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A (3+3)-neutrino model is used to 

describe the effects of sterile neutrinos 

in beta-decay and neutrinoless double 

beta-decay of nuclei. 

This model includes three active neutrinos 

να (α = e, , ) and three new sterile 

neutrinos in the assumption of Majorana 

nature of neutrino.

These new neutrinos are: a sterile 

neutrino νs, a hidden neutrino νh and a 

dark neutrino νd. 



Appearance and survival probabilities 

for active neutrinos with contributions of 

sterile neutrinos are obtained for 

explanation of all available data on 

neutrino anomalies at small distances



There are experimental indications on 

neutrino fluxes anomalies, which can not 

be explained with Modified Standard 

Model (MSM) with only three massive 

active neutrinos

Short Base Length (SBL) anomalies 

L is the distance from neutrino source (m)

E is the neutrino energy (MeV)
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Accelerator anomaly

LSND and MiniBooNE anomaly: an excess 
of the electron antineutrinos
in beams of muon antineutrinos in 
comparison with the expected value 
according MCM

LSND Collaboration, 

C. Athanassopoulos et al., Phys. Rev. Lett. 
77, 3082 (1996)

MiniBooNE Collaboration, A.A. Aguilar-
Arevalo et al., Phys. Rev. Lett. 161801
(2013) 



Reactor anomaly

Deficit of reactor electron antineutrinos at

short distances

Gallium or calibration anomaly

Deficit of electron neutrinos from a 
radioactive source occurred at 
calibration of detectors for the SAGE 
and GALLEX experiments 



SBL anomalies

may be explained by means of existence of 

new sterile neutrinos, which do not interact 

directly with the SM gauge bosons.

The characteristic mass scale of these light 

SNs is ~1 eV. Now intensive searches

are carried out for light SNs  or eV-sterile 

neutrinos. It is expected that in the coming 

several years it will be possible to confirm or 

reject their existence 



Standard  Model

Three types of massless neutrino 

L,α α=e,,



Modified Standard Model (MSM)
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P = diag{1,  exp(i),  exp(i)}, 
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Experimental data on neutrino oscillations 

characteristics
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Generalized mixing of active and sterile 

neutrinos



Generalized mixing of active and sterile 

neutrinos



Generalized mixing of active and sterile 

neutrinos



Neutrino masses will be set on the base of 

existing experimental data and limits for

Δm2 , effective masses in beta and neutrinoless 

double beta decay and mixing parameters of 

active and sterile neutrinos

Both active and sterile neutrinos are treated as 

Majorana particles

{m(eV)}={0.0016, 0.0088,0.0497,1.05,0.63,0.27}



Transition probability

P(αα’)=α’α-4Re(Σi>kUm,α’iU*m,αiU* m,α’kU m,αk)sin2Δki

+2Im(Σi>kUm,α’iU*m,αiU* m,α’kU m,αk)sin2Δki

Um – generalized 66 mixing matrix

Δki≡ Δm2
ikL/(4E)

Δm2
ik, L, 4E are given in eV2, m and MeV

respectively



Probability of appearance of e in  beam as a function of L/E 

ratio. The dashed curve  is a result of (3+1) model



Probability of appearance of anti-e in anti- beam 

as a function of L/E ratio. The dashed curve  is a 

result of (3+1) model



Probability of survival of e (anti-e) as a function of 

L/E ratio. The dashed curve  is a result of (3+1) 

model



Survival probability for e as a function of distance L

for 51Cr neutrino source



Survival probability for e as a function of distance L

for 37Ar neutrino source



Survival probability for e as a function of distance L

for 65Zn neutrino source



Contribution of sterile neutrino to - and double-

decay probability

m2
=Σi|Uei|

2 m2
i

m=0.131 eV   AN+SN

KATRIN experiment    m<0.2 eV

Three AN, without SN, NO m=0.001 eV



Neutrinoless double beta-decay

m=|ΣiU
2
ei mi|

m=0.027 eV   AN+SN

KamLAND-Zen, 136Ar, m<0.061 eV
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82Se is perspective isotope for 02
search

NEMO-3  0.93 kg, T0
1/2>2.51023 yrs

CUPID-0  5.53 kg, T0
1/2>2.41024 yrs

m=0.027 eV

{T0
1/2}min= 6.21026 yrs

{T0
1/2}max= 21027 yrs, depending on NME

New large-scale setups  are to be built



SuperNEMO, 100 kg 82Se

For calculation of sensitivity for T0
1/2 exact 

calculation of unremovable background 

due to two-neutrino channel are 

necessary



Calculation of (22)-decay amplitude for  Se-82





Conclusiomn
Probabilties of appearance and survival of electron 

neutrino and antineutrino are obtained in (3+3) 

model for different SBL experiments are obtained. 

This gives the possibility to explain the set of 

experimental facts on neutrino anomalies

Differential intensities  for two-neutrino channel are 

calculated

The  model estimations of effective masses 

m and m are performed and half-decay time 

for neutrinoless double beta decay of 82Se is 

obtained



Thank you


