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Reactor SM-3 Week protection from cosmic 
rays (3-5 m w. e.) 

90 MW thermal power 

Compact core 42x42x35cm 

Highly enriched 235U fuel 

Due to some peculiar characteristics of its construction, reactor SM-3 provides the most favorable 

conditions to search for neutrino oscillations at short distances. However, SM-3 reactor, as well as other 

research reactors, is located on the Earth’s surface, hence, cosmic background is the major difficulty in 

considered experiment.  4 



1. detector (5x10 cells) 

2. internal active shielding 

3. external active shielding 

4. steel and lead 

5. borated polyethylene 

6. moveable platform 

7. feed screw 

8. step motor 

9. shielding 

Movable and spectrum sensitive antineutrino detector at SM-3 reactor 

Neutrino 
channel 
outside 
and 
inside 

Passive shielding - 60 tons Range of measurements is 6 – 12 
meters 

Liquid scintillator detector  
50 sections  0.235x0.235x0.85м3 

Detector 
prototype  

Full-scale  
detector  
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The correlated signal produced by the cosmic background 

measured over the whole time (up). The correlated ON-OFF 

signal over the whole time (down). 

The distribution of deviations from 

average value of correlated events 

rates background (OFF) and 

differences (ON-OFF) normalized on 

their statistical uncertainties. 


cosmic background   - OFF 

ON-OFF  antineutrino signal  

OFF 

ON-OFF 

(7 1)%  

(9 2)%  



Energy calibration of the full-scale detector 

Pu-Be neutron source 

22 Na- gamma source 
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BACKGROUND  SPECTRUM 

Presence of that structure in the energy spectrum indicates that energy calibration of the detector was the 

same in all measurements.  

Еnergy resolution of the detector σ=250 keV which does not depend on the energy of a positron.  
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difference normalized to the calculated spectrum 

calculated MC spectrum of antineutrino for 235U  

experimental ON-OFF spectrum.  

Comparison of MC spectrum of antineutrino for 235U with the experimental ON-OFF spectrum 

Spectrally independent method for 

analyzing experimental data is needed 
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The spectrum independent method of experimental data analysis 

Probability of antineutrino disappearance 
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The denominator is significantly simplified with a range of measurement distances significantly greater than the 

characteristic oscillation period: 
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14m 2
14sin 2θ

2
   

Excluded from 
 Neutrino-4 

CL>99.9% CL 

Expected 
from  

Neutrino-4  
CL 99.7% 

The results of the analysis of optimal parameters               and  using  method  

 We observed the 

oscillation effect at  

C.L. 2.9  

in  vicinity of : 
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𝚫𝒎𝟏𝟒
𝟐 = 𝟕. 𝟑𝟎 ± 𝟎. 𝟏𝟑𝒔𝒕

± 𝟏. 𝟏𝟔𝒔𝒚𝒔𝒕 
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It should be noted that the experimental 

points should be fitted with such a sinusoidal 

dependence, which has a maximum at the 

origin, since the process of oscillations starts 

from the source. This significantly reduces 

the set of sinusoids available for fitting. FIG. 

shows the complete curve of the oscillation 

process starting from the reactor.  

There is a maximum at zero, from here the process of 

oscillations begins 
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Comparison of the R-ratio versus L/E for the neutrino 

signal (top)  

 

 

and the R-ratio versus L/E for the background (bottom). 

ANALYSIS OF POSSIBLE SYSTEMATIC EFFECTS  

Reactor OFF 

Reactor ON 
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RESULT OF  EXPERIMENT NEUTRINO-4 
. 

𝚫𝒎𝟏𝟒
𝟐 = 𝟕. 𝟑𝟎 ± 𝟎. 𝟏𝟑𝒔𝒕 ± 𝟏. 𝟏𝟔𝒔𝒚𝒔𝒕 = 𝟕. 𝟑𝟎 ± 𝟏. 𝟏𝟕 

Monte Carlo based statistical analysis gave an estimation of the confidence level at 2.7σ. 

𝒔𝒊𝒏𝟐𝟐𝜽𝟏𝟒 = 𝟎. 𝟑𝟔 ± 𝟎. 𝟏𝟐(𝟐. 𝟗𝝈  
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Comparison of results of Neutrino-4 experiment  

with results of other experiments 

Neutrino-4 
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10 eV^2 

1 eV^2 

0.1 

1 

0.4 0.2 0.6 

Comparison of results of Neutrino-4 experiment with results of other experiments 

𝚫𝒎𝟏𝟒
𝟐  

𝒔𝒊𝒏𝟐𝟐𝜽𝟏𝟒 

Neutrino-4 
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Comparison of the results of Neutrino-4 experiment with the results of reactor, gallium anomaly and results of the 

KATRIN and GERDA experiments and results of BEST experiment 

 sin2 2𝜃14 ≈ 0.32 ± 0.10(3.2𝜎   𝐬𝐢𝐧𝟐 𝟐𝜽𝟏𝟒 ≈ 𝟎. 𝟑𝟔 ± 𝟎. 𝟏𝟐(𝟐. 𝟗𝝈  

Neutrino-4 
𝑹𝑨𝑨   𝐬𝐢𝐧𝟐 𝟐𝜽𝟏𝟒 ≈ 𝟎. 𝟏𝟑 ± 𝟎. 𝟎𝟓(𝟐. 𝟔𝝈  

gallium anomaly  

Neutrino-4 

 𝐬𝐢𝐧𝟐 𝟐𝜽𝟏𝟒 ≈ 𝟎. 𝟑𝟒 ± 𝟎. 𝟎𝟖(𝟒. 𝟑𝝈  

Neutrino-4 + gallium anomaly  

We use the sterile neutrino parameters 

 𝒔𝒊𝒏𝟐 𝟐𝜽𝟏𝟒 ≈ 𝟎. 𝟑𝟒 ± 𝟎. 𝟎𝟖,  𝚫𝒎𝟏𝟒
𝟐 = (𝟕. 𝟑 ± 𝟎. 𝟏𝟑𝒔𝒕 ± 𝟏. 𝟏𝟔𝒔𝒚𝒔𝒕  𝐞𝑽𝟐 

in our further analysis. 

 𝐬𝐢𝐧𝟐 𝟐𝜽𝟏𝟒 ≈ 𝟎. 𝟑𝟒 ± 𝟎. 𝟎𝟖(𝟒. 𝟑𝝈  



Results from the Baksan Experiment on Sterile Transitions (BEST) 

The source was delivered to the Baksan 

Neutrino Observatory (BNO) on July 5, 

2019 and was placed into the two-zone 

target at 14:02 that same day and this is 

our chosen reference time for the source 

strength. The source was manufactured by 

irradiating 4 kg of 50Cr-enriched metal 

for 100 d in a reactor at the State Scientic 

Center Research Institute of Atomic 

Reactors, Dimitrovgrad, Russia. The 

activity (A) at the reference time 

is 3.4140.008 MCi.  

The 51Cr isotope emitse's at 4 energies;  

747 keV (81.63%),  

427 keV (8.95%),  

752 keV (8.49%) and  

432 keV (0.93%). 



1.0 m 0.5 0 
0 0.5 1.0 m 

𝚫𝒎𝟏𝟒
𝟐 = 𝟕. 𝟑 𝐞𝐕𝟐 

𝚫𝒎𝟏𝟒
𝟐 = 𝟏. 𝟎 𝐞𝐕𝟐 

Project for Result  for 

Experiment BEST 

 sin2 2𝜃14 ≈ 0.32 ± 0.10(3.2𝜎  

Outer  

Volume 
Outer  

Volume 
Inner  

Volume 
Inner  

Volume 
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Comparison of results of Neutrino-4 experiment with results of  IceCube experiment 

𝚫𝒎𝟏𝟒
𝟐 = 𝟒. 𝟒𝟕−𝟐.𝟎𝟖

+𝟑.𝟓𝟑 

     𝒔𝒊𝒏𝟐 𝟐𝜽𝟐𝟒 = 𝟎. 𝟏𝟎−𝟎.𝟎𝟕
+𝟎.𝟏𝟎𝟐 

Neutrino-4  

(𝒔𝒊𝒏𝟐𝟐𝜽𝟏𝟒  
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Possibility of experimental confirmation 

 of the 3 + 1 neutrino model 

 with one sterile neutrino 
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THE STRUCTURE OF 3+1 NEUTRINO MODEL AND REPRESENTATION OF 

PROBABILITIES OF VARIOUS OSCILLATIONS 
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The relations of oscillations parameters required for comparative analysis of 

experimental results are: 

The first important conclusion of the 3 + 1 model is that the oscillation frequency in all 
processes should be the same, i.e. it is determined by the value 

 𝚫𝒎𝟏𝟒
𝟐  

The second important relation for experimental verification of the 3 + 1 model.  

2 2 2

14 24

1
2 2 2

4
sin sin sin  

This relationship can be interpreted in fairly simple way. The appearance of electron 
neutrinos in muon neutrino beam: this is a second-order process, i.e. transition of muon 
neutrino to sterile neutrino, and then the transition of sterile neutrino into electron neutrino.  

𝑒 
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Neutrino-4 CL 95% +IceCube 

0.34 0.1 

NEUTRINO-4 ICECUBE 

𝚫𝒎𝟏𝟒
𝟐  

= 𝟕. 𝟑 

𝚫𝒎𝟏𝟒
𝟐  

= 𝟕. 𝟑 

MINIBOONE AND LSND 

(with RAA)( ≈ 𝟎. 𝟎𝟎𝟏 ÷ 𝟎. 𝟎𝟎𝟗 

A.P. Serebrov *, R.M. Samoilov JETP Letters, 

Volume 112, 2020  Issue 4, pp 211–225 

arxiv:2003.03199 

COMPARISON OF NEUTRINO-4 WITH ICECUBE, MINIBOONE AND LSND 

https://arxiv.org/abs/1809.10561
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Prediction of the effective mass of electron neutrino from 

Neutrino-4 experiment and comparison with experiments on 

measuring neutrino mass: KATRIN and GERDA 

𝒎𝟒𝝂𝒆

𝒆𝒇𝒇
=  𝒎𝒊

𝟐 𝑼𝒆𝒊
𝟐 ;    𝒔𝒊𝒏𝟐 𝟐𝜽𝟏𝟒 ≈ 𝟒 𝑼𝟏𝟒

𝟐; 
∑𝑚𝜈 = 𝑚1 + 𝑚2 + 𝑚3 ≈ 0.54 ÷  0.11eV 

∆𝒎𝟏𝟒
𝟐  ≈ 𝒎𝟒

𝟐≈ 𝟕. 𝟐𝟓 𝒆𝑽𝟐,     𝒎𝟏
𝟐,𝒎𝟐

𝟐,𝒎𝟑
𝟐  ≪  𝒎𝟒

𝟐 

𝑚4𝜈𝑒

eff ≈ m4
2 𝑈𝑒4

2 ≈
1

2
𝑚4

2 sin2 2𝜃14. 

𝒎𝟒𝝂𝒆

𝒆𝒇𝒇
= (𝟎. 𝟖𝟐 ± 𝟎. 𝟏𝟖 𝐞𝐕 𝒎𝟒𝝂𝒆

𝟐 = 𝟎. 𝟔𝟖 ± 𝟎. 𝟐𝟗 

𝒎𝟒 = (𝟐. 𝟕𝟎 ± 𝟎. 𝟐𝟐 𝐞𝐕 

𝒎 𝟎𝝂𝜷𝜷 = 𝟎. 𝟐𝟓 ± 𝟎. 𝟎𝟗 𝐞𝐕 2

4 14(0 )m m U 

The majorana mass is determined in the 
double β-decay experiments by the ratio:  

                   

2(0 ) / /ei im U m  
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The best fit to the spectral data yields 

𝒎𝝂𝒆
 𝟐 = 𝟎. 𝟐𝟔 ± 𝟎. 𝟑𝟒, resulting in 

an upper limit of 𝒎𝝂𝒆
< 0.9 eV (90%) 

By combining this result with the first 

neutrino mass campaign, we find an upper 

limit of 𝒎𝝂𝒆
< 0.8 eV (90%) 

 

First direct neutrino-mass measurement with sub-eV sensitivity 

Karlsruhe Tritium Neutrino (KATRIN) experiment 

arXiv:2105.08533v1 [hep-ex] 18 May 2021 
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What does KATRIN measure? 



31 
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m3𝝂𝒆

eff < 0.8 eV (90%)      𝒎𝟑𝝂𝒆

𝒆𝒇𝒇 𝟐
= 𝟎. 𝟐𝟔 ± 𝟎. 𝟑𝟒                   𝒎𝟒𝝂𝒆

𝒆𝒇𝒇 𝟐
= ? 

𝒎𝟒𝝂𝒆

𝒆𝒇𝒇 𝟐
= 𝟎. 𝟔𝟖 ± 𝟎. 𝟐𝟗 

𝑲𝑨𝑻𝑹𝑰𝑵 

𝑵𝒆𝒖𝒕𝒓𝒊𝒏𝒐𝟒 𝒎𝟒𝛎𝐞

𝐞𝐟𝐟  = (𝟎. 𝟖𝟐 ± 𝟎. 𝟏𝟖 𝐞𝐕 

𝒎𝟏
𝟐,𝒎𝟐

𝟐,𝒎𝟑
𝟐  ≪  𝒎𝟒

𝟐 
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𝑅𝛽 𝐸,𝑚𝜈 = 
𝐺𝐹

2 cos2 𝜃𝐶

2𝜋3
ℳ 2𝐹 𝐸, 𝑍 + 1  

× 𝐸 + 𝑚𝑒 𝐸 + 𝑚𝑒
2 − 𝑚𝑒

2 

×  𝜍𝑓 𝐸0 − 𝐸 − 𝑉𝑖
2 − 𝑚𝜈

2

𝑖

Θ 𝐸0 − 𝐸 − 𝑉𝑖 − 𝑚𝜈  

 
𝑅𝛽

𝑠 𝐸,𝑚′𝜈, 𝑚4 = 1 − 𝑈𝑒4
2 𝑅𝛽 𝐸,𝑚′𝜈 + 𝑈𝑒4

2𝑅𝛽 𝐸,𝑚4  
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What should be seen 𝑲𝑨𝑻𝑹𝑰𝑵 taking into account sterile neutrino with parameters:  

𝒎𝟒 = (𝟐. 𝟕𝟎 ± 𝟎. 𝟐𝟐 𝐞𝐕 𝒔𝒊𝒏𝟐 𝟐𝜽𝟏𝟒 ≈ 𝟎. 𝟑𝟒 ± 𝟎. 𝟎𝟖 𝟒. 𝟑𝝈  

calculations performed by R. Samoilov  
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  Neutrino-4         KATRIN 
GERDA     

𝒎 𝟎𝝂𝜷𝜷  

 

 

Effective mass and mass 

squared:  m𝜈𝑒
eff ,  

𝒎𝟒𝝂𝒆

𝒆𝒇𝒇
= 𝟎. 𝟖𝟐 ± 𝟎. 𝟏𝟖 

𝒎𝟒𝝂𝒆

𝒆𝒇𝒇 𝟐
= 𝟎. 𝟔𝟖 ± 𝟎. 𝟐𝟗 

𝒎𝟏
𝟐,𝒎𝟐

𝟐,𝒎𝟑
𝟐  ≪  𝒎𝟒

𝟐 

 

 

𝒎𝟑𝝂𝒆

𝒆𝒇𝒇
< 0.8 eV (90%) 

𝒎𝟑𝝂𝒆

𝒆𝒇𝒇 𝟐
= 𝟎. 𝟐𝟔 ± 𝟎. 𝟑𝟒 

 𝒎𝟒𝝂𝒆

𝒆𝒇𝒇 𝟐
= ? 

  

  

Maiorana mass    

 𝑚 0𝜈𝛽𝛽  

𝒎 𝟎𝝂𝜷𝜷

= 𝟎. 𝟐𝟓 ± 𝟎. 𝟎𝟗 𝐞𝐕 
  

𝒎𝜷𝜷

<  𝟎. 𝟎𝟖𝟎

− 𝟎. 𝟏𝟖𝟐 𝐞𝐕 

2

vm

COMPARISON OF NEUTRINO-4 MASS PREDICTION  WITH MEASUREMENT OF NEUTRINO MASS 



𝒎 𝟎𝝂𝜷𝜷 = 𝟎. 𝟐𝟓 ± 𝟎. 𝟎𝟗 𝐞𝐕  

36 

Comparison with neutrino mass constraints from experiments for neutrino less 

double beta-decay search  

The numerical for this with Neutrino-4 and other experiments average result is shown below.  

This expression for the model 3 + 1 and with 𝑚1,𝑚2,𝑚3≪𝑚4 assumption can be simplified:  

  

The best restrictions on Majorana mass were obtained in GERDA experiment .             In these 

experiments, the half-life of the isotope is measured, which depends on Majorana mass as 

follows:  

The upper limit for the lower limit -  the upper limit for the Majorana mass:  

Lower limit for 𝑇1/2⁄0𝜈>1.8×10    26 years (90% CL)  
Upper limit for 𝑚𝛽𝛽< 80−182 meV  

𝒎 𝟎𝝂𝜷𝜷  <[0.080−0.182 eV  
experiments our estimation 

26 
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Sterile Neutrino Parameters 

Neutrino model                                 

with one sterile neutrino 
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Effective mass  

hierarchy 

RESUTS 
𝚫𝒎𝟏𝟒

𝟐 = 𝟕. 𝟑𝟎 ± 𝟎. 𝟏𝟑𝒔𝒕 ± 𝟏. 𝟏𝟔𝒔𝒚𝒔𝒕 = 𝟕. 𝟑𝟎 ± 𝟏. 𝟏𝟕                    

𝒔𝒊𝒏𝟐 𝟐𝜽 = 𝟎. 𝟑𝟔 ± 𝟎. 𝟏𝟐𝒔𝒕𝒂𝒕(𝟐. 𝟗𝝈  

𝒔𝒊𝒏𝟐 𝟐𝜽𝟏𝟒 ≈ 𝟎. 𝟑𝟒 ± 𝟎. 𝟎𝟖 𝟒. 𝟑𝝈  

𝒎𝟒 = (𝟐. 𝟕𝟎 ± 𝟎. 𝟐𝟐 𝐞𝐕 

𝐦𝟒𝛎𝐞

𝐞𝐟𝐟 = (𝟎. 𝟖𝟐 ± 𝟎. 𝟏𝟖 𝐞𝐕 

𝐦𝟒𝛎𝝁

𝐞𝐟𝐟 = (𝟎. 𝟒𝟏 ± 𝟎. 𝟐𝟔 𝐞𝐕 

𝐦𝟒𝛎𝝉

𝐞𝐟𝐟 ≤ 𝟎. 𝟔𝟎𝐞𝐕 
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PMNS matrix for 3 + 1 model  

A.P. Serebrov *, R.M. Samoilov JETP Letters, Volume 112, 2020  Issue 4, pp 211–225 arxiv:2003.03199 

A.P. Serebrov , Lomonosov Conference. 17-40. 20.08.2021 

Neutrino flavors mixing scheme including sterile neutrino and effective mass hierarchy 

𝑈𝑃𝑀𝑁𝑆
3+1

=

0.824−0.008
+0.007 0.547−0.011

+0.011 0.147−0.003
+0.003 0.306−0.041

+0.041

0.409−0.060
+0.036 0.634−0.065

+0.022 0.657−0.014
+0.044 0.15−0.06

+0.08

0.392−0.048
+0.025 0.547−0.028

+0.056 0.740−0.048
+0.012 < 0.222

< 0.24 < 0.30 < 0.26 > 0.91

 

https://arxiv.org/abs/1809.10561
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Cosmology – the role of sterile neutrinos 

during the formation of Universe 

and the pace of its expansion 

Neutrinos of different masses can affect the early 
Universe or be responsible for the baryon 
asymmetry of the Universe and Dark Matter. 
However, a sterile neutrino with a low mass and a 
small mixing angle can exist without any significant 
influence on the formation of the structure of the 
Universe. Due to the superweak interaction, such 
sterile neutrinos do not thermalize in the primary 
plasma and leave it at an early stage. Moreover, 
leaving the primary plasma at an early stage, they 
reduce its gravitational mass, which accelerates the 
expansion of the Universe. 
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Conclusion 
1.The direct observation of sterile neutrino 

oscillation in Neutrino-4 experiment  

sin2 2𝜃 = 0.36 ± 0.12𝑠𝑡𝑎𝑡(2.9𝜎  

Δ𝑚14
2 = 7.30 ± 0.13𝑠𝑡 ± 1.16𝑠𝑦𝑠𝑡 

2. Possibility of experimental confirmation of the 3 + 1 neutrino model with one sterile neutrino 

3. COMPARISON OF NEUTRINO-4 MASS PREDICTION  

 WITH MEASUREMENT OF NEUTRINO MASS 

4. Neutrino flavors mixing scheme 

including sterile neutrino and effective 

mass hierarchy 

5. PMNS matrix for 3 + 1 model  

Thus, the analysis performed provides quite interesting  generalizations and indication of the possibility of the 

validity of the 3 + 1 neutrino model with one sterile neutrino.  


