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Sterile neutrino search

Gallium anomaly

Reactor antineutrino anomaly
Experiment Neutrino-4 result

LSND, MiniBooNE result
Deficit 

Ravr=0.84 ҕ0.05 

CL 3.2̀

e˄ excess
200< E˄<1250 MeV
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Neutrino - 4 result



Future of the Neutrino - 4 experiment

Neutrino

Laboratory No. 1

Neutrino

Laboratory No. 2
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Å100 MW thermal power

ÅCompact core 42x42x35cm

ÅHighly enriched 235U fuel

ÅSeparated rooms for 
experimental setup

ÅRooms poorly protected from 
space radiation

Vertical and horizontal 
sections of SM-3 

reactor

SM- 3 research reactor



New lab for the Neutrino - 4 
experiment location

New room, same advantages 

and same problems 6



Gamma and fast neutron backgrounds in passive shielding does not depend neither on 
the power of the reactor nor on distance from the reactor

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

Fast neutron flux 9 10-5s-1cm-2outside (near reactor wall)

inside
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SM-3 

reactor core

New lab for the Neutrino - 4 
experiment location
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Å 4 antineutrino detectors

Å 5x5 sections

Å Gd doped LAB -based liquid 
scintillator

Å Total volume 7m 3

Å 6 ð14m base



Detectorõs 
lightguides 

system
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1.2 m length of lightguide
Lightguides are assembled into 5x5 array



Lightguides system assembling
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Detectorõs 
design.
Models

Transparent plex tank

Detector fully assembled

Detectorõs case

Calibration holes Scintillator filling hole

11



Detectorõs design.
Transparent tank
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Detectorõs design.
Case
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Detectorõs design.
Transport system

active shielding

Rails, carts and platforms

borated polyethylene 14



Detectorõs design.
Transport system

Platforms

Inner cavities
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Scintillator PSD capability
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Data acquisition 
system CROS3
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SF/UTP

1Gb/s 

interface

SF/UTP

Å 3 times faster sampling rate

Å 8-10 times higher data transfer rate



ASF48 card 
with FADC
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ˮ͙͔ͤͫͭ͟ ˮ˽ˤ-0.1-2
High voltage power supply

2 kV. 50mA

HVCB Master Board

220Vac/24V
220Vac

Ethernet

Ethernet interface
R/W data controller

HV Master
Interface

DB-50 Interface DB-50

DB-50

DB-50

DB-50

to Detectors

200 HV cables

High Voltage Distribution System HVDS3200 
and active voltage - dividers



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

ÅMaximum current 0.5 mA

Å Current monitoring 0.1%

Å Voltage monitoring 0.1%

Å Stability (during 1 day ) 0.1% 

High Voltage Distribution System 
And active divider for PMT
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Active shielding

Å Polysterene based scintillator

Å Optical fibers with SiPM are used

Å òSpectraló or òlogicaló operating modes
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Active shield counters segment

2m.

LV

Data out

Single counter

2m.

Counting rate- 100/s

Counting rate ς1600/s

13 counters segments

Fool scale active shield 

Counting rate -20800/s

Inter Connection Board(ICB)

ICB

Analog

NIM

Readout for active shielding

https://www.chipdip.ru/catalog-show/d-sub-connectors


Measurements with 
section model
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Single section model

Mirror plex lightguide

Plex 30mm width tank

aperture

PMT

26



Section with NEOS scintillator inside shielding

Scintillator volume ~55 liters

27



Maximum deviation from òaverageó peak 

(scanning mode) is less than 6%

Energy resolution for Co 60 line

Ñ300 keV

Section with NEOS scintillator inside shielding
Calibration with Co 60
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Section with NEOS 
scintillator inside shielding

PSD capability

PSD for prompt signals of correlated events 

from Cf 252 fast neutrons in òscanningó mode

FOM å 0.40

FOM å 0.49
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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 the 

Neutrino - 4

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



Neutrino - 4 experiment 
at the PIK reactor
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