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Neutrino-4 experiment at the SM3 reactor Week protection from cosmic

rays (3-5mw. e.)
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Due to the design features, the SMeactor provides the most favorable conditions for searching for
neutrino oscillations at short distances. However, the33ihctor, like other research reactors, is located or
the Earth's surface, so the cosmic background is the main difficulty in the experiment under consid%ratic



Mobile Spectrum-sensitiveAntineutrino Detector at the SM-3 Reactor
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Curve of oscillations of the neutrino
signal of the Neutrino-4 experiment

Comparison of the results of Neutrine4
experiment with the results of other
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Analysis of the Result of the Neutrine4 Experiment Together with Other Experiments on
the Search for Sterile Neutrinos within the 3 + 1 NeutrindModel

Conclusions of the presented analysis.
The result of Neutrino-4 is not hidden by others
experiments but there is tension withsomeof them.

A. P.Serebrov, etal, JETP, 2023,
Vol. 137, No. 1, pp. 35-70.

1. ExperimentSTEREO,PROSPECTor correctcomparisorof resultswith theresultsof the
Neutrina4 experimentmust examinethe data in the form of the L/E dependence(Not
precisionenoughto refute

2. ReactorAntineutrinoAnomaly (RAA) (Furtheranalysisrequired,includingreactorenergy
releas¢ Accounting for the energy carried away by antineutrinos? This is 5%.
Residualpower after turning off the reactor is 5%.

3. Solarmodel (Not precisionenoughto refute




Comparison of Neutrino-4 results with the results of the PROSPECT, STEREO,
DANSSand NEOS experiments

(There are not enough reasons to talk about the closure of the result of the Neatqoawiment
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We believe that the STEREO and PROSPECT experiments should present data in thelf&me@tionship in
order to correctly compare their results with the results of the Neutraxperiment. Only then will it be possible

to talk about closing the result of the Neutrhexperiment.
6



'he energy carried away by antineutrinos was not taken into account?
This i1s 5%.

Residualpower after turning off the reactor is 5% . Together 10%

3.These are unaccounted beta decays with
short lifetime and high decayenergy.
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Comparison of the results of the Neutrine4 experiment with the gallium anomaly (GA)
10

P T P

am?,, eV?
o

TR R R R R RN R T rTrR T Ty Tr TN Tt rr TN TN T T T T T T T T s P T T PPN

........ CO nfl rm atl on
............ 1 1P ol

e S S S S
- e Y

1:._... ................. - ~ .... ................ ................ .............. D:I - | Dl | i | Ui | Ui | U | i | o | D | Dy
— : : ; 3 ; : 3 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1

0"‘1111111111111111111111111111111111111111111111111 SiﬂEEEM

0 0.1 0.2 0.3 04 2%59 \ 0.6 0.7 0.8 0.9 1
Sin
On the lefti comparison of the result of the BEST experiment with GA and the result of the Neligiperiment.
On the rightt The result of the combined analysis of GA, BEST and Neu#jnehere blue indicates the area with

a 10 CLk20gre@hl owda4d ik, r5dalda n d5 .b8 Qu.e

The results of direct experiments on the search for sterile neutiNegtrino4 and BEST with GA indicate the existence

of sterile neutrinos with oscillation parameterss S m i [P 8 8 B8 @mT
8



Neutrino-4 and BEST with GA

The results of direct experiments to search for sterile neutrinos
Neutrina4 and BEST with GA indicate the existence of a sterile
neutrino with oscillation parameters:

8 w11 [P 8

Confirmationof v = P 8 (5.8 LU

However new confirmation are needed!



Two important implications for particle physics from Neutrino -4 result

1. Effectivemass of electroneutrino:i " (8
2. Majorana or Dirameutrino? More probableDirac neutrino!
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Comparison with neutrino mass constraints from experiments searching for
double beta decay without neutrinos

m(0vBp) = (0.25+0.09)eV | m(Ovpp)~m U} | m(OvBp)<[0.080-0.182]eV
our estimation experiments

The best weight limits for Marjoram were obtained in the GERDA experiment.

The value obtamed with the Neutrmo-4 oscillation parameters 13 m (Qvff) = (0.25 + 0.09) eV, which 1 three
times the limit declared by the GERDA experment. This 15 a sigmficant discrepancy, but 1t 15 too early to draw
reliable conclusions, If in the future the Majorana mass limit of the double beta decay experiment i3 lowered and
the result of the Neutrmo-4 expermment 12 confirmed, this will close the hypothesis that the neutrmo 1 a
Majorana-type particle
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Effective mass of an electron neutrino
from the Neutrino-4 experiment
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/

Double
Beta
Decay
Without
Neutrinos

N—m\ T

Majoranaor Dirac neutrin@
More probable Dirac neutrino!
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Cosmology and sterile neutrinos

Serebrov, A.P.Samoiloy R.M., Chaikovskij M.E.,
ZherebtsoyO.M., Result of the Neutrind Experiment

and the Cosmological Constraints on the Sterile Neutrino
(Brief Review) JETP Letters , 2022, 116(110)ls 669
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3+1 neutrino model and cosmology
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Behavior of mixing between neutrinos inexpanding Universe
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Behavior of adiabatic energy levels in expanding Universe
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Eq

uation for the generationand destruction of sterile neutrinos
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Generation and destruction of sterile neutrinos

The densities of different types of neutrinos are the same
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RESULT

Contribution of the Sterile Neutrino (O S mTr
to the Energy Density of theUniverse
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Heavy sterile (right-handed)neutrinos with very small mixing angles
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Heavy sterile (right -handed)neutrinos with very small mixing angles can be considered a:
dark matter and explain the structure of the Universe!




Structure formation depends on DM type

LCDM is the standard cosmological model of structure formation , based on weakly
Interacting massive particles (WIMPS), a.k.a. Cold dark matter (CDM)

Hot dark matter Warm dark matter Cold dark matter

(Fast moving) m~ keV
Small structures afe
erased

(Slow mowmg) m~ GeV-
TeV Small stru€tres for
first, thenimerge

Heavy sterile (right -handed) neutrinos with a massof several
keV can form a structure due to gravitational forces and
forces of attraction between right-handed neutrinos and
right -handedantineutrinos.
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General picture of the compositio
of the energy density and mass o
the Universe
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Dynamics of the generation of the dark
matter consisted of three righthanded
neutrinos and right -handedantineutrinos .




Hierarchy of right -handed neutrinomasses ?
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Mass hierarchy for left
and right neutrinos.

The direct hierarchy of
mass active neutrinos is
taken as a basis.

It can be assumed that the
right neutrino mass
hierarchy somehow
correlates with the lepton
mass hierarchy, i.e.
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Laboratory and astrophysicalconstraints on the parametersof sterile neutrinos. 1) Red spotsi result of
the Neutrino-4 experiment and possible massesof the heavy right-handed neutrinos; 2) ¢ yrange in 5-
25%; 3) DGB i experimental constraints from gammabackground [11]; 4) SN experimental constraints
from SN1987observation,5) constraints from NuSTAR experiment[12]; 6) KATRIN excluded95% CL i
constraints on eV-scalesterile neutrino from KATRIN experiment[13]; 7) excluded95% CL T constraints

from neutrino massmeasurementsexperimentfrom [13];
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Scheme of extending the Standard Model by introducing additional elementary particlesight -handed
neutrinos, the saecalled Neutrino Minimal Standard Model sSMSM
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If we assumethat the massof the light right-handedneutrinois determinedthenthe massesf heavyright-
handedheutrinosareunknown It canbe assumedhatthe right neutrinomasshierarchysomehowcorrelateswith
the leptonmasshierarchy,i.e. @ hd hd . Thenwe canassumehe following direct hierarchyof right neutrino
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Decay time of righthanded neutrinos in the
channel of twobody and threebody decay.

Dasgupteaand J. Kopp, Phys.
Rept.928(2021) 163,
arxiv:2106.05913v1
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The result of the Neutrind experiment, sterile neutrinos, dark matter
and the Standard Model. P. Serebra\R. M.SamoiloyO. M.Zherebtsov o5
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Does thelight right-handedneutrino ( 8 gg jcontradict astrophysical
data on the measurement of the mass conteat 4He?

How accurate are the experimental limits on the number of neutrinos
based on astrophysical data on measuring the mass content4bie?
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When passing from 4 h= to 4 h=, the mass

contentof 4He increasesoy 4.9%

The number of degreesof freedom at the moment of neutron
hardeningsequalto:C ¢ -tt -tgt0

The first contribution arises due to photons, the seconddue to
electronsandpositrons the third is associateavith light neutrinosthat
havemanagedo thermalize

. m 4 . md

Accordingly, for 4 h|2|' 8 and for 4 thl'

8 . Althoughthe numberof degree®f freedomincreasedy 16.3%,
the rate of plasma expansionincreasesby 7.8%, becauseroot

dependency
The numberof degreeof freedomat the time of nucleosynthesiss:
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Accordingly,for N 3=3, @g*Tn=3.36, and forN &4, g*Tn=3.81
Although the numberof degreesof freedomincreasedy 13.5%, the
plasmaexpansionrate increasedhy 6.5%, becauseroot dependency
Thus,therateof plasmaexpansiorduring nucleosynthesiscreasedy
6.5% when passingfrom the analysis of the schemewith three
neutrinosto the schemewith four neutrinos The averagevalue of the

increasan thenumberof degree®f freedomovertheintervalfrom 1.2
sto 265sis approximately7%o.
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The experimental estimationson the number of neutrinos based on
astrophysical data on measuring the mass content dHe
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ON THE QUESTION OF THE ORIGINAL HELIUM CONTENT
ACCORDING TO RRL OBSERVATIONS IN ORION A
Therefore,it canbe expectedthat the primordial helium
abundance(Yp He/H ratio by mass)may be at leastin

the range of values of £24.93¢29.40% which

allows for deviations from the conclusions of the
Standard Model, for example, allowing for the
presenceof unknown light particles during primordial
nucleosynthesis 28



It Is Impossible to draw a definite conclusion in favor of models of
three or four neutrinos,
basedon the presented astrophysicallata.




Role of lepton asymmetryin BBN analysis

Assumption that the lepton asymmetry is as small as the baryon asymmetry.
However, this condition may be violated
At the beginning of BBN, neutrons and protons are in equilibrium until the equilibrium is disturbed by a wz¢

Interaction. If the processm h,-O - g 'S suppressed with respect to the proeess h,.O == gg dueto
a smaller number of electron antineutrinos, then this suppresses the qpeatoomratio and, as a resuli, P
decreases. This decreasedrcan be compensated by increasing the number of degrees of freeddmkeep the

same value of . Thus, the presence of lepton asymmetry masks the presence of the fourth neutrino.

\U

leptonasymmetry 0 o)
decreased = W m ., Ny =m
n Am
n, — Ny _ 2 Ky B /T _n = €Xp {"‘“ - Ju'l""c }
n, +n,  9C(3) T  Sa= M /Ty Ny . T,

| e pd DyNMmMGt Hh¥|%|h
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Role of lepton asymmetryin BBN analysis

Q(Mh )

(_

I Is the chemicalelectronneutrino potential,,

T

At anonzerochemicalpotential the Fermi Dirac distributionsfor neutrinogantineutrinosarewritten as

Is asymmetryof the electron

1
Dependence ofl on Kng: andd -Ii

“Q (r‘]ﬁ ) ( ) )
where, “ ]1"Y and’
neutrind
£ £ 3
’ é ¢ 0.260j
0,258 4
0.256 ‘
0.254 4
fa: ﬂva/ Tv ,o 0252
0,250
0.248:
Am u”c

0,246 -
0.244 -

Y, =0.245 + 0.013%(N_-3)

0,27 4

0,26 1

0,251

0,24 4

0,23~

0,22

Y, =2(nlp)/(1+nip), nip = (nfp),(1-2)

-0,10
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31



From the definition of the mass content of He4

Yp

= 0.2462+0.0022 B

K =~ 0.05

K=0

Yp= 0.2462+0.0022
K~ 5% Jh

' 4,0
0.8—
B 3,8
0.6—
2 N, = 4
: 36
— 04—
B =
ool Z 3.4
Kurichin 2022
023 0235 024 0245 025 0255 026 0265 027 3=2
p
. 3,0
arxiv.2306.09962

The result of the Neutrind experiment, sterile neutrinos, dark matter
and the Standard Model. P. Serebrg\R. M.SamoiloyO. M.Zherebtsov
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https://arxiv.org/search/?searchtype=author&query=Serebrov,+A+P
https://arxiv.org/search/?searchtype=author&query=Samoilov,+R+M
https://arxiv.org/search/?searchtype=author&query=Zherebtsov,+O+M

The appearance of neutrineantineutrino
asymmetry in the process
of primary nucleosynthesis

(Resultof our calculations In progress)
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CONCLUSIONS

1. The joint analysis of the results of the Neutrino-4 experiment and the data of the
GALLEX, SAGE and BEST experiments confirm the parameters of neutrino
oscillations declared by the Neutrino-4 experiment ( 8 g and v: = P 8 )
and increaseghe confidencelevelto 5.80. O S m

2. Estimation of the contribution of sterile neutrinoswith mass 8 g 6 5% of the
energy density of theUniverse.

3. Extension of the neutrino model by introducing two more heavy sterile neutrinos in
accordancewith the number of typesof active neutrinos will make it possibleto explain
the structure of the Universe and bring the contribution of sterile neutrinos to the dark
matter of the Universeto the level of 27% . Dark matter can be explainedby heavyright -
handedneutrinos within the framework of the extendedStandard Mode sMSM.

4. It i1s shown that, based on modern astrophysical data, it is impossible to draw a
definite conclusionin favor of the model of three or four neutrinos.

34




In general,

It was shown that there i1s enouglhoom to introduce
the light right -handed neutrino tocosmology,

moreover, dark matter can be explained byheavy right-handed
neutrinos within the framework of the extendedStandard Model.
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Prospects forconfirmation
of Neutrino-4 result
by our new experiments
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antineutrino
detector

Active

creation of a second neutrino laboratory and a new
Installation -



New Installation (Neutrino-4M) for the first neutrino laboratory

1. The installation was manufactured and transported to the SM3 reactor.

2. Measurementsare started recently.
3. The expected measurement accuraag 2 times higheythan for the




Installation Neutrino -6 Secondneutrino
laboratory at the

SM-3 reactor

IR aaamlliEaaaalliiEaeasalliE
Fas'an sn anionl | Fanian an'c s ant | Fan an an an anl |
|| 3B | | D2 ||y -2 |1
Dt | 3Ot || 3t
OB >0 D-0L | OO
Snsbnetwaisainsd | B ratssined | Rusiaie aimoinsy
& ®) 2 $ O ¢
15 m from center 5 m from center
corereactor frpre reactor

1stneutrino
laboratory

Neutrino-4M

2nd neutrino
laboratory

Neutrino-6
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New installation (Neutrino-6) for the second neutrino laboratory

_I : Gatchina. Manufacturing of Passive protection is being installed
Installation componenis completed. at the SM-3 reactor




In Gatchina. Manufacturing
and testing electroniand
photomultiplierg200 pcs.) Is
being completed.




The statistical accuracy of theNeutrino-6 installation is expected to improve
by 3 times compared to theNeutrino-4 installation
Achieving 5 sigma confidence level

: Accurac
Method Parameter improvement factor : y
Increase factor

4 detectors 3 times larger volume 1.6
Gdconcentration 4 times less randomoensidens 1.5
0.2%

PSD 4 times less correlated background 1.3
Overall accuracy

Increase factor @

Effect(/)B:ckground =z 4 times less likelihood of
(was 0.5) systematic error




What will happen next
will be shown by the experiment

Thank you
for your attention
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Comparison of Neutrino-4 results with IceCubeand LSND, MiniBooNE results
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Comparison of Neutrined results withLSNDMiniBooNEand MicroBooNE-esults

(At least it doesn't contradigt
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The effect of the appearance of neutrinos in taiBooNELSND U _
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