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The answer to the question whether neutrinos are their own antiparticles
Is of central importance, not only to our understanding of neutrinos, but
also to our understanding of the origin of mass.

What is the nature of neutrinos?

Actually, when NMEs will be needed to analyze data?

GUT’s

Only the Ovpp-decay can answer this fundamental question

Analogy with Could we have both? Analogy with
kaons: K;and K, (light Dirac and heavy Majorana) T



Standard (conservative) O vfgf-decay
picture
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Complementarity
of OvpB-decay,
B-decay and
cosmology

B-decay (Mainz,
Troitsk)
2
‘HI B =
S UEPm? < (2.2 eV)?
KATRIN: (0.2 eV)?

Cosmology (Planck)
> < 110 meV

mo > 26 meV (NS)
87 meV (IS)



mg,=0 does not imply that the Ovf33-decay

is not allowed!
maga | 2 OV Represents a simplified expression

gnL 7 __I'Dv
AT v for the Ovpp-decay rate

(112) " =

Decomposition of v-propagator P — Z U“
J

M,

7 =P;+P;+Ps +
S. Pascoli and S.T Petcov, ’"

PRD 77, 113003 (2008)

g,

a-

lquZU Ly =qf('"> Py ——ZU;;JmJ—

2 2 ) / )
mg=<m> Mm; < |g°| |g2| ~ (100 MeV)?

There are also additional higher order
contributions to the Ov3B-decay amplitude

o/10201 There does not exist symmetry which forbids Ov3B-decay 6



The 0vpp-decay Nuclear Matrix Elements
must be evaluated using tools of nuclear theory

The double beta decay process can be observed due to nuclear pairing
interaction that favors energetically the even-even nuclei over the
odd-odd nuclei

In double beta decay two neutrons bound in the ground state of an initial
even-even nucleus are simultaneously transformed into two protons that
are bound in the ground state or excited (0%, 2*) states of the final nucleus

It is necessary to evaluate, with a sufficient accuracy,
wave functions of both nuclei, and evaluate the matrix element of the
Ovpp-decay operator connecting them

This can not be done exactly, some approximation and/or truncation
Is always needed. Moreover, there is no other analogues observable
that can be used to judge directly the quality of the resulit.

9/10/2016 Fedor Simkovic 7



Method ga STC M

- _ BCa  ™Ge ¥Se Pyzr W0\ Upd NMEs for
[SM-StMa 1.25 UCOM 0.85 281  2.64
ISM-CMU  1.27 Argonne 0.80  3.37  3.19 unquenched value
CD-Bonn  0.88 3.57 3.39 of g
IBM 1.27  Argonne 1.75 4.68 3.73 283 4.22 4.05 A
QRPA-TBC 1.27  Argonne 0.54 5.16 4.64 2.72 5.40 5.7
CD-Bonn 059 557 502 296 585  6.26 Mean field approaches
QRPA-Jy 1.26 CD-Bonn 5.26 3.73 3.14 3.90 6.52
dQRPA-NC 1.25  without 5.09 (PHFB, NREDF’ REDF)
PHFB 1.25  Argonne 284 582 712 — Large NMEs
CD-Bonn 2.98 6.07 7.42
NREDF 1.25 UCOM 2.37 4.60 4.22 5.65 5.08
125  without 294 613 540 647 658 Interacting Shell Model
[ean value 1.34 4.55  4.02  3.78 5.57 6.12 ISM-StMa. ISM-CM
variance 0.81 1.20 0.91 2.49 0.58 1.78 ( S St a, S C U)
ga sre MDY = small NMEs
116(1(] 1248“ 1‘28”[‘(‘ lBOT(, 136X(‘ 150N(]
ISM-CMU 1.27  Argonne 2.00 1.79 1.63 . .
CD-Bonn 2.15 193 1.76 Phase Approximation
IBM 1.27  Argonne  3.10 3.19 410  3.70 3.05 2.67 (QRP A-TBC QRP A - Jy
QRPA-TBC 1.27 Argonne 4.04 256 456 3.89  2.18 ? ’
CD-Bonn  4.34 2.91 5.08 4.37 2.46 337 dQRPQ'NC)
dQRPA-NC 25  without 237 1.55 2.71
PHFB .27 Argonne 3.90 3.81 2.58
CD-Bonn 408  3.98 2.68 Interacting Boson Model
NREDF 1.25 UCOM 4.72 4.81 4.11 5.13 4.20 | P |
) 1.25  without 092 4.33 4.98 4.32 5.60 (IBM)
Mean value 434 307 434 342 259 3.01 = Close to QRPA results

variance 0.79 1.01 0.23 1.67 1.10 1.34




Ov[33 NMEs -status 2016
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OvBp —half lives for NH and IH with included undertainties in NMEe

10! | unquenched g,
10°°
29
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> 10%
> d
= - 27
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2% ] IH
10 =
3 amla
25 ] GERDA
1073 CUORF
. NEMOB ‘ v
10 ¥ - —
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1.4 meV < mps < 3.6 meV Lightest v-mass equal to zero 20 meV < mg; < 49 meV



Could multiple Ovpf3 measurements be helpful to extract mgg?

Problem:
Uncertainties

in NME from
different

nuclei are highly
correlated.

Calculations:
varying method
(QRPA, RQRPA),
the value g,

(1.0 and 1.25),

the treatment of src
(Jastr. and UCOM),
the size of model
space (3 choices)

Faessler, Fogli, Lisi, Rodin, Rotunno, F.S.,
PRD 79, 053001 (2009)

One standard deviation ellipses
in the matrix element error

Correlations among NMEs
are as important as their size.
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Is this expression (1" )—1 _
accurate enough? "

M,

The Ovpp-decay with emission of electrons in p,,, wave state
D. Stefanik, R. Dvornicky, F.S., Nuclear Theory 33 (2014) 115

Qllr.-'j(r?}}_ S) ~ ?-;}51,!2 (rg p S) + t-‘ijplfi (:['1 p? I ) — (E Exact l'elatiV.
. o electron w.f.
g-1(5,7)Xs L g+ler) @ 7 P)xs )
fri(e,r) (0 -P) Xs —if 1(e,T 'ﬂl )

Higher order terms
(p , ) ) of nucleon current

On - — ] .
x | gack — gy DF — gp (Pf% — 'Pnk) 5 with nucleon recoil
MmN (odd parity operators)
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Ovpp-decay rate {Tﬂvﬁﬁ} -t Imap
with p,,, electrons

(2 additional NMEs
and S phase-space

factors) 1

IGM 107"y

1/2 .
/ m?2

+ 2Re

B—u [=s5
B—N [=5r
B—8 =171

—u[=sp

2
| g4 (2Re {M,M*} G,

Grr |

—ul=rp

bt

48
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|7+ G

: 2
M[P)

Calculated phase-space
factor for OvpPp-decay
with emission of s, and p,,,
electrons
(mgz mechanism)

Effect of p,,, wave is below 10%

Some kinematical factor
large but corresponding

NMEs are small.
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4=(1.269=2.6 Quenching of g, (fromexp.: T;,° up 2.5 x larger)

(g, )*_ 1.0 Strength of GT trans. (approx. given by Ikeda sum rule =3(N-Z))

°5Gey =
Sg~—Sg" = 3(N-Z) =36

| 1 =)
~ Virtual ~\_/<4) transition
| [re— (1) e—

3
a)
/a4

o
» 1)
=

s +
— ()

7668 \2\"33\ _r 0"
76p¢ 76ge
Pauli blocking

@< O) s

has to be quenched to reproduce experiment

25:IIII\IIII|I\IIIIIII|IIIIIIIII|IIIIIII\I|IIII\IIII|I\IIIIII\|IIIII\III|II\IIIIII|IIIIIIIIII\IIIIII\
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- exp. via (p.n) reaction
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Cross-section for charge exchange reaction:

[ ] = [_n%]z%f'\'d IVor|2 |<f 1 OT1i>|?

qg=0! ! '

M_ﬁ
largest at 100 - 200 MeV/A



Quenching of g, (from theory: T,,,°% up 50 x larger)
g 0T ga 112

(g, )* =~ 0.66 (“*Ca), 0.66 ("°Ge), 0.30 ("5Se), 0.20 (*°Te) and 0.11 (**Xe)

The Interacting Shell Model (ISM), which describes qualitatively well energy
spectra, does reproduce experimental values of M2V only by consideration
of significant quenching of the Gamow-Teller operator, typically by

0.45 to 70%.

(g°ff, ) =~ (1.269 A018)4 = (0.063 (The Interacting Boson Model). This is an
incredible result. The quenching of the axial-vector coupling within the IBM-2
J. Barea, J. Kotila, F. Iachello, PRC 87, 014315 (2013).

is more like 60%o.

It has been determined by
theoretical prediction for
the 2vpp-decay half-lives,
which were based on within
closure approximation
calculated corresponding
NMEs, with the measured
half-lives.

12 O from experimental T, (ISM) O g, =1.2547012 ;
/A from experimental t;, (IBM-2 g“T\/SSD) ®g,=1254"%1% -
1.0F
| O—————H
0.8F B O‘RB
o 0-6f [ § oo\ o
" R
().4? ' ‘
Ca Ge Se Zr Mo Cd Te Xe Nd
0.2
dedor Simkovie . . . - - ' N
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Faessler, Fogli, Lisi, Rodin, Rotunno, F. S, J. Phys. G 35, 075104 (2008).

(g¢f', )* = 0.30 and 0.50 for 1Mo and '¢Cd, respectively (The QRPA prediction).
geif was treated as a completely free parameter alongside g,p (used to renormalize
particl-particle interaction) by performing calculations within the QRPA and
RQRPA. It was found that a least-squares fit of g, and g, where possible,

to the B-decay rate and B+/EC rate of the J = 17 ground state in the intermediate
nuclei involved in double-beta decay in addition to the 2vfp rates of the initial
nuclei, leads to an effective g¢if, of about 0.7 or 0.8.

ga

Qa

(9per 9a) allowed regions
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=i IHI|\II

%116Cd

=N IJJII\II L1 \IIIHIiIJI\Ji

l\gua =

0 0.2 0.4 0.6 0.8

Iee

1

log ft(EC) = 4.40 + 0.24

log ft(B~) = 4.60 + 0.01
109Mo

t2Y) = (7.1 + 0.4) x 10'8y 100
1/2 \ 44Ru

Extended calculation also for neighbour
isotopes performed by

E.F. Depisch and J. Suhonen, arXiv:1606.02908[nucl-th]

0gs

0gs

Dependence of g*ff, on A
was not established.

r Simkovic



Quenching of g, and two-body currents
Menendez, Gazit, Schwenk, PRL 107 (2011) 062501; MEDEX13 contribution

2 P

2
1 |
“3 4m32 +;32 1P }< (2c4—c3)+ (yn)} ‘ @' &

The OvBP operator calculated within effective field theory. Corrections appear as
2-body current predicted by EFT. The 2-body current contributions are related
to the quenching of Gamow-Teller transitions found in nuclear structure calc.

P
Jeab = —gA0;T; F

X Q Q R

R
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Quenching of g, , two-body currents and QRPA

(Suppression of the Ovfgp-decay NME of about 20%)
Engel, Vogel, Faessler, F.S., PRC 89 (2014) 064308

7 - | | | | [ | -

- 00 © 1bc (Argonne) S

6F o °no O Ibc (CD-Bonn) 3

g H #— 2bc (Argonne) 3

55 = 4 m—= 2bc (CD-Bonn) -
T om -

2 o g o
2 3 ;_ PR, _;
5 oo 3

2 LI

LE =

0 g | | | | | | | | | | g

96 100 110 136

Bca Ge ¥se Pz Mo "pa'%ca **sn POTe POxe

But, a strong suppression of 2vpp-decay half-life, (g, = g,8(p=0) = 0.7-1.0)



The DBD Nuclear Matrix Elements
and the SU(4) symmetry

D. Stefanik, F.S., A. Faessler, PRC 91, 064311 (2015)

Suppression of the Two Neutrino Double Beta Decay by Nuclear Structure Effects
P. Vogel, M.R. Zirnbauer, PRL (1986) 3148

O. Civitarese, A. Faessler, T. Tomoda,
PLB 194 (1987) 11

E. Bender, K. Muto, H.V. Klapdor, °0
PLB 208 (1988) 53 4.0
.~ 20

ECJ‘
The isospin is known to be a 0
good approximation in nuclei 2o

In heavy nuclei the SU(4) symmetry _a0L-" |

3 1 I ! | | L l
is strongly broken o 0.4 0.8 2 6 50
by the spin-orbit splitting. q'PP/gPo"
9/10/2016 Fedor Simkovic 19

What is beyond this behavior? Is it an artifact of the QRPA?
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Conserves SU(4) symmetry

s.p. mean-field

AL (0. M)A 1 (0. M7) + Y Al ((Ms.0)Ay0()

Ms=-1,0,1

+gpn Y By Eay
a.b

Hp
+ (Gpair — 970 S0 AlG(Ms,0)416(Ms,0) + (gpair — g7=1) A5 1(0,0)40,4(0,0).  Hy violates SU(4)
Ms=—1,0,1 . symmetry

v

Hj

goair- Strength of isovector like nucleon pairing (L=0, S=0, T=1, M;=+1)
g, -strength of isovector spin-0 pairing (L=0, S=0, T=1, M;=0
g,  -strength of isoscalar spin-1 pairing (L=0, S=1, T=0)
€on strength of particle-hole force

48 Ipair — QT 1
Mg and Mg do not depend onthe  J/2” = — ( P PP )

mean-field part of H and are (OYpair + '3913?1) (10gpair + 69pn)
governed by a weak violation
fth by th 144y /5 (Ipair — 9pp )
of the SU(4) symmetry by the 1 IQV _ 5 Ipair — 9pp
particle-particle interaction of H 5Gpair + 9ok | (10Gpair + 200,1)
4 Qgph (gpaéﬁ ggp 1)
9/10/2016 (10gpair + 20gpn) (10gpair + 6gpn)
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The 0vfB-decay mechanisms with
light and heavy neutrinos
(V-A Interaction)

Fedor Simkovic
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Left-handed neutrinos: Majorana neutrino mass eigenstate N
with arbitrary mass my

Faessler, Gonzales, Kovalenko, F. S., PRD 90 (2014) 096010] \ — Z U_"'-.-'m_- Vg
=56, 0,T
2
| 1;3]_ g A (Ufwmx) mp M (mx, g3
General case N
v ot O eff 1 R 3 3 3 N O eff _ 1 N 0w _eff
_1_{ (Ii'jrj_:\-:I gﬂ ) m . 2 gz /d T d yd P M (Hi‘j\' — U}g!ﬁk ) = o fl,-fu (9% )
[l p'tte
+| 7t f( +
Xeip.(x_}r) <DI-"|J# ( )|n> <n|Jp y)|01> . _ iwl«'ff{]y(ﬂi_\; N Dﬂ;giﬁ) _ 1 1LIIDU(9A )
V2 + ma (VP + ma? + B, — H5EE) ' my
Particular cases
7 fg]_l = " gy x (m,) = Z 2 my
L 2 [ 2
‘% ! (Q’AH)‘ for my < pr < 1 > = UX
2 A _
(o )“”113‘ ‘wﬂp(giﬁ)‘ for mx > pr mj\ v

9/10/2016 Fedor Simkovic 22



T

2
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30

Averaged neutrino momentum calculated from NMEs
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Exclusion plot
in |U|*> — my plane

~

10-_ I IlIIlIlI I IIIIIIII I Illlllll I UL LB I T T TT1TTH

10-3 Other searches
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Improvements: i) QRPA (constrained Hamiltonian by 2v[33 half-life,
self-consistent treatment of src, restoration of isospin symmetry ...),
ii) More stringent limits on the 0v33 half-life



B—8 OQRPA-Bonn
O——E& QRPA-Argonne
B—8 ISM-Bonn
O—H& ISM-Argonne

B—a IBEM-Argonne

B—H# PHFB-Bonn
3—H& PHEE-Argonne

Heavy v: Ovp[3 NME:s -status 2016

9/10/2016
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Multipole decomposition of NMEs normalized to unity
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NME for Light v (x100) and Heavy v exchange

Only positive signs: 600 (- -
There is a correlation ‘ 4] Arg CDB
i a0
of .errors, . _ H o i, 5 g, =08
It is practically not ; . aoo L
possible to distinguish Te | . : ° o 9a=1.0
both mechanisms o _
. A g, = 1.27
even observating 100 | .
the Ovpp-decay for i
3 nuclei 60—
600 T T T T 1 T
136y o . Ai ; _f‘
- ﬂf -
100 | ) 1L ¢ _
I ] 1 [ L) ]
60 I L1 | I I | ! !
60 100 75 600 100 30 600

E. Lisi, A. Rotunno, F. S., PRD 92, 093004 (2015)



The 0vpp-decay with right-handed currents

revisited (exchange of light neutrinos)
D. Stefanik, R. Dvornicky, F.S., P. Vogel, PRC 92, 055502 (2015)

9/10/2016 Fedor Simkovic
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Left-right symmetric =
models SO(10) d
d >
Wy _ cos(  sin( W, _
Wy ) T\ =sin¢ cos¢ ) \wy ‘L
\ <\>
Vel, = Z ([/'Tejf}jL + Sej(JNTjR)C) eE
Jj=1
3 d >
ver = (T5(50) +VEiNR)  pogord
u

i=1

SN

SRR



3x3 block matrices Zhi-zhong Xing, Phys. Rev. D 85, 013008 (2012)
U,S, T,V are

generalization of PMNS matrix  Bgasis 6x6 neutrino mass matrix

z M;, M
U S v\ O T M = ( L D)
U = (T V) (ULa(i\R) ) f',-fg Mp
15 angles, 10+5 phases
Decomposition y - (L0 AR Vo O
L0 Uy S B 0 1
Type seesaw I Approximation
A~1,B~1R~-—P 1 g~ "D 4 Uy ~ Vi
MLNv miENv
LNV parameters
- _ 2 2 3 3 2 .2
(\) =~ (M, /My,)* ﬂ:nﬂ : €] €l = |323C12C135213;C120213 — €13C23C12513
mp LNV —c1a¢13 (€13512 + 813) |
(n) =~ —tang; €l ~ (.82
MLNV

9/10/2016 Fedor Simkovic 31



The 0vpBB-decay rate with right-handed currents

~1  pov i 5 Imas| 2 Two additioanal

[Tl /2} =159 — 94 |Mar|” § Crum (—m - ) phase-space factor Gy, and Gy,
m m

+0r71A ‘ = '3‘ < > %/)1 s u C?"n'r] ‘ ﬁ@‘ <77> COS L/JQ

Me i, | The induced pseudoscalar term

5 5 included
+ Cax (A7 + Oy ()™ + Oy (A) (m) cos (Y1 — ¢2)
(A) = Al ZUejL'rej(Q{f/QV)‘r Cinm = (1 — XF T XT)QG(HT
! Cmx = —(1 = xr +x7) [X2-Go3z — X1+ Goal ,
() = nlY_ UesVijl. Cry = (L=XF+Xx7)
J

X [X2+Gos — X1—Gos — xPGos + xrGos)

Py = m‘g,[{z'm.jbgj}{zL-eﬂ'ej(gv/g‘ Chy = X%_G02+§X%+G011 — §X1+X2—G01O;
j j
/ / 1 2
_ 2 2 2
by = arg {3 m U NI U vy O = X Gor ¥ gxi-Gou = gxa-xa+Goto + XpGos
— xpXrGor + x£Goo,
1
Crny = —2[x2-x2+Goz2 — 3 (X1+X2+ + X2—X1-) Go1o
9/10/2016 1
+ —x1+Xx1-Go11]. (37)

9



Phase-space factors for °°Nd ~ W(c,r) = TG (e, r) + UPr2) (¢ p)

The exact Dirac wave functions with finite nuclear size corrections, which are
taken into account in by a uniform charge distribution in a sphere of nucleus, and
the screening of atomic electrons

].8: | | | | | | | | | | | E
16E ¥ Previous v BS0a E
= 4 with exact electron w.1. -
—'|$—1 12 v E
= 0=
— = E
-] = v 3
O 38F . - A =
a, SN v ¥ e
< 6F =
— E . e
4 v =
= A v v ]
2E I a 4 X =
(:)i 1 1 1 1 1 1 1 1 1 1 1 =
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Simplified expressions for T,,% for <n> and <A> mech.
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Current constraints on the effective neutrino mass and
effective right-handed current parameters

‘TBGE ISBXE
w.f. A D A D
QRPA
imggl| [eV] 0.321 0.333 0.285 0.315
imgg| [eV] (for (n) = (n) =0) 0.271 0.284 0.251 0.285
(n) x 1077 3.093 3.239 2.077 2.337
(A) x 1077 4.943 5.163 3.822 4.370
ISM
Imgag| [eV] 0.515 0.535 0.222 0.245
impgg| [eV] (for (n) = (n) =0) 0.436 0.458 0.193 0.220
(n) x 1077 6.370 6.760 2.975 3.291
(A) x 1077 8.462 8.841 3.000 3.378
76 (1 TP:;IQ > 3.0x1 025 ISM rli; \cqﬁﬁ?% rilgx;f:(l?g &;.)Poves and J. Retamosa, Phys.

136 Tf}f’g > 3.4 x 10°°>  QRPK. Muto, E. Bender and H.V. Klapdor, Z. Phys. A 334,
187 (1989)
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Mgag 1 3
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The OvpB-decay with right-handed currents

revisited (exchange of heavy neutrinos)
J.D.Vergados, H. Ejiri, , F.S., submitted

(ThG™94)
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Two non-interfering mechanisms of the 0vfBf-decay
(light LH and heavy RH neutrino exchange)

Half-life:
1 . .
~ 2 O 92 I Ow 2
T(I;r TI];;[’F Z\J — |T?If"| |1f; j.f| LV Ii,ﬂ."-
/2,1 i W50
Set of equations:
1 _ '[]L-' 2 1-{;[}”
?](WJ l V| _+ hIH| |
-J- —_— 1
’}!‘2(':2 _ < 2
Solutions:
o MEE/TG = MR TGy
T T M = MM
il MY TGy — | MY, 12 TG
& MY 2| MY |2 — [ M 2 MY )
9/10/2016 Fedor & A.
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Faessler, A. Meroni, S.T. Petcov, F. S., J.D. Vergados,
Phys. Rev. D 83, 113003 (2011); JHEP 1302, 025 (2013)



Two non-interfering mechanisms of the 0vfBf-decay
(light LH and heavy RH neutrlno exchange)

The positivity condition:
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Nuclear medium effect on the light neutrino mass exchange
mechanism of the 0vBf decay

S.G. Kovalenko, M.I. Krivoruchenko, F. S., Phys. Rev. Lett. 112 (2014) 142503

A novel effect in OvBp decay related with the fact, that its
underlying mechanisms take place in the nuclear matter
environment:

+ Low energy 4-fermion AL = 0 Lagrangian

+ In-medium Majorana mass of neutrino

+ 0OvBp constraints on the universal scalar couplings

Non-standard
v—int. discussed
e.g., in the context
of v—osc. at Sun

d

\I
| nuclear
| matter

Psun ~— 1.4 g/cm3
e~ Prarth = 3.5 g/em’
\\11 e pnucleus= 2.3 1014 g/ cm3

d



Non-standard interactions might be easily detected in nucleus
rather than in vacuum

Low energy 4-fermion

- AL # 0 Lagrangian
90, O NN O,
: Z Z(QOAQ)(VO' V),
q > m, >M,,.
Ovpp-decay
oscillation experiments density — q
tritium B-decay, cosmology
4

zvac — % zr‘jiedlum — %+



Classification of the vertices gO, and gO’,

r I —~_ . ey 1 ) ’ 6
freew — 7 vity" My — = E Vs . _JIX = a Ta
reer Ty Z s Hpa g ~ Lo = —4qq gij']ij
i 1 m —
a=1 1ij

In nuclei, mean fields are created by scalar and vector currents (c, o).
Vector currents do not flip the spin of neutrinos
and do not contribute to the Ovpf decay.

Symmetric and antisymmetric scalar neutrino currents J?;

S a S a A

vivy | 3| 0u(Divsy vy) | 5| Ou(@iy'v;)

— o & li -<;_> ] —C IJ -{T>
vitysv; | 4| vy (),u.yj 6 | ;5" 1 J uV;j

N = || &

g?; are real symmetric for a =1,2,3,4 and imaginary antisymmetric
for a = 5,6. In the limit of R = o, the currents a = 3,5 vanish.



Mean field: 99 —>(79)  and (74)~05(q"q) ~0.25fm™

8y = A comparison with Gg:
The effect depends on (7)= —?(qcﬁ
v

8,81 _Gr .
. _ G, ,_ m, N2
Typical scale:  (y)g" = —T;(q@g; ~-25¢] eV
. 2, |5
We expect: 2560 <1—>m’ >25 S8 1 TeV?
F

g, =082, £,50¢

Universal scalar interaction ijSa ij ij“a

/

In medium
effective
Majorana v mass
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Complementarity between (-decay, Ovpp —decay
and cosmological measurements might be spoiled
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Instead of Conclusions

We are at the beginning of the Road...

The observation will prove Majorana nature of neutrinos.

The spectrum of neutrino masses might remain undetermined.

9/10/2016 Fedor Simkovic
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