac Ozturk

Outline

 Motivation

 Detector Design and Simulation Results

 Future Plans

 Conclusion

2

Segmented Plastic Scintillator Detector 

 Gadolinium-loaded 
segmented plastic scintillator 
modules for antineutrino 
detection.

 There are 25 identical 
10x10x100 cm gadolinium-
loaded polyvinyltoluene 
based plastic scintillators. 

It is about 250 kg and about 
1185 antineutrino events can 
be observed per a day when 
it is placed 50 m away  from 
the 3.2 GWt reactor core.  
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Event Topologies and Machine Learning 
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Synthesis of Plastic Scintillators 

5

 A typical plastic scintillator consists of three components:

✓  polymer base, primary fluor (first additive), and wavelength 
shifter (second additive).

 Gd additive could be salt, organometallic or nanoparticles.

✓ Transparency problem for nanoparticles

 The plastic scintillator samples are produced using the thermal 
bulk polymerization technique. 

✓ Size and shape limitation

Name Tg (°C)  d (g/cm3) n  lem (nm) 

Polyvinyltoluene (PVT) 93-118 1.02 1.59 315 
Polystyrene (PS) 100 1.04-1.065 1.59 310 

 
 

Name Abbrev. labs (nm) lem (nm) f  T (ns) 

p-Terphenyl PTP 288;276 335;339 0.85 1.2 
2,5-Diphenyloxazole PPO 303;308 365;375 0.8 1.6 
2-phenyl-5-(4-biphenylyl)-
1,3,4- oxadiazole 

PBD 305;302 360;365 0.8 1.2 

 
Name Abbrev. labs (nm) lem (nm) f T (ns) 
1,4-bis(5-phenyl-2- 
oxazolyl)benzene 

POPOP 365 415-417 0.85 1.3 

1,4-bis(2- 
methylstyryl)benzene 

Bis-MSB 347-350 420 0.96 1.6 

9,10-
diphenylanthracene 

DAP 366-375 430 0.95-1.0 7.3 
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Gd Loaded Plastic Scintillator
 3 different types plastic scintillator samples are 
produced to determine optimal content.

✓ Polyvinyltoulene as polimer base

✓ PPO as primary flour (1.5%)

✓ POPOP, bis-MSB and DAP as secondary flour 
(%0.08)

✓ Gd(TMHD)3 as Gd additive (%0.2)

✓ φ=2.2 cm, h=3 cm

 Transmission rates in 1 cm length are around 85%.
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CAEN 
DT5790

Digitizer

-HV
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Light Yield Measurement
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PC
Second additive 
that gives the 
highest light yield is 
used in the 
detector.

The measurements 
were done using 4 
different gamma 
sources.

The compton- edge 
region in the 
energy distribution 
is fit with the 
Gaussian function 
and 80% values in 
the energy tail of 
the peak are taken. 

bis-MSB

POPOP DAP
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Linearity of Gd Loaded PS

 PS samples have a good 
energy linearity.

 Relative light yield values 
are acceptable.

bis-MSB has the highest LY.

8

Samples 22Na 137Cs 54Mn 60Co 22Na Rel. LY @ 80%

EJ-200 100 100 100 100 100 100

bis-MSB 67.63 66.86 67.33 67.03 66.84 67.14 ± 0.14

POPOP 63.77 63.06 63.14 63.35 62.84 63.23 ± 0.14

DAP 57.00 56.29 56.51 56.72 55.88 56.48 ± 0.17

22Na

137Cs

54Mn

60Co

22Na

C. Frangville, A. Grabowski, J. Dumazert et al. Nuclear Inst. and Methods in Physics Research, A 942 (2019) 162370

Table 1
Typical thermal neutron absorptions.
Isotope Thermal neutron capture reaction 25 meV cross section (Barns) Natural isotopic abundance (%)
3He 3

2He + n ô 3
1H + 1

1p 5,330 0.000137
6Li 6

Li + n ô 3
H(2.73 MeV) + ↵(2.05 MeV) 940 7.5

10B 10
B + n ô 7

Li
< + ↵(1.47 MeV) ô 7

Li + ↵(1.8 MeV) + � (0.48 MeV) 3,840 19.9
113Cd 113

Cd + n ô 114
Cd + �

®
s (9 MeV) 20,600 12.2

155Gd 155.157
Gd + n ô 156.158

Gd
< ô 156.158

Gd + e
* + �

®
s (8 MeV) 60,900 14.7

157Gd 254,000 15.7

dispersed oleic-capped lithium fluoride nanocrystals in a polysiloxane
matrix [7–9].

Based on this strategy, we present our results regarding chemical
modifications of plastic scintillators, firstly with a high concentration
of primary fluorophore for the detection of fast neutrons. It is now
well known that materials may present pulse shape discrimination
(PSD) properties thanks to the difference between delayed and prompt
fluorescence [2], and two of them are currently commercially available
from Eljen Technology and Amcrys. Secondly, by adding not only
lithium NPs, but also a mixture of lithium and boron, namely in the
form of lithium tetraborate Li2B4O7, we take advantage of these two
neutron absorbers to largely increase thermal neutron capture effi-
ciency. In the field of radiation detection, lithium tetraborate is already
known as a tissue equivalent thermoluminescent, gamma-ray dosimeter
[10]. However, to the best of our knowledge, scintillators loaded with
a mixture of two or more neutron absorbers are poorly studied [11,12].
From this combination, we expect a counting sensitivity improvement
of both fast and thermal neutrons, especially in the case where small
sensors are used such as in hand-held devices.

Thus, the first section presents the MCNP6.1 simulation, which
supports our motivation and theory. This simulation allows us to de-
termine the trend of the response of a homogeneously loaded plastic
scintillator with Li2B4O7 NPs. It shows that for a 10-cm3 size sample,
starting with 0.1 weight percent (wt%) loading may already give a
relevant capture rate which could be detected. Then the fast and
thermal neutron/gamma discrimination is evaluated by exposing the
NP-loaded plastic scintillator to a partially thermalized 252-californium
radioactive source, used as a SNM laboratory surrogate. To confirm
all the nuclear processes occurring in the material, several hypotheses
were formulated. A boron-containing chipboard wood cage was built
and a PSD subtraction method was designed which highlights the
signature of up to four different interactions: gamma and fast neutrons
are easily separated by PSD, and two extra features – corresponding to
thermal neutron capture by lithium and boron – appear as well.

2. Experimental section

The synthesis of our material is reported elsewhere [13]. 0.3 wt% of
fully enriched 6Li210B4O7 NPs were added to an argon-saturated solu-
tion of monomers containing PPO (20 wt%) and POPOP (0.03 wt%).
No initiator has been used in the polymerization process. 5 cycles
of degassing under vacuum were performed then the mixture was
poured in a glass jar and sealed under argon atmosphere and cured
between 60–110 ˝C for 10 to 15 days. After complete polymerization,
the mold was shattered and the free piece was cut and polished un-
til obtaining an optical-grade surface. Ultimately, the scintillator was
covered with Teflon® tape to optimize optical focalization towards
the photomultiplier tube, thereby allowing gamma spectra and n/�
discrimination experiments. The diameter of the scintillator is 32 mm
and the thickness 11 mm, weight 9.64 g, absolute density 1.09 g cm*3.

EJ-200 plastic scintillator was obtained from Eljen Technology.
Gamma-ray spectra were recorded as follows: the sample was opti-

cally coupled with RTV141A optical grease to a Hamamatsu R7724-100
photomultiplier. A 387-kBq 60Co source was used to excite the material.
Two experimental series were performed: one with the prepared plastic
scintillator and the other with a commercial sample of same size.

Pulses coming from the PMT were sorted and treated with a custom-
made electronic board. The high voltage was kept constant during both
experiments, using a stabilized high voltage module N1470 from CAEN.
The Compton edge (CE) was fitted with a Gaussian function and the
accurate determination of the Compton edge position was evaluated at
80% of the decrease of this Gaussian shape. By rule of thumb, the light
yield of the prepared plastic scintillator sample could be determined
from the commercial data sheet (herein 10,000 ph/MeV for EJ-200
plastic scintillator):

R
sample

= R
EJ*200 ù V

CE,sample
_V

CE,EJ*200

where R is the light yield, and V is the channel of the Compton edge
position.

In order to assess its neutron/gamma discrimination ability, the
scintillator was coupled using RTV141A optical grease to a Hamamatsu
H11284MOD photomultiplier tube fed with a CAEN N1470 high volt-
age operating in negative mode. The {scintillator + PMT} system was
placed 15 cm away from a 252Cf source (˘ 1.8 MBq activity), the latter
being partially thermalized with a 10 cm thick polyethylene brick. To
reduce the gamma-ray incident flux on the sample, a 5 cm denal®
brick (a tungsten-based alloy) was added between the 252Cf source
and the polyethylene brick. The anode signal fed a CAEN DT5730B
digitizer, running with the DPP-PSD software. Scintillation pulses were
then recorded and post-processed using a charge-comparison method
[14]. The Figure of Merit was finally calculated; it is a standard factor
for the evaluation of the n/� discrimination power and has already been
fully referenced in [2]. Along with this experiment and with the strictly
same setup, an energy calibration was performed with a 530 kBq 137Cs
source. The quality of the PSD was quantitatively estimated from the
calculation of the Figure of Merit (FoM), which has the following
formula:

FoM =
ÛÛÛ�n * �

�

ÛÛÛ
2.35(�2

n
+ �2

�
)

where �n and �
�
are the mean values of the neutron and the gamma ray

peaks, and �n and �
�
are the standard deviations of neutron and gamma

distributions fitted with Gaussian functions N
�
�
n
, �

n

�
and N

�
�
�
, �

�

�
.

3. Results

3.1. Simulation of the spectral signature and capture rate of thermal neu-
tron radiations in Li2B4O7 loaded plastic scintillator

The addition of both boron and lithium is firstly motivated by
the fact that these elements ultimately release energetic and charged
particles after the capture of a slow neutron. The nuclear reactions
underlying the emission of these products are:

– the 10B (n, ↵) absorption reaction: thermal neutrons are absorbed
by boron-10 nuclides, which is of natural abundance close to
20%. Following the absorption, the nucleus disintegrates follow-
ing Eq. (A) with a 6% probability, and following Eq. (B) with a
94% probability, owing that the produced lithium-7 nucleus is
found in its fundamental or excited state.
10
5B + 1

0n ô 7
3Li +

4
2He (A)

2
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Epoxy Resin Based Gd Loaded PS

 Size of PS is limited with size of the oven.

Epoxy resin base could be a good option for Gd 
loaded PS production.

✓ Size of silicon mold

✓ Ready in two days

✓ Cheaper

 High viscosity is better for nanoparticle loading.

✓ Nanoparticles tend to have higher thermal and air 
stabilities than the organometallics.

✓ The transmittance  loss of nanoparticle embedded 
polymer as a result of Rayleigh scattering.

 3 epoxy resin based PS were produced.

✓ 1.5% PPO and 0.08% bis-MSB

✓ 0.2% Gd(TMHD)3  and Gd nanoparticle (particle 
size:13-95 nm)

✓ φ=3 cm, h=4.5 cm

 No yellowish in epoxy resin based with Gd 
organometallic loading.

9

EJ-276 Epoxy
PS

Epoxy
PS-Gd

Epoxy
PS-Gd Nano
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Light Yield of Epoxy PS
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Linearity of Epoxy Based PS

11

Samples 22Na 137Cs 54Mn 60Co 22Na Rel. LY @ 80%

EJ-276 100 100 100 100 100 100

Epoxy 34.29 33.58 32.68 31.86 31.70 32.83 ± 0.44

Epoxy-Gd 33.12 32.47 31.52 30.44 30.49 31.61 ± 0.48

Epoxy-Gd NP 27.87 27.32 26.27 25.31 24.77 26.31 ± 0.52

 Epoxy resin based PS samples 
have a good energy linearity.

 Relative light yield values are 
about 30% of EJ-276

Despite its opaque structure, 
the nanoparticle additive does 
not reduce the light efficiency 
much. 

22Na

137Cs

54Mn

60Co

22Na
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Li2B4O7 NP Loaded PSD PS
 Detecting thermal neutrons and fast 
neutrons with a NP loading plastic 
scintillator becomes emerging field.

Thermal neutron detection with 6Li, 10B, 
113Cd and 155,157Gd.

Fast neutron detection with plastic 
scintillator containing high concentration 
of primary flor using pulse shape 
discrimination (PSD) technique.

 PSD sensitive PS with Li2B4O7 

nanoparticles could be great option for 
neutrino detectors.

 Project has just funded and Li2B4O7 

nanoparticles synthesis has started.

12

C. Frangville, A. Grabowski, J. Dumazert et al. Nuclear Inst. and Methods in Physics Research, A 942 (2019) 162370

Table 1
Typical thermal neutron absorptions.
Isotope Thermal neutron capture reaction 25 meV cross section (Barns) Natural isotopic abundance (%)
3He 3

2He + n ô 3
1H + 1

1p 5,330 0.000137
6Li 6

Li + n ô 3
H(2.73 MeV) + ↵(2.05 MeV) 940 7.5

10B 10
B + n ô 7

Li
< + ↵(1.47 MeV) ô 7

Li + ↵(1.8 MeV) + � (0.48 MeV) 3,840 19.9
113Cd 113

Cd + n ô 114
Cd + �

®
s (9 MeV) 20,600 12.2

155Gd 155.157
Gd + n ô 156.158

Gd
< ô 156.158

Gd + e
* + �

®
s (8 MeV) 60,900 14.7

157Gd 254,000 15.7

dispersed oleic-capped lithium fluoride nanocrystals in a polysiloxane
matrix [7–9].

Based on this strategy, we present our results regarding chemical
modifications of plastic scintillators, firstly with a high concentration
of primary fluorophore for the detection of fast neutrons. It is now
well known that materials may present pulse shape discrimination
(PSD) properties thanks to the difference between delayed and prompt
fluorescence [2], and two of them are currently commercially available
from Eljen Technology and Amcrys. Secondly, by adding not only
lithium NPs, but also a mixture of lithium and boron, namely in the
form of lithium tetraborate Li2B4O7, we take advantage of these two
neutron absorbers to largely increase thermal neutron capture effi-
ciency. In the field of radiation detection, lithium tetraborate is already
known as a tissue equivalent thermoluminescent, gamma-ray dosimeter
[10]. However, to the best of our knowledge, scintillators loaded with
a mixture of two or more neutron absorbers are poorly studied [11,12].
From this combination, we expect a counting sensitivity improvement
of both fast and thermal neutrons, especially in the case where small
sensors are used such as in hand-held devices.

Thus, the first section presents the MCNP6.1 simulation, which
supports our motivation and theory. This simulation allows us to de-
termine the trend of the response of a homogeneously loaded plastic
scintillator with Li2B4O7 NPs. It shows that for a 10-cm3 size sample,
starting with 0.1 weight percent (wt%) loading may already give a
relevant capture rate which could be detected. Then the fast and
thermal neutron/gamma discrimination is evaluated by exposing the
NP-loaded plastic scintillator to a partially thermalized 252-californium
radioactive source, used as a SNM laboratory surrogate. To confirm
all the nuclear processes occurring in the material, several hypotheses
were formulated. A boron-containing chipboard wood cage was built
and a PSD subtraction method was designed which highlights the
signature of up to four different interactions: gamma and fast neutrons
are easily separated by PSD, and two extra features – corresponding to
thermal neutron capture by lithium and boron – appear as well.

2. Experimental section

The synthesis of our material is reported elsewhere [13]. 0.3 wt% of
fully enriched 6Li210B4O7 NPs were added to an argon-saturated solu-
tion of monomers containing PPO (20 wt%) and POPOP (0.03 wt%).
No initiator has been used in the polymerization process. 5 cycles
of degassing under vacuum were performed then the mixture was
poured in a glass jar and sealed under argon atmosphere and cured
between 60–110 ˝C for 10 to 15 days. After complete polymerization,
the mold was shattered and the free piece was cut and polished un-
til obtaining an optical-grade surface. Ultimately, the scintillator was
covered with Teflon® tape to optimize optical focalization towards
the photomultiplier tube, thereby allowing gamma spectra and n/�
discrimination experiments. The diameter of the scintillator is 32 mm
and the thickness 11 mm, weight 9.64 g, absolute density 1.09 g cm*3.

EJ-200 plastic scintillator was obtained from Eljen Technology.
Gamma-ray spectra were recorded as follows: the sample was opti-

cally coupled with RTV141A optical grease to a Hamamatsu R7724-100
photomultiplier. A 387-kBq 60Co source was used to excite the material.
Two experimental series were performed: one with the prepared plastic
scintillator and the other with a commercial sample of same size.

Pulses coming from the PMT were sorted and treated with a custom-
made electronic board. The high voltage was kept constant during both
experiments, using a stabilized high voltage module N1470 from CAEN.
The Compton edge (CE) was fitted with a Gaussian function and the
accurate determination of the Compton edge position was evaluated at
80% of the decrease of this Gaussian shape. By rule of thumb, the light
yield of the prepared plastic scintillator sample could be determined
from the commercial data sheet (herein 10,000 ph/MeV for EJ-200
plastic scintillator):

R
sample

= R
EJ*200 ù V

CE,sample
_V

CE,EJ*200

where R is the light yield, and V is the channel of the Compton edge
position.

In order to assess its neutron/gamma discrimination ability, the
scintillator was coupled using RTV141A optical grease to a Hamamatsu
H11284MOD photomultiplier tube fed with a CAEN N1470 high volt-
age operating in negative mode. The {scintillator + PMT} system was
placed 15 cm away from a 252Cf source (˘ 1.8 MBq activity), the latter
being partially thermalized with a 10 cm thick polyethylene brick. To
reduce the gamma-ray incident flux on the sample, a 5 cm denal®
brick (a tungsten-based alloy) was added between the 252Cf source
and the polyethylene brick. The anode signal fed a CAEN DT5730B
digitizer, running with the DPP-PSD software. Scintillation pulses were
then recorded and post-processed using a charge-comparison method
[14]. The Figure of Merit was finally calculated; it is a standard factor
for the evaluation of the n/� discrimination power and has already been
fully referenced in [2]. Along with this experiment and with the strictly
same setup, an energy calibration was performed with a 530 kBq 137Cs
source. The quality of the PSD was quantitatively estimated from the
calculation of the Figure of Merit (FoM), which has the following
formula:

FoM =
ÛÛÛ�n * �

�

ÛÛÛ
2.35(�2

n
+ �2

�
)

where �n and �
�
are the mean values of the neutron and the gamma ray

peaks, and �n and �
�
are the standard deviations of neutron and gamma

distributions fitted with Gaussian functions N
�
�
n
, �

n

�
and N

�
�
�
, �

�

�
.

3. Results

3.1. Simulation of the spectral signature and capture rate of thermal neu-
tron radiations in Li2B4O7 loaded plastic scintillator

The addition of both boron and lithium is firstly motivated by
the fact that these elements ultimately release energetic and charged
particles after the capture of a slow neutron. The nuclear reactions
underlying the emission of these products are:

– the 10B (n, ↵) absorption reaction: thermal neutrons are absorbed
by boron-10 nuclides, which is of natural abundance close to
20%. Following the absorption, the nucleus disintegrates follow-
ing Eq. (A) with a 6% probability, and following Eq. (B) with a
94% probability, owing that the produced lithium-7 nucleus is
found in its fundamental or excited state.
10
5B + 1

0n ô 7
3Li +

4
2He (A)

2

Qtotal

Qtail

PV base, 30% PPO, 
0.2% DAP and 3% 

polymer cross linker.
φ=2.2 cm, h=4 cm
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Pulse Shape Discrimination  
 Am-Be as a neutron source.

Qtail/Qtotal vs energy histograms for 
PS-PSD and EJ-276 are shown.

 The PS-PSD shows the same 
behavior as EJ-276.

13
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FoM for n/𝜸 Separation

 The quality of the PSD was quantitatively 
estimated from the calculation of the Figure 
of Merit (FoM).

PS-PSD has a comparable FoM value with 
EJ-276. 
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Table 1
Typical thermal neutron absorptions.
Isotope Thermal neutron capture reaction 25 meV cross section (Barns) Natural isotopic abundance (%)
3He 3

2He + n ô 3
1H + 1

1p 5,330 0.000137
6Li 6

Li + n ô 3
H(2.73 MeV) + ↵(2.05 MeV) 940 7.5

10B 10
B + n ô 7

Li
< + ↵(1.47 MeV) ô 7

Li + ↵(1.8 MeV) + � (0.48 MeV) 3,840 19.9
113Cd 113

Cd + n ô 114
Cd + �

®
s (9 MeV) 20,600 12.2

155Gd 155.157
Gd + n ô 156.158

Gd
< ô 156.158

Gd + e
* + �

®
s (8 MeV) 60,900 14.7

157Gd 254,000 15.7

dispersed oleic-capped lithium fluoride nanocrystals in a polysiloxane
matrix [7–9].

Based on this strategy, we present our results regarding chemical
modifications of plastic scintillators, firstly with a high concentration
of primary fluorophore for the detection of fast neutrons. It is now
well known that materials may present pulse shape discrimination
(PSD) properties thanks to the difference between delayed and prompt
fluorescence [2], and two of them are currently commercially available
from Eljen Technology and Amcrys. Secondly, by adding not only
lithium NPs, but also a mixture of lithium and boron, namely in the
form of lithium tetraborate Li2B4O7, we take advantage of these two
neutron absorbers to largely increase thermal neutron capture effi-
ciency. In the field of radiation detection, lithium tetraborate is already
known as a tissue equivalent thermoluminescent, gamma-ray dosimeter
[10]. However, to the best of our knowledge, scintillators loaded with
a mixture of two or more neutron absorbers are poorly studied [11,12].
From this combination, we expect a counting sensitivity improvement
of both fast and thermal neutrons, especially in the case where small
sensors are used such as in hand-held devices.

Thus, the first section presents the MCNP6.1 simulation, which
supports our motivation and theory. This simulation allows us to de-
termine the trend of the response of a homogeneously loaded plastic
scintillator with Li2B4O7 NPs. It shows that for a 10-cm3 size sample,
starting with 0.1 weight percent (wt%) loading may already give a
relevant capture rate which could be detected. Then the fast and
thermal neutron/gamma discrimination is evaluated by exposing the
NP-loaded plastic scintillator to a partially thermalized 252-californium
radioactive source, used as a SNM laboratory surrogate. To confirm
all the nuclear processes occurring in the material, several hypotheses
were formulated. A boron-containing chipboard wood cage was built
and a PSD subtraction method was designed which highlights the
signature of up to four different interactions: gamma and fast neutrons
are easily separated by PSD, and two extra features – corresponding to
thermal neutron capture by lithium and boron – appear as well.

2. Experimental section

The synthesis of our material is reported elsewhere [13]. 0.3 wt% of
fully enriched 6Li210B4O7 NPs were added to an argon-saturated solu-
tion of monomers containing PPO (20 wt%) and POPOP (0.03 wt%).
No initiator has been used in the polymerization process. 5 cycles
of degassing under vacuum were performed then the mixture was
poured in a glass jar and sealed under argon atmosphere and cured
between 60–110 ˝C for 10 to 15 days. After complete polymerization,
the mold was shattered and the free piece was cut and polished un-
til obtaining an optical-grade surface. Ultimately, the scintillator was
covered with Teflon® tape to optimize optical focalization towards
the photomultiplier tube, thereby allowing gamma spectra and n/�
discrimination experiments. The diameter of the scintillator is 32 mm
and the thickness 11 mm, weight 9.64 g, absolute density 1.09 g cm*3.

EJ-200 plastic scintillator was obtained from Eljen Technology.
Gamma-ray spectra were recorded as follows: the sample was opti-

cally coupled with RTV141A optical grease to a Hamamatsu R7724-100
photomultiplier. A 387-kBq 60Co source was used to excite the material.
Two experimental series were performed: one with the prepared plastic
scintillator and the other with a commercial sample of same size.

Pulses coming from the PMT were sorted and treated with a custom-
made electronic board. The high voltage was kept constant during both
experiments, using a stabilized high voltage module N1470 from CAEN.
The Compton edge (CE) was fitted with a Gaussian function and the
accurate determination of the Compton edge position was evaluated at
80% of the decrease of this Gaussian shape. By rule of thumb, the light
yield of the prepared plastic scintillator sample could be determined
from the commercial data sheet (herein 10,000 ph/MeV for EJ-200
plastic scintillator):

R
sample

= R
EJ*200 ù V

CE,sample
_V

CE,EJ*200

where R is the light yield, and V is the channel of the Compton edge
position.

In order to assess its neutron/gamma discrimination ability, the
scintillator was coupled using RTV141A optical grease to a Hamamatsu
H11284MOD photomultiplier tube fed with a CAEN N1470 high volt-
age operating in negative mode. The {scintillator + PMT} system was
placed 15 cm away from a 252Cf source (˘ 1.8 MBq activity), the latter
being partially thermalized with a 10 cm thick polyethylene brick. To
reduce the gamma-ray incident flux on the sample, a 5 cm denal®
brick (a tungsten-based alloy) was added between the 252Cf source
and the polyethylene brick. The anode signal fed a CAEN DT5730B
digitizer, running with the DPP-PSD software. Scintillation pulses were
then recorded and post-processed using a charge-comparison method
[14]. The Figure of Merit was finally calculated; it is a standard factor
for the evaluation of the n/� discrimination power and has already been
fully referenced in [2]. Along with this experiment and with the strictly
same setup, an energy calibration was performed with a 530 kBq 137Cs
source. The quality of the PSD was quantitatively estimated from the
calculation of the Figure of Merit (FoM), which has the following
formula:

FoM =
ÛÛÛ�n * �

�

ÛÛÛ
2.35(�2

n
+ �2

�
)

where �n and �
�
are the mean values of the neutron and the gamma ray

peaks, and �n and �
�
are the standard deviations of neutron and gamma

distributions fitted with Gaussian functions N
�
�
n
, �

n

�
and N

�
�
�
, �

�

�
.

3. Results

3.1. Simulation of the spectral signature and capture rate of thermal neu-
tron radiations in Li2B4O7 loaded plastic scintillator

The addition of both boron and lithium is firstly motivated by
the fact that these elements ultimately release energetic and charged
particles after the capture of a slow neutron. The nuclear reactions
underlying the emission of these products are:

– the 10B (n, ↵) absorption reaction: thermal neutrons are absorbed
by boron-10 nuclides, which is of natural abundance close to
20%. Following the absorption, the nucleus disintegrates follow-
ing Eq. (A) with a 6% probability, and following Eq. (B) with a
94% probability, owing that the produced lithium-7 nucleus is
found in its fundamental or excited state.
10
5B + 1

0n ô 7
3Li +

4
2He (A)

2
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Prospects and Conclusion
 Nuclear reactors and nuclear technology will be active in Turkey in the next 
years.

 Monitoring these reactors independently and reactor antineutrino energy 
spectrum measurements are the main purposes.

 The effort for production and characterization of gadolinium loaded plastic 
scintillator has been started.

✓ Gd-loaded plastic scintillator blocks with the content of PPO (1.5%) + bis-
MSB (%0.08) + Gd(TMHD)3 (%0.2)

The project proposal has been submitted to the funding agency and a 
response is awaited.

 Gd loaded and Li2B4O7 nanoparticles loaded epoxy based scintillator are 
also in consideration.

 Work on improving the PSD-enabled plastic scintillator will continue.

 Collaborating and contributing to other groups are highly welcome.
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