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This model includes three active neutrinos
VvV, (a = e, u, t) and three new sterile
neutrinos Iin the assumptionref:Majorana
nature of neutrino. .1

“These new.neutinos,are;asterile
riNo V., a hidden neutrine v, and a

dark neutrino vy
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~_ 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
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There are experimental indications en

urrJru fluxes anorrellies, /'ch,r Gzl r1ot
4-'-1 pPe explamned with- Modried Standards
—_Model (MSM) with only three massive
active neutrinos

Short Base Length (SBL) anomalies

o
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 lbis;therdis INo_source (m)

E Is the neutrino energy (MeV)




Accelerator anomaly.
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~ inbeams of muon antineutrinos in
- —comparisen with the expected value
according MCM

LSND Collaboration,

C. Athanassopoulos et al., Phys. Rev. Lett.
/7, 3082 (1996)

o WiniBooNE Collaboration; A  Aguilar- .

’?;@y.alcmvm ett. 161801
2013)




Deflct Of eactor electron antlneutrlnos at

short distances

Gallium or calibration anomaly.
Deficit of electron neutrinos from a

W radioactive iource occur#,atvag—:
~calibra I the SAGE

and GALLEX experiments
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 new sterlle neutrinos, which do not intel act“‘
- —~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

B several years, it will be possibletorconfirmien
_’geet‘mﬁns ence




~ standard Model

Three types of massless neutrino
‘PL,G a=e,u,t _—




v'=U%y',  Uns=U= VP,

P =diag{1, exp(ic), exp(if)},
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—0.0009
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For the compactness of the formulas, we introduce the symbols h, and hy for additional left
fHavor fields and additional left mass fields, respectively, As s we will nse a set of indices that
allocate v, 1, and vy fields among h,, and as ' we will use a set of indices 4, 5 and 6. The 6x6

mixing matrix Uy, can then be expressed through 3x3 matrices K, T, V and W as follows

I I_ i R T v,
- E mix

JF'I.-; hr-,. W 'il'lr'"

e
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fp, S

where B = Upyng + AUpyns. The matrix AlUpywg, as well as the matrix T in equation (1)

should be small as compared with the matrix Upppes, thus AUpyms = —€Upng, where € 15

a small value, which can be represented as e = 1 — 32 50 R = sl/pys. (Upying = U below).




L
— neutrinos .
——— S EE WS ——— P ——

et . - - —

g -
— ——— il — o

We define T as T' = +/1 — »?a, where a is an arbitrary unitary 3x3 matrix. [/, can be

Wwritten as

o RTY xl/ v1—ta )

Vo V11— bl M0

where b is also an arbitrary unitary 33 matrix, and ¢ = —ba, Under these conditions U, will

be unitary. We consider only some particular cases for U, and use the matrices a and b

cosTly SN { [ COSTH ST, 0

a=| —sinng cospp 0|, b= —sinmy cosnp 0| (3)

0 0 e 0 0 e




_ neutrinos
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where k1 and s2 are mixing phases for AN and SN, whereas i and 2 are their mixing angles. The
matrix a in the form (3) was proposed in Ref. 4. In order to make our calculations more specific,

we use the following test values for new mixing parameters:

Ky = ke = —T/2, =57, 1= 307, (4)

and assume that the small parameter ¢ satisfies at least the condition ¢ = 0.03. The mixing matrix
in the form of equation (2) is more general in comparison with the mixing matrix [’ that was
proposed and used in Ref. 4, so there are more possibilities to describe the various contributions
of SN.

The neutrino masses are given by a normally ordered set of values {m} = {m,, m;}. For
AN we use the neuntrino mass estimations, which were proposed in Refs. 4,26.30 for NH-case

{in unitz of eV) and which do not contradict to the known experimental data:

mq == 00016, me = 0.0088,  mg == 0.0497 . (5)
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Neutrino masses. W|IH:)e Set on the base of
existing experimental data and limits for

Am? | effective masses in beta and neutrinoless
double beta decay and mixing parameters of
active and sterile neutrinos

%\f and sterile neutrinio|s are t.ueateﬂg‘?‘.i.‘i

Im(eV)}={0.0016, 0.0088,0.0497,1.05,0.63,0.27}
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— generalized 6-6 mixing matrix

A= AT k._/.(
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L/E, m/MeV
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Probability of survival of Y (anti-ve 252 function of
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L/E, m/MeV




E, =0.43 MeV
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E, = 0.81 MeV-
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E, =1.35MeV
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NeLirinioless douole peta-decay

M, -;;:J;_pr, O —

Me,=0.027 eV AN+SN
KamLAND-Zen, 13¢Ar, m,,<0.061 eV
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NEMO-3 0.93 kg, T%,,,>2.5-10%3 yrs
CUPID-0 5.53 kg, T%,,>2.4-10%4 yrs .

mg,=0.027 eV
e L —
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ew large-scale setups are to be built
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~ SuperNEMO, 100 kg #2Se
For calculation of sensitivity for T%, , exact
calculation of unremovable background

due to two-neutrino channel are
necessary
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~ 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
mE and m,, are performed and hali-decay time

neutrinoless double bet cay/ of 82S@ig
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