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Detectors disadvantages is a leakage of

gammas because of compact sizes: 
- a decrease of efficiency

- an increase of uncertainty

Detector based on LS

Antineutrino is detected by means of the delay coincidence:

- The “positron” signal

- The “neutron” signal

The most deeply studied and developed detector for reactor monitoring.

Detectors advantages:

- background/signal ratio 1:10

- neutron detection efficiency  60% 

- spectrometry capability 

- pulse shaping discrimination

- on line operation  
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3 MW reactor (ВВЭР-1000) emits ~ 6×1020 /s

2)(8.1)( cmthresholdMeVET ee  

σ  ~ 10-43 sm2 per fission 

¼ with energy > 1,8 MeV

1 m3 of LS target  ->  15-20 m from reactor core    ->   2000-3000 events per day 



Studies of reactor antineutrino spectra (Kurchatov Institute) :

- calculations of the spectra, generated by 235U  and  239Pu, 238U and 241Pu.

- measurements of the beta spectra for 235U and  239Pu. 

It has been shown that the number of antineutrinos per fission from 239Pu is less than the number from       
235 U.  A.Borovoi, Yu.Dobrunin, V.Kopeikin. Nucl. Phys. (Rus.), 1977, 25, 264

History of the Applied Antineutrino Physics  in Russia

Ideas were proposed by L. Mikaelyan at the conference “Neutrino-77”:

- The rate of antineutrino detection gives a mean for remote measurements of power 

production, due to direct dependence N(antineutrino) ~ N(fissions),

- The shape of the antineutrino spectrum can provide additional information

concerning the isotopic composition of a reactor core

Several types of reactor antineutrino detectors have been developed (Kurchatov Institute) .

1974-1977

1977

1978-1982

1983-1994 Feasibility study was done at Rovno NPS (USSR) and later in Bugey NPP (France)

within the  collaboration between Kurchatov Institute and IN2P3.

Parallel researches of reactor antineutrinos where proceeded in USA, Germany and France
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Scheme of the neutrino laboratory Installation of RONS detector



1 – body (acrylic)

2 - cup for the scintillator

3 - Gamma-catcher of 540 l

4 - Fiducial volume - 510 l

5 - Reflectors

6 - light diffuser/collector (mineral oil)

7 - PMT – FEU-125

8 – movable crate 

R = 18 m   ~1000 events per day (1.4GW)

~100  b-g events per day  

LS detector RONS

The main problem – degradation of Gd-LS

Antineutrino was detected by means of the delay coincidence in inverse beta decay :

- The positron signal

- The neutron signal )8~&2.2...(& MeVGdHn 

Background/signal ratio 1:10

Neutron detection efficiency  60% 

Rovno (Ukrain) nuclear power plant – VVER-440  ( reactor core h=2,5 m x d=3 m)

Климов Ю.В., Копейкин В.И., Микаэлян Л.А., и др. 

Измерение спектра электронных 

антинейтрино ядерного реактора// Ядерная 

физика, 1990, Т.52, вып.6(12), с.1579-1584
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Data confirmed the following possibilities:

- to check a level of irradiation of fuel in the real time,

- to evaluate the plutonium content in the fuel,

- to detect a reactor shutting down, even for one day.

It means that - unauthorized reactor mode of operation can be detected, including 

- unforeseen reactor shutting down for unloaded and replacement of fuel.

Rate ~ 2 ×103 neutrino per day 

Detector RONS  data

The detector  count as a function of power

Monitoring of energy release per day



Studies of reactor antineutrino spectra (Kurchatov Institute) :

- calculations of the spectra, generated by 235U  and  239Pu, 238U and 241Pu.

- measurements of the beta spectra for 235U and  239Pu. 

It has been shown that the number of antineutrinos per fission from 239Pu is less than the number from 235 - U. A.Borovoi, 

Yu.Dobrunin, V.Kopeikin. Nucl. Phys. (Rus.), 1977, 25, 264

History of the Applied Antineutrino Physics  in Russia

Ideas were proposed by L. Mikaelyan at the conference “Neutrino-77”:

- The rate of antineutrino detection gives a mean for remote measurements of power 

production, due to direct dependence N(anti-nu) ~ N(fissions),

- The shape of the antineutrino spectrum can provide additional information

concerning the isotopic composition of a reactor core

Several types of reactor antineutrino detectors have been developed (Kurchatov Institute) .

1974-1977

1977

1978-1982

1983-1994 Feasibility study was done at Rovno NPS (USSR) and later at Bugey NPS (France)

in collaboration between Kurchatov In. and IN2P3.

Parallel researches of reactor antineutrinos proceeded in USA, Germany and France

2003-2006
R&D of the industrial prototype of compact unattended LS detector to guaranty 

nonproliferation (cooperation  of  Kurchatov Institute,  Duhov FSUE VNIIA, Scobelcyn INP 

MSU )

2012-now
Development of an industrial prototype of the liquid-scintillator detector for the neutrino 

monitoring of nuclear reactors  (cooperation  of Scobelcyn INP MSU Kurchatov Institute,  

Duhov FSUE VNIIA, INR)

Start of the industrial phase

Pause
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SONGS1 Measurement, 2005-2006

SONGS 1 (Sandia/LLNL)

The best from the most recent data are 

shown here and dated 2006 !



New high performance electronic avaliable for reasonable price –

fast flash ADC for pulse shaping descrimination 

high density FPGA for real time triggering

What happened between 2006-2012   worldwide

Stable Gd-dopped LSs were developed & mass production was organized for

RUS IT D

J.S. Park, J. Lee, et al. , Production and optical properties of Gd-loaded liquid scintillator for the RENO neutrino detector, 

Nuclear Instruments and Methods in Physics Research A, http://dx.doi.org/10.1016/j.nima.2012.12.121

C.Aberle, C.Buck, B.Gramblich F.X.Hartman, M.Lindner, S.Schonert, U.Schwan, S.Wagner, H.Watanabe, Large scale Gd-

beta-diketonate based organic liquid scintillator production for antineutrino detection, arXiv: 1112.5941v2[physics.ins-det] 

25Jun 2012.

И.Р. Барабанов, Л.Б. Безруков и др. ЛАБ как базовый растворитель для создания жидких сцинтилляторов большого 

объема. Препринт ИЯИ РАН 1279/2011

http://dx.doi.org/10.1016/j.nima.2012.12.121


“Industrial detector” project was restarted in 2012

It is focused on the following issues:

- detailed mechanical design together with test and supplementary subsystems 

which could be easily and serially produced. Each part should be moveable 

and fit the size of the standard doors

-R&D  of Gd-doped LS with Russian LAB as a solvent, which will be chemically 

stable and compatible with main construction materials - stainless steel and Ti

- development of clean Ti for mechanical parts – this is a strategy which we very 

seriously study and which should give us good preferences (sample 1 will be from 

stainless steel, sample two will be from Ti) 

- "industrial" slow control, HV and DAQ which will work remotely and unattended

- development of application scenarios as monitoring instrument together with 

safe data transfer channels

The final goal is to develop and test the  industrial detector ready to be 

installed on nuclear power plant for demonstration monitoring 

experiment  in the interests of the IAEA
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Industrial LAB from KIRISHI LAB-LABS

KIAE cleaning

Gd concentrate from INR

Liquid Scintillator production approach

Industrial 

LAB

INR Gd
concentrate

P
P

O

Chemical 

cleaning 

facility

Ring buffer  LS

LAB-PPO

Target  LS
LAB-Gd-PPO

Gamma-catcher

LAB

Г.Я. Новикова, Н.И. Бакулина, В.П. Могалюк, 

Координационно-насыщенные соединения 

гадолиния для создания жидких органических 

сцинтилляторов.  ЛАБ как базовый растворитель 

для создания жидких Препринт ИЯИ РАН 1356/2013
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KIRISHI LAB-LABS belongs to KINEF Inc. 

Single manufacturer of LAB in Eastern Europe and Russia. 

Produce up 50 000 t/year since 1994.   



INR’s Gd concentrate 

Coordination-saturated compounds (gadolinium-based trimetilgeksanata 

gadolinium Gd (TMHA) 3 with the addition of trioctylphosphineoxide (TOPO) 

and 3,5,5-trimethyl hexane acid)  synthesized and investigated. 

Two method to create liquid organic scintillator 

1. preliminary synthesis of salts in powder form + acid ligand as 1:3 + 

solvent  (LAB)

2. parallel synthesis and extraction process in a water solutions of salts of 

gadolinium in the presence of an acid  in  LAB as target solvent 

Transparency of the LAB sample and 0.1% solutions of Gd (TMHA) 3 complexes in LAB.

Samples L430

m

L420

m

1 LAB > 20 >

20

2 Gd(TMHA)3+2TMHA (method 2) 17 14

3 Gd(TMHA)3*2ТМНА (method 1) 16 13

4 Gd(TMHA)3 * ТОРО 13 11



30 l prototype for preliminary  tests 

Checking the compatibility of detector materials with the scintillator

Checking structural elements

Testing the electronic channel and PMTs

Checking the characteristics of the scintillator and PMTs



30 l prototype for preliminary  tests 

Checking the compatibility of detector materials with the scintillator

Checking structural elements

Testing the electronic channel and PMTs

Checking the characteristics of the scintillator and PMTs
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Mechanical construction

The internal  Gd dopped target  

 -1250x830  mm

PMT Gamma catcher & Light diffuser 

 -1250x464  mm

Leaked Gamma catcher   - 300 x1300 mm

The external tank     - 1854 mm 

Acrylic Membrane 6 mm

White  polyester  reflecting film

1250x830

LAB +Gd+PPO

1250x464      pure LAB

1854

1
5

5
0

300

L
A

B
 +

 P
P

O

600 kg of 2 mm

AISI 321 (08Х18Н10Т)

Sample 1 Sample 2 

ppb /mBq/kg ppb/mBq/kg

Th 2.2 / 9 8.4 / 34

U <0.01 / 0.1 2.6 / 32

20%   accuracy   of   ICP-MS

November 2013
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3D detailed model &  PMT sealed replaceable assembly
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Front-end

Custom-designed 19”  fast adder-discriminator 

with embedded HV decouplers, counters with 

CANopen interface

Electronics

Slow control

distributed real time industrial fieldbus 

CANopen with industrial I/O modules

PMTs : ФЭУ-49, HAMAMATSU R5912,ETE 9823

PMT HV:  CAEN HV Multichannel Power Supply 

System

DAQ 1Gs/s flash  ADC    PCI
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Conclusion

Feasibility of a remote reactor control and monitoring by means of neutrino 

method was shown in the several measurements at nuclear power plants.

The total knowledge  in the field of reactor antineutrinos, new stable 

scintillators and high-performance electronics have made it possible to create 

a compact low-cost  industrial detector based on liquid organic scintillator  for  

applied application and scientific research. 

This work is Supported by RFBR (grant 12-02-12129 ofi-m).

Thank you for your attention ! 

The problems right now which we expect is only one –

the nuclear power plant  for demo experiment  is not selected yet

We are open for cooperation on this topic.


