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Future: Neutrino-6 experiment
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Neutrino-6 experiment location

New room, same advantages 

and same problems



Gamma background in passive shielding does not depend neither on the power 
of the reactor nor on distance from the reactor

0MW reactor power

90MW reactor power



Fast neutron flux 10-3s-1cm-2,
cosmic background level

Fast neutron flux 9×10-5s-1cm-2

outside (near reactor wall)
inside

The background of fast neutrons in passive shielding does not depend

neither on the power of the reactor nor on distance from the reactor

The background of fast neutrons in passive shielding is 10 times less than outside. 

The background of fast neutrons outside of passive shielding is defined by cosmic rays and 

practically does not depend on reactor power. 5



Neutrino-6 experiment location

SM-3 reactor 

core



Detector’s 
lightguides 

system



Lightguides system assembling



Detector’s 
design.
Models

Transparent plex tank

Detector fully assembled

Detector’s case

Calibration holes Scintillator filling hole



Detector’s design.
Transparent tank



Detector’s design.
Case



Detector’s design.
Transport system

active shielding

Rails, carts and platforms

borated polyethylene



Detector’s design.
Transport system

Platforms

Inner cavities



SF/UTP

Data 
acquisition 

system 
CROS3



ASF48 card 
with FADC



High Voltage Distribution System HVDS3200 
and active voltage-dividers



• Voltage adjustment 0...1500 V; 0.1% 

• Maximum current 0.5 mA

• Current monitoring 0.1%

• Voltage monitoring 0.1%

• Stability (during 1 day) 0.1% 

High Voltage Distribution System 
HVDS3200 



Active shielding

• Polysterene based scintillator

• Optical fibers with SiPM are used

• “Spectral” or “logical” operating modes



Measurements with 
section model



Single section model

Mirror plex lightguide

Plex 30mm width tank

aperture

PMT



Plastic scintillator inside section

Section is filled with water

Positions of peaks are still independent 

of source coordinate along the tubeEnergy resolution for plastic in water is the 

same as without water (~0.2 for 1274 keV)



Section with NEOS scintillator inside shielding

Scintillator volume ~55 liters



Maximum deviation from “average” peak 

(scanning mode) is less than 6%

Energy resolution for Co60 line

± 300 keV

Section with NEOS scintillator inside shielding
Calibration with Co60



𝐹𝑂𝑀 =
𝜇1 − 𝜇2

𝑓𝑤ℎ𝑚1 + 𝑓𝑤ℎ𝑚2
≈

𝜇1 − 𝜇2
ሻ2.35(𝜎1 + 𝜎2

4l of scintillator

PMT 9354

2018 August

NEOS scintillator PSD capability 
Small volume. With optical contact

𝑄𝑡𝑎𝑖𝑙/𝑄𝑡𝑜𝑡𝑎𝑙

𝑸𝒕𝒐𝒕𝒂𝒍

𝑸𝒕𝒂𝒊𝒍



Section with NEOS 
scintillator inside shielding

PSD capability

The way  of signal 

summation («analog» or

«digital») is practically 

insignificant for PSD 

capabilities

PSD for prompt signals of correlated events 

from Cf252 fast neutrons in “scanning” mode

FOM ≈ 0.40

FOM ≈ 0.46

FOM ≈ 0.49



neutrino signal

accidental background

signal + accidental background

correlated background

signal + background

PSD distribution prediction for 
detector at SM-3

PSD parameter 

distribution for 10 

sections providing that 

new detectors efficiency 

is not worse than 

working now, correlated 

background is the same 

and accidental 

coincidence background 

is suppressed at least 3 

times due to 5 times 

gadolinium 

concentration
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Expecting improvements of 
statistical accuracy for Neutrino-6

Method Consequence
Increasing 

accuracy factor

4 detectors 3x larger volume 1.6

Gd concentration 4x less accidental background 1.5

PSD 4x less correlated background 1.3

Total 3.1



Conclusions

• New measurements with detector Neutrino-4 and new scintillator with 

more  high  concentration  of Gd and with PSD capability  

• Creation of the second neutrino laboratory at the reactor SM-3

• The development and manufacture of a new detector Neutrino-6 with 

a sensitivity of 3.1 times higher

Thanks for your attention!



Plastic scintillator inside section
Na22 each channel spectra



Na22 peaks don’t depend on 

source position

Plastic scintillator inside section
Na22 sum spectra



2019 April

FOM ≈ 0.75

NEOS scintillator PSD 
capability 

Small volume. Without optical contact



3 PMT  FOM ≈ 0.83
2 PMT  FOM ≈ 0.74

FOM ≈ 0.51 FOM ≈ 0.58 FOM ≈ 0.47

NEOS scintillator PSD capability 
Small volume. Without optical contact



NEOS scintillator PSD capability 
Small volume. Retort inside the section

Peaks separation is the same for retort in the 

of section or close to one of PMTs

Nitrogen purge influence is no so significant



Section with NEOS scintillator inside shielding
PSD capability

FOM ≈ 0.42
FOM ≈ 0.44

FOM ≈ 0.44 FOM ≈ 0.39

FOM ≈ 0.53
FOM ≈ 0.49



2019, June
Cf252 source

Measurements with fast 
neutron sources

Neutron lifetime in NEOS scintillator possibly connected with Gd

sedimentation.

X-rays intensity shows that Gd concentration for “fresh” sediment is 30% 

higher than scintillator and for “old” it is 80%



Energy calibration of the full-scale detector

8MeV

(2.2       0.276) MeV

(0.511      0.142)  MeV

(1.274       0.217)MeV




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promtE

/ (2 ) 21%E E MeV  =

(2 ) 440E MeV keV =

/ (3 ) 18%E E MeV  =

(3 ) 550E MeV keV =

/ (6 ) 14%E E MeV  =

(6 ) 830E MeV keV =

promtE promtE promtE

0.8promtE E MeV = +


