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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 2023.

✓  There will be 4 power units with capacity of 1200 MW 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. 
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Nuclear Fission 
 A NPP produce energy with 
nuclear fission process.

✓ Splitting a nucleus into several 
smaller fragments. 

✓ The missing mass is converted 
into energy.

 Controlled chain reaction.

Uranium and Plutonium as the fuel.

In each fission chain:

✓ ~ 200 MeV / fission

✓ 6 𝜈e / fission

 Nuclear reactors are intense 
sources of antineutrinos.
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Şekil 45: Bir nötrino kaynağı olarak Güneş ve üretilen nötrinoların enerji dağılımı.

şekilde incelenmesi güneş fiziği ve nötrinoların özelliklerinin anlaşılması açısından çok önemlidir. Güneşte üretilen
nötrinoların sayısı yaklaşık olarak 1038 kadardır. Dünya yüzeyine yaklaşık olarak 6.4⇥ 10

10nötrino/(cm2s)20
Güneşten gelen nötrinolar ilk defa 1968 yılında gözlemlenmiştir. Güneş için oluşturulan modeller test edilmiş ve

fiziğin gelişiminde çok önemli sonuçların ortaya çıkmasını sağlamıştır.

6.11.4 Havaküre

Dünyamız sürekli olarak dış uzaydan gelen kozmik ışınların (%90’ı proton, %9’u helyum ve %1’i ise genelde daha
ağır çekirdeklerden oluşur) bombardımanı altındadır. Bu parçacıkların havakürenin (atmosferin) üst tabakalarında
bulunan hava molekülleriyle çarpışması sonucunda daha hafif ikincil parçacık yağmuru (nötron, pion ve kaon gibi
parçacıklar) oluşur. Bu ikincil parçacıklarda ortalama yaşam süreleri kısa olduğundan daha da hafif parçacıklara
bozunarak deniz seviyesinde daha çok müon, elektron ve nötrino bileşenlerine sahip bir kozmik yağmura neden olur.
Havakürede oluşan nötrino akısı daha çok pionun müon ve müon nötrinosuna, müonun da elektron, müon nötrino ve
karşıt elektron nötrinosuna bozunmasından meydana gelir. Böylece toplam müon nötrino akısının elektron nötrino
akısına oranı 2 ye 1 dir. Havaküresel nötrino yağmuru altında duran bir insan, hayatı boyunca sadece 1 nötrino ile
etkileşime girer21. Havakürede üretilen nötrinolar birçok deney grubu tarafından incelenmeye devam edilmektedir.

6.11.5 Nükleer reaktörler

Nükleer reaktörlerde çekirdek bölünmesi yani fizyon tepkimelerine uygun olduğu için, yakıt olarak genelde uran-
yum (235U başta olmak üzere 233U ve 238U ) ve plütonyum (239Pu ve 241Pu) kullanılır. Denklem 23,24 ve 25’de
gösterildiği gibi bir nötron tarafından parçalanan uranyum çekirdeği kararsız duruma geçmesi sonucunda büyük bir
enerji açığa çıkaran fizyon tepkimesine neden olur. İlk tetikleyici fizyon sonucunda 200 MeV’lik enerjinin yanısıra
ortama nötronlarla birlikte nötrinolar da (her zincir başına 6 ⌫̄e) yayılır.

n+
235U !140 Ba+

94Kr + 2n+ 200MeV (23)

140Ba
�(1MeV )!
13gün

140La
�(2.2MeV )!

40saat

140Ce (24)

94Kr
�(7.5MeV )!
0.2saniye

94Rb
�(10MeV )!
2.7saniye

94Sr
�(3.4MeV )!
75saniye

94Y
�(4.9MeV )!
19dakika

94Zr (25)

20pp-I döngüsünü gözönüne alırsak: Güneşten yaklaşık olarak 3.86⇥1037erg/s enerji yayılmaktadır. Her bir helyum atomu oluşumunda
24.7 MeV = 4.2 ⇥ 10�5 erg’lik enerji ortaya çıkar. Bu da saniyede yaklaşık olarak 9.2 ⇥ 1037 füzyon tepkimesi gerçekleştiğini gösterir.
Herbir füzyon tepkimesi sonucunda 2 elektron nötrino üretilir. Güneşten yayılan toplam elektron nötrino sayısı 1.8⇥1038 olarak bulunur.
Dünyanın yüzey alanına düşen nötrino akısı, 1.8⇥ 1038/4⇡/(1.5⇥ 1013)2= 6.4⇥ 1010nötrino/(cm2s) elde edilir.

21Havakürede üretilen nötrino akısı santimetrekare başına saniyede 1 nötrinodur. Havaküresel nötrino yağmuru altında bulunan 80
kg ağırlığında ve 80 yıl yaşadığı düşünülen bir insana hayatı boyunca sadece 1 nötrino etkileşime girer. Netkileşim = �⌫ ⇥ �

⌫N ⇥
N

insan
çekirdek ⇥ T

insan
yaşam formülününde; N insan

çekirdek = 80kg ⇥ Navogadro = 5 ⇥ 1028çekirdek, T insan
yaşam = 80yıl = 2 ⇥ 109saniyedir. Buradan

Netkileşim = 1⇥ 10�38 ⇥ (5⇥ 1028)⇥ (2⇥ 109) ⇠ 1 nötrino etkileşimi.

48

Karsten Heeger, Yale University SLAC, August 13, 2015 

Reactors as Antineutrino Sources
β- decay of neutron rich fission fragments

energy per fission

~ 200 MeV/fission and 
6 νe/fission

17

3 GWth reactor produces 
~6x1020 νe/sec

some energy taken away by 
neutrinos, neutrons etc

pure source of νe

νe
νe νe
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Neutrinos 
Neutrinos are fundamental, almost massless, weak interacting particles.

✓ passing though earth without any interaction.

Neutrinos come in three flavors.

✓ change its flavor (neutrino oscillation).

Neutrinos are everywhere.

✓ Coming from big bang, stars, supernovas, upper atmosphere, center of earth, 
nuclear reactors, …

Each second there are about 100 billion neutrinos passing through the tip of your 
finger.
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< 10 MeV

3

spectrum[8].
The measurements and development in the precision of these parameters can guide the
physicists in understanding a few properties of neutrino which include mass ordering of
the three neutrino flavours ⌫e, ⌫µ and ⌫⌧ associated with the three leptons e�, µ� and ⌧�

respectively, and CP violating phase �CP which can probe the dominance of matter over
anti-matter in the universe.
The outline of the paper is as follows: Section 2 describes the detection mechanisms of neu-
trino in a brief and concise manner followed by the names of the experiments which exploit
these techniques. The paper emphasizes on di↵erent neutrino experiments in a chronological
pattern : past, present and future in Section 3. The section also explains the construc-
tion & detection mechanisms and results & scopes of the particular experiments included
in this paper. In Section 4, we give a picture of the current status on neutrino mentioning
about the measured and less known parameters those are dealt by these experiments. We
also study the limits on absolute neutrino masses. Section 5 contains the summary of the
overall descriptions of the paper.

FIGURE 1: Natural and artificial sources of neutrino in a nutshell[9].

2. NEUTRINO DETECTION TECHNIQUES

2.1. Radiochemical Method

Inverse Beta Decay (IBD) is the principle used in the radiochemical method of neutrino
detection.

⌫e +
A
ZX �! e� + A

Z+1Y (3)

~GeV

<20 MeV

<10 MeV

Big Bang neutrinos
~0.0004 eV

~GeV
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Reactor Neutrinos
 A nuclear reactor is an intense source of 
antineutrinos.

✓ 6 𝜈e / fission

✓ ~2×1020𝜈e/s for Pth = 1 GW

 Measuring antineutrino flux from a nuclear 
reactor can provide real time information of 
the status of the reactor and its thermal 
power. 

 The thermal power produced in the fission 
process is directly related with emitted 
antineutrino flux. 
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Rν =
NfNp < σ >

4πL2
(1)

where Np is the number of protons in the target medium, L is the distance between reactor core

and detector, Nf is the average fission rate given by the equation:

Nf = 6.24× 1018(
Pth

MW
)(
MeV

We

)s−1 (2)

where We=203.78 MeV is average energy release per fission, < σ >= 5.8 × 10−43 cm2 is

the average cross section. For a water target and 1.2 GW reactor thermal power, eq.(1) can be

rewritten as

Rν = 9.86× 105(
V

m3
)(
m2

L2
)events/day (3)

Considering L = 30 m and V = 0.96 m3, we expect around 1050 events in a day with a

detector near Akkuyu NPP.

This figure can be compared to the rough estimation recommended in the IAEA Workshop

on Antineutrino Detection for Safeguards Applications report (7), given as:

#events/day = 730×MWth ×
V

L2
× ϵ (4)

where ϵ is the detection efficiency. At ϵ = 1 the two formulas give very close answers: 1050

from the former and 934 from the latter.

2 Detector Design

An antineutrino can be detected by charged-current antineutrino-proton scattering, also known

as inverse beta decay (IBD): ν̄ + p → e+ + n . The positron generates the prompt signal,

and subsequently the thermal neutron capture process will give a second delayed signal. This

3

Average fission rate

Measuring antineutrino flux from a nuclear reactor can provide real time information of the

status of the reactor and its thermal power. The thermal power produced in the fission process

is directly related with emitted antineutrino flux. The relation between neutrino event rate at the

detector (Nν) and reactor thermal power (Pth) can be expressed by Nν = γ(1 + k)Pth , where

γ is a constant that depends on the detector (target mass, detection efficiency, etc.) and k is the

time dependent factor which takes into account the time evolution of the fuel composition (1).

This property makes a compact antineutrino detector a powerful tool for monitoring a nuclear

reactor.

Nuclear reactors are an intense source of antineutrinos. Each fission process releases around

200 MeV energy, 6 ν̄e and neutrons. Emitted antineutrino flux by a 1.2 GW nuclear reactor is

about 2.5×1020 ν̄e/s. Predicted emitted neutrino spectra for different nuclear fuels are shown in

Figure 1. The spectra for 235U , 239Pu and 241Pu isotopes have been converted from ILL electron

data (2), and the 238U antineutrino spectra has been taken from an ab initio calculation (3).
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Figure 1: Predicted antineutrino spectra with their relative errors versus neutrino energy.

Neutrino interaction rate can be estimated approximately using (4) :

2

Reactor Neutrinos: Overview 
!  Electron antineutrinos emitted through Decays 
   of Fission Products of 235U, 238U, 239Pu, 241Pu 

!  Nuclear reactors  :  

!  Neutrino Luminosity : 

 
!  Common Detection Principle  

!  Inverse Beta-Decay reaction (σV-A) 

!  Threshold 1.8 MeV. Eν extend to 10 MeV 

!  Measure anti-νe of interaction rate 
 
 
 
 

!  Comparison of σf to prediction  

γ :  reactor constant  
k : fuel evolution correction  (<10%) 

Th. Lasserre – ν�geoscience 2013 

a constant 
depending on 

detector
reactor thermal 

power

measured 
neutrino rate 
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Reactor Neutrinos

Pth = 1200 MW and We=203 MeV for 
Akkuyu NPP.

~1050 antineutrino events in a day for 
V=0.96 m3 and L=30 m

 7

From neutrinos to cosmic 
sources, lecture 3 

31 

Reactors as Neutrino Sources 

•  Nuclear reactor is an excellent source of  electron 
antineutrinos from β decay. 

•  Large power reactor produces about 6•1020 
antineutrinos/sec 

From bound neutron decays: 

𝜈e 
detectorL

V

Rν =
NfNp < σ >

4πL2
(1)

where Np is the number of protons in the target medium, L is the distance between reactor core

and detector, Nf is the average fission rate given by the equation:

Nf = 6.24× 1018(
Pth

MW
)(
MeV

We

)s−1 (2)

where We=203.78 MeV is average energy release per fission, < σ >= 5.8 × 10−43 cm2 is

the average cross section. For a water target and 1.2 GW reactor thermal power, eq.(1) can be

rewritten as

Rν = 9.86× 105(
V

m3
)(
m2

L2
)events/day (3)

Considering L = 30 m and V = 0.96 m3, we expect around 1050 events in a day with a

detector near Akkuyu NPP.

This figure can be compared to the rough estimation recommended in the IAEA Workshop

on Antineutrino Detection for Safeguards Applications report (7), given as:

#events/day = 730×MWth ×
V

L2
× ϵ (4)

where ϵ is the detection efficiency. At ϵ = 1 the two formulas give very close answers: 1050

from the former and 934 from the latter.

2 Detector Design

An antineutrino can be detected by charged-current antineutrino-proton scattering, also known

as inverse beta decay (IBD): ν̄ + p → e+ + n . The positron generates the prompt signal,

and subsequently the thermal neutron capture process will give a second delayed signal. This

3

Detection Mechanism 

• Inverse Beta Decay (IBD) 
– Produces: 

• Positron 
– Energy Depends on Neutrino Energy 
– Minimum Signal -> 1.02MeV 

• Neutron 
– Low Energy 
– Thermalizes with random walk 
– Captured on nuclei 

• Conservation of Energy determines 
threshold of interaction 

𝐸𝑣 𝑒 + 𝐸𝑝 = 𝐸𝑒+ + 𝐸𝑛 
𝐸𝑣 𝑒 = 𝐸𝑒+ + 𝐸𝑛 − 𝐸𝑝

= 0.511 + 939.565 − 938.272 
= 1.804 𝑀𝑒𝑉 

Reactor Neutrino Spectrum 

Detection of eν 8

Inverse β Decay: e p e nν ++ → +
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Physics with Reactor Antineutrinos
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Antineutrino Discovery

neutrino magnetic moment and 
coherent scattering searches

Discoveries and Precision Measurements of Neutrino Properties
Reactor νe Spectra

Searches for New Physics
fuel burnup and isotopic composition
Reactor Monitoring and Application

νe Oscillation
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Signal Reconstruction

Prompt signal 
positron 1~12 MeV

Delayed signal 𝛾 
cascade from 
thermal neutron 
capture ~8 MeV

 Time delay 20-80 
𝜇s.
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Detection of eν 8

Inverse β Decay: e p e nν ++ → +
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Detector Designs
Two different antineutrino detector design approaches are considered.

✓ Water Cherenkov detector (Liquid-state)

✓ Segmented plastic scintillator detector (Solid-state)

 9

Easier to construct
Cheaper

Better mobility
Great background 
suppression
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Water Cherenkov Detector Design

 10

120 cm 100 cm

80 cm

 Relatively cheap neutrino detector 
composed of compact and 
transportable units.

✓ 80×100×120 cm

✓ volume is 0.96 m3

 Two physical regions.

✓ Inner region for active medium.

‣ Gadolinium-doped water.

‣ Detection of IBD.

✓ Outer region for background 
rejection.

‣ active shielding

‣ passive shielding 
Active medium

Scintillator plates
PMTs
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PMT Selection and Optimization

 Bottom (or top) face of the target is instrumented 
by 6 10-inch-diameter photomultiplier tubes (PMTs).

✓ PMT is a device which convert light to an electric 
signal.

 The photon acceptance efficiency of this PMT 
positioning configuration is found to be about 35% 
using GEANT4 simulations.
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Information furnished by HAMAMATSU is believed to be reliable. However, no responsibility is assumed for possible inaccuracies or omissions. Specifications are
subject to change without notice. No patent rights are granted to any of the circuits described herein. ©2015 Hamamatsu Photonics K.K.

Subject to local technical requirements and regulations, availability of products included in this promotional material may vary. Please consult with our sales office.

LARGE PHOTOCATHODE AREA 
PHOTOMULTIPLIER TUBES

SPECIFICATIONS

COMMON SPECIFICATIONS

APPLICATION

Dynode

Number
of

stages
Structure

Box & Line

Box & Line

Box & Line

Box & Line
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Box & Line
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10

14

10

10

14

10

10

11

10

Surface area
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Type No.
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R5912-100

R7081
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●High energy physics

FEATURES
●Hemispherical window
●Fast time response
●High stability
●Low dark count
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Active Medium Optimization

 Active medium is Gd-doped (GdCl3) water.

 Gd has the largest neutron capture cross section.

 Gd concentration in water directly effects the delayed second signal, which is caused by 
thermal neutron capture.

✓Effects triggering condition.

 Coincidence of the two signals in the time window of 20-80 μs is commonly used as trigger for 
antineutrino detection. 

 The optimum Gd concentration is found to be about 0.3%−0.5%. 
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Calibration
 Radioactive sources will be used for 
energy calibration of PMTs.

✓ a neutron source 

✓ Am-Be or 252Cf

 Thermal neutron capture process 
produces a gamma cascade at certain 
energy ranges.

✓ n + p   → d + γ (2.2 MeV)

✓ n + Gd → 158Gd + γ (8 MeV)

✓ n + Gd → 156Gd + γ (∼8.6 MeV)

 These peaks at energy distribution 
will be used as reference points for 
energy calibration.  
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Shielding
 Basically two shielding layers following active medium are planned.

✓  Active shielding 

✓ Passive shielding

 Active shielding to reject the signal from charged cosmic particles.

✓ ~ 3cm-thick of plastic scintillator plates 

✓ Plastic scintillator plates will be produced.

 Passive shielding to veto the neutrons and cosmic particles.

✓ Concrete or lead blocks.

✓  The design and material decision for passive shielding is under study. 

 7⨯10    particles/cm2 /s from the BP00 solar neutrino model 

✓The expected total number of events is about 0.02 per day 
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Segmented Plastic Scintillator Detector 

 Gadolinium-loaded segmented 
plastic scintillator modules for 
antineutrino detection.

 There are 25 identical 
10x10x100 cm gadolinium-loaded 
polyvinyltoluene based (BC-408) 
plastic scintillators.

Each  plastic scintillator is wrapped 
in 20 μm thick aluminium sheet to 
obtain a  segmented structure. 

It is about 250 kg and about 620 
antineutrino events can be 
observed per a day when it is 
placed 20 m away  from the 1.2 
GW reactor core.  

 15
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Gadolinium-loaded Plastic Scintillators

 Gd-loaded plastic scintillators were 
success fully synthesized and 
produced.

 Transparency and the other  
optical properties of Gd-loaded 
scintillator with 1%-3% loading were 
almost the same as unloaded case.

 The amount of loaded Gd 
concentration in the  scintillator 
directly effects the delayed signal, 
which is generated by thermal 
neutron capture. 

 Plastic scintillator blocks with 
0.2%-0.3% amount of Gd was 
op timum, which gave a prompt-
delayed time difference between 4 and 
50 μs.

 16
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Event Topologies

 Segmented structure of the detector gives great separation between IBD candidate 
events and cosmic background

 Antineutrino events and cosmic ray events have different event  topology

 The energy correlation between PMT signals might be used for selecting the 
antineutrino events

 Number of photoelectron (PE) correlations between  PMTs are expected quite to be 
different.

 17
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Cosmic Background Suppression
 E1st/ETotal, E2nd/ETotal and E3rd/ETotal distributions of 
antineutrino events and cosmic rays events are 
shown

✓   E1st, E2nd and E3rd are the highest, the second 
highest and the third highest energy deposits 
among the all modules. ETotal is the total 
energy deposit.

 IBD event and cosmic background events show 
quite different distributions.
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Multivariate Analysis
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 Generally, using several variables at the same time could improve background 
rejection significantly. 

TMVA is used to combine E1st/ETotal, E2nd/ETotal and E3rd/ETotal distributions. 

 Signal comes from thermal neutron capture, background is taken as the sum of all 
considered cosmic particles.

 Boosted Decision Tree is chosen as a multivariate discriminant.

✓   Like lihood or Artificial Neural Networks methods could also be used.

TMVA
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Multivariate Analysis (II)
 It was found that about 95% of cosmic 
background rejection appears to be achievable 
while keeping 95% of the antineutrino events.

✓ Not requiring any active shielding parts.

 The effect of detector size and module 
numbers have also been investigated.

✓ MVA technique is also can be used with 
lower number od modules.

✓ Nuclear waste monitoring as well
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Documentation

 Published by  Turkish Journal of 
Physics and also available in arXiv:
1602.04646

 Invited by Applied Antineutrino 
Physics Conference 2016 to 
present preliminary results.
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Abstract:We present a simulation-based study for monitoring Akkuyu nuclear power plant’s activity using antineutrino

flux originating from the reactor core. A gadolinium-doped water Cherenkov detector was designed and optimization

studies were performed using the Geant4 simulation toolkit. It was found that the bottom (or top) face of the target

should be instrumented by six 10-inch-diameter photomultiplier tubes with photon detection efficiency of about 35%

and the optimum Gd concentration was found to be about 0.3%–0.5%. The first study on the design of a monitoring

detector facility for Akkuyu nuclear power plant is discussed in this paper.

Key words: Nuclear reactor, neutrino, Cherenkov, detector, simulation

1. Introduction

The first nuclear power plant in Turkey will be constructed at Akkuyu, in Mersin Province. It is planned to

start operating in 2023. Akkuyu nuclear power plant (NPP) will have 4 power units and each unit will have

the capacity of 1.2 GW. Enriched uranium dioxides (235U) will be used as fuel.

Since the thermal power produced in the fission process is directly related to emitted antineutrino flux,

measuring the latter can provide quasi real-time information on the former. The relation between the neutrino

event rate at the detector (Nν) and reactor thermal power (Pth) can be expressed by Nν = γ(1 + k)Pth ,

where γ is a constant that depends on the detector (target mass, detection efficiency, etc.) and k is the time

dependent factor, which takes into account the time evolution of the fuel composition [1]. This property makes

a compact antineutrino detector a powerful tool for monitoring a nuclear reactor.

Nuclear reactors are an intense source of antineutrinos. Each fission process releases around 200 MeV

energy, 6 ν̄e , and neutrons. Emitted antineutrino flux by a 1.2 GW nuclear reactor is about 2 × 1020ν̄e/s .

Predicted emitted neutrino spectra for different nuclear fuels are shown in Figure 1. The spectra for 235U ,
239Pu and 241Pu isotopes were converted from ILL electron data [2] and the 233U antineutrino spectra were

taken from an ab initio calculation [3].

The neutrino interaction rate can be estimated approximately using [4]

Rν=
NfNp⟨σ⟩
4πL2

, (1)

∗Correspondence: sertac.ozturk@gop.edu.tr, sertac.ozturk@cern.ch
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Nuclear Reactor Monitoring with Gadolinium-Loaded

Plastic Scintillator Modules

Sertac Ozturk

Department of Physics, Tokat Gaziosmanpasa University, 60250, Tokat, Turkey

Abstract

In this study, simulation-based design and optimization studies of a gadolin-
ium loaded segmented plastic scintillator detector are presented for monitor-
ing applications of nuclear reactors in Turkey using antineutrinos. For the
first time in the literature, a multivariate analysis technique is introduced to
suppress cosmic background for such a reactor antineutrino detector.

Keywords: Nuclear reactor, neutrino, safeguards, detector, scintillator,
simulation

1. Introduction

When the neutrino was proposed for the first time by Wolfgang Pauli
in 1930 [1] based on measurement of beta decay, he said ”I have done a
terrible thing. I have postulated a particle that cannot be detected”. He was
wrong. After about 25 years, the first neutrino detection, which was emitted
by a nuclear reactor, was recorded by Clyde Cowan and Frederick Reines
in 1956 [2]. The neutrinos play an important role for better understanding
of the Universe. That’s why there are many ongoing and planned neutrino
experiments worldwide.

While the neutrinos come from different sources, nuclear reactors are
human-controlled very intense antineutrino sources. Each fission process
releases 6 νe, and a 1 GW nuclear reactor emits about 2×1020 νe per second.
This makes nuclear reactors great tools for neutrino physics research, and so
there are many neutrino oscillation experiments located near nuclear reactors
[3, 4, 5, 6, 7, 8].

The neutrinos interact with matter with very low cross section, and emit-
ted antineutrino flux from the nuclear reactor core is used for reactor monitor-
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Prospects and Conclusion
 Nuclear reactors and nuclear technology will be active in Turkey in the coming 
years.

 Monitoring these reactors independently is very important.

 In addition, reactor antineutrino energy spectrum measurements could be 
performed with scientific purposes, and it would be the first step towards 
development of a new reactor neutrino oscillation experiment in Turkey. 

 Production and tests of gadolinium loaded plastic scintillator blocks can be done 
in Turkish Atomic Energy Authority, Sarayköy Nuclear Research and Training Center 
(SANAEM). 

✓  High quality plastic scintillators have been produced in SANAEM in the past 
and there is  necessary technological know how to synthesize new types of 
element loaded scintillator blocks with desired volumes and shapes. 

 It is planned to submit a project funding to produce a demonstration module. 

 The final design with some form of of passive shielding, the construction  and test 
are expected to take up to 2 years, before the first nuclear reactor  core becomes 
active.

 22
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Number of Expected Events
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Rν =
NfNp < σ >

4πL2
(1)

where Np is the number of protons in the target medium, L is the distance between reactor core

and detector, Nf is the average fission rate given by the equation:

Nf = 6.24× 1018(
Pth

MW
)(
MeV

We

)s−1 (2)

where We=203.78 MeV is average energy release per fission, < σ >= 5.8 × 10−43 cm2 is

the average cross section. For a water target and 1.2 GW reactor thermal power, eq.(1) can be

rewritten as

Rν = 9.86× 105(
V

m3
)(
m2

L2
)events/day (3)

Considering L = 30 m and V = 0.96 m3, we expect around 1050 events in a day with a

detector near Akkuyu NPP.

This figure can be compared to the rough estimation recommended in the IAEA Workshop

on Antineutrino Detection for Safeguards Applications report (7), given as:

#events/day = 730×MWth ×
V

L2
× ϵ (4)

where ϵ is the detection efficiency. At ϵ = 1 the two formulas give very close answers: 1050

from the former and 934 from the latter.

2 Detector Design

An antineutrino can be detected by charged-current antineutrino-proton scattering, also known

as inverse beta decay (IBD): ν̄ + p → e+ + n . The positron generates the prompt signal,

and subsequently the thermal neutron capture process will give a second delayed signal. This

3


