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Global fit analysis of neutrino oscillation data
F. Capozzi, G.L. Fogli, E. Lisi, A. Marrone, D. Montanino, A. Palazzo 1312.2878 (2013).

Parameter Best fit lo range
dm?/10~° eVZ (NH or IH) 7.54 7.32 - 7.80

sin 012 /10~ (NH or IH) 3.08 2.91 - 3.25

Am? /1073 eVZ (NH) 2.44 2.38-252

Am? /1073 eV2 (IH) 2.40 2.33 - 2.47

sinZ 013/10~2 (NH) 2.34 2.16 — 256

sin 613/10~2 (IH) 2.39 2.18 — 2.60

sin? 023/10~ T (NH) 4.25 3.98 — 4.54

sin2 023/10~1 (IH) 4.37 4.08 - 4.96 ® 5.31 — 6.10
5/m (NH) 1.39 112-1.72

§/m (IH) 1.35 0.96 — 1.59

o Majorana or Dirac? ’ ’ D —— mé

o Absolute values of neutrino masses

o Hierarchy (normal m; < my < m3 or
inverted m3 < my < mp) 3 e —

m? — V3 —— m3

o CP-phases: §, a31 and ao1
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Majorana nature — BB0v : (A, Z) = (A, Z+2)+2e

o Process forbidden in the SM
o Lepton number is not conserved AL = +2

o Possible if neutrinos are Majorana type

BP0y experiments:

Important bounds already obtained by IGEX (“®Ge), CUORICINO
(**°Te), NEMO3 (*°°Mo) and H-Moscow experiment (“6Ge); fu-
ture experiments with sensitivity of [<m>| ~ (0.01 — 0.05) eV:
GERDA (7®Ge), CUORE (*3°Te), EXO (*3®Xe), KamLAND-Zen
(*3*¢Xe), SNO+ (**°Nd), and many others...

T(7%Ge) > 3.0 x 10%5yr at 90% C.L.
[GERDA+HdM+IGEX] ArXiv 1307.4720

René Magritte, Portrait of
Edward James.
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BB0v-Decay contribution comes from the standard £¢¢(V — A) weak interaction

Trl(&vaver)(ELvsver)] o 3oy Ekmi(Uek)?

o One can define a LNV parameter 1, = sm>
me
V—A > light 5
PMNS .
ug B <m>= Z (Uej ) mj| , (all light m; >0),
1% e j
@y o U is CP-violating, in general:
XL
(Ug)? = |UgjPe™, j=1,2,3
-
w-= az1, a31 - Majorana CPV phases.
V_a > o the leptonic chiral structure is S+ PS:

M x <m>[&(1+ ’ys)ec]AgEurrent
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Standard 380v-decay amplitude is function of the effective Majorana mass parameter

light
<m>] = SR,
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with other sources data unique
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From the recent Planck data:
¥ m; < 0.66 eV at 95% C.L. (Planck + WP)

¥ m; < 0.23€éV at 95% C.L. (Planck + WP + BAO)

0.500F .
Gerda+|GEX +HdM ‘ ;
' D
0.100f ! . .

_Z o Planck: assuming 3 species of
< 0.050¢ ] degenerate massive neutrinos
2 > and a ACDM model
E ool o | o EUCLID — ~ 0.01 eV level of

' '3 precision on the sum of the
0.005f i | < neutrino masses
't kb
% g
R T
0.001¢ My e .
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|[<m>| scales like 1/T{’/”2

0.1 o mega-experiments for
ov 27
T 2 ™ 1047 yrs
o ultimate-experiments for

Tf72 ~ 1029 yrs

0.01:

0.001}
\ Ultimate Exp.
10-4L : ‘ :
104 0.001 0.01 0.1
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Which are the other possible testable scenarios

in the next generations of 830v-decay experiments?

o In the 3 Majorana neutrino framework the 350v-decay amplitude can well be zero in
the NH case due to internal cancellations operated by the two Majorana phases and by
uncertainty in the oscilaltion parameters. This behavior is not present in the IH case
Bilenky + Pascoli + Petcov (2001), Hirsch (2011), ...

o What if some of the light active neutrinos are Dirac particles? In this case infact It does
not participate in the amplitude of the 330v-decay! (it is not possible to Wick-contract
the neutrino field operator in order to obtain a neutrino propagator).

Valle + Many authors about pseudo-Dirac neutrinos ...

o What if an extra sterile neutrino with 1eV-mass exists ? In the simplest 3+1 scheme the
predictions for |< m>| can be deeply modified
Barry + Rodejohann + Zhang (2011), Girardi + AM + Petcov (2013), Li (2011)

I will show some examples based on
Girardi + AM + Petcov (2013)
AM + Peinado (2014)
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Testable Scenarios?

1) Pseudo-Dirac vs

Aurora Meroni The Majorana nature and possible new physics



Particular attention to the case of NH (where can have cancellation in the ususal 3v scenario)

|<m>\ = m1‘U91|2+m2|U92|26i>\21+m3|Ue3‘2&‘i)\31

IGEX.+HAM +GERDA IGEX+HiM +GERDA
03 01 01
oot .
NH / g =
§ 3 : H
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Particular attention to the case of NH (where can have cancellation in the ususal 3v scenario)

2 2 idas 2 i3
|[<m>| = |m1|Ue1|* + ma |Ue2|? €72 + m3|Ues|e
o - oM -GERDA 6B M -GEROA
>
z
i
s 1| i
i H :
0.10 0.15 0.20 025 030 & 0.05 0.10 0.15 0.20 025 030
Sm,,(eV) Sm,,(eV)
usog osg
e |GEX +HdM+GERDA IGEX +H{IM+GERDA
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Testable Scenarios?

2) Sterile vs
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2
Amg4L
. . 21 - ¢
Py (=) =SaB - 4|Upna |2 (Aaﬂ = \um\z).mz (745 ) , sin2 20, = 4|Ueq |2|Upq |2
)

(=)

Q The(;L —>(;; appearance data searches
LSND (3.80), MiniBooNE (E, > 475MeV),
KARMEN,NOMAD,ICARUS, OPERA, ...

Q The(ljl disappearance data: the so called Gallium

i 1 1 anomalies: GALLEX and SAGE (2.9 o).
£
Q The(;; disappearance exps (reactors re-evaluation of
flux): Bugey-3, Bugey-4, Goessgen, Krasnoyarsk,
Rovno, ILL, Chooz, Palo Verde
o e 1;4 Q (;L disappearance data by CDHSW, from analysis of
$in200, atmospheric neutrino oscillation experiments,
MINOS(NC) data, SciBooNE-MiniBooNE neutrino and
sin? 2014 AmZy oV antineutrino data.
global v, disapp. 0.09 1.78
sinf1a AmZ, eV
global data 0.15 0.93
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Majorana Nature as a hint of New Physics:
The case of 830v-decay and sterile neutrinos

The contribution of the additional light Majorana neutrinos v4 or v4 5 to the neutrinoless
double beta (880v-) decay amplitude, and thus to the 830v-decay effective Majorana mass
|<m>| can change drastically the predictions for |[<m>| obtained in the reference
3-flavour neutrino mixing scheme, |< m>(3Y)|

2
31(2
available neutrino oscillation data, two types of neutrino mass spectrum are possible:

o The 341 Scheme:

o Depending on the sign of Am: ) which cannot be determined from the presently

U = 024023014 Vi3 V12 diag(l, /2 P2, e/‘w/2)7
o The 342 Scheme:
U = Va5 O34 Vas Vaa O23 O15 O1a Vi3 Via diag(L, /2, eP/2 /2 /)

where Oj; and Vj; are real and complex rotations in the i — j plane.
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sin2 2014 Amfl eV

SBL rates only 0.13 0.44
SBL incl. Bugey3 spectr. 0.10 1.75
SBL + Gallium 0.11 1.80
SBL + LBL 0.09 1.78
global ve disapp. 0.09 1.78
sin 014 Amﬁ1 Y%
global data 0.15 0.93

The best fit values of the oscillation parameters sin® 2014 and Am2, obtained in the 3 +1
scheme in ( ) using different data sets. The values in the last row are
obtained from the global fit of all available data in arXiv:1303.3011.

The masses of all neutrinos of interest for the present study satisfy m; < 1 MeV,
j=1,2,3,4
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l<m>|2=|a+e“b+ePc+ed].
The zeros of the first derivatives of |[<m>| 2 with respect to the phases o, 8 and v are
given by the following system of three equations:
—2b[asin(a) + csin(a — 8) + dsin(a —v)] = 0,
—2clasin(8) — bsin(a — B) + dsin(8 —v)] =0,
2d[—asin(vy) + bsin(a — v) + csin(8 —v)] = 0.

In order to solve this system we use the following parametrization:

2v 2t 2u

e S=irm  sm=

sina = = —
1+ u?

where, respectively, v = tan(a/2), t = tan(3/2), u = tan(y/2) with «, 8, v # 7 + 2kn. In
terms of the new variables the system in eq.(1) can be written as:

2b 2ct(1—v?) 2c(1—-t3)v 2du(1—-v?) 2d(1—u?)v

— a :07
14 v2 v t24+1 t2+1 u? +1 u?+1
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2 2 2 i« 2 2 2 g2 2 iy 2
|<m>| = |mich i3y + mae'®ci3ciysts + mae'’ cfysis + maesyy |,

The masses my 3 4 can be expressed in terms of the lightest neutrino mass my and the three
neutrino mass squared differences Am2; >0, Am2, >0 and Am2; > 0:

m1 = Mmin, mz2 = \/ min + Amzl’ m3 = \/ min + Am31 and myq = \/ min + Arn41

0.500F A 7
4 GERDA + IGEX + HdM T //
0.100F /7
- 0-050'—// /
3 =] s
£ s
2 — 0.010} {
Amyy [
0.005} -
3 E
2 &
2 A m31 Z
s 0001} X
1——————— Y Amd, 104 0001 001 1 1

Myin [€V]
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The Case of m; =0

<m>| = /A ety + \/Am P By, + /AR e,
For my = 0 and any values of the CPV phases (o — v, 8 — ) we have:
o |[<m>| >0.018eV if Am2, =0.93 eV?;

o |<m>| >0.027eV for AmZ, = 1.78 eV2. If instead of sin? 614 = 0.0223 we use
sin? 014 = 0.017 (0.047), we get [<m>| > 0.019 (0.059) eV

2nfy |<m>| [eV]
0.02479
3n
2
0.02345
=~
| n 0.02211
Q
0.02077
4
2
0.01943
0

(=1
1=
N
“l
o
N
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2 2 2 i« 2 2 2 g2 2 iy 2
|<m>| = |miccfscly + mae'®c3ciysis + mae'’ fysts + maesy, |

The masses my 2 4 can be expressed in terms of the lightest neutrino mass mp;, = ms and
the neutrino mass squared differences as follows:

. :\/mrznin +lAmS,| - Am3,, mp = Y M + 1AM, |, ma = Y Miin + A3, (1)

m3 =My, Am§1>07 Am§2<0, Am§3>0.

0.500F T 7
4 GERDA+IGEX+HdMT /// /
0.100} A
_00s0f— ———F
g /1
E |
2 = 0,010} ;
Am43 !
0.005} |
2 2 z:
1 Ams, E 3
2 0.001} X!
Amg, 104 0.001 0.01 0.1 1
3 v Moo (V]
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The effective Majorana mass in this case is
2 / 2 2 i
|< m>| = ‘ ‘Am§2| — Amgl (612613C14) + |Am§2| (C13C14512) e’ + Am§3 514_6”Y

(2)
Now only two phases enter into the expression of [<m>| : « and 7.
Both minima correspond to [<m>| = 0 independently of the value of Am2;. However, the
location of the minima on the oo — 7 plane depends on Am?;.

2r

|<m>| [eV]

0.0600
0.0500

w
]

0.0400
-0.0300
-0.0200
-0.0120
+0.0090
-0.0070
-0.0050

0.0035
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2 2 2 2 i« 2 2 2 2 B2 2 2 v 2 2 in .2
|[<m>| =|micici3ciscis+mae’® cizciycissi, +mse’’ cycissiz+mae’ sty +msesis

2
Amyg,

A
GERDA + IGEX + HdM T

0.100
0050

(m)l[eV

= 0.010
0.005

0.001

KATRIN

104 0001 001 01 1

Myin [€V]

2
Amg,
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Consider the scenario with one

Pseudo-Dirac neutrino + one sterile extra neutrino
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Consider the scenario with one

Pseudo-Dirac neutrino + one sterile extra neutrino
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Testable Scenarios?

3) AL = £2
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If 380v decay will be observed, the question will inevitably arise:

Which mechanism is triggering the decay?
How many mechanisms are involved?

[T = G%(E, 2)| Tyt M2

r],-LNV <= mechanism type i

LNV
i

(4]

©

n can be real or complex.
GO (E, Z) is the phase space factor

M?” is the nuclear matrix element (NME)

©

©

o These mechanisms might trigger 830v-decay individually or together and can
interfere or not.

BB0v decay is allowed by a wide range of models: from the standard mechanism of light
Majorana neutrino exchange, Left-Right Symmetry or R-parity violating Supersymmetry
(SUSY)...
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3 RH Ng ~ (1,0) Ni with masses My > 10
GeV i.e. M, > 100 MeV (typical energy e no

scale of the 380v-decay)

_ . 1—
Lyim=—(Yo)u(lLH)jNig — E(N/R)C(/V’N)w Nyg+ h.c.

VoA

II'*§ e V-A coupling: The LNV parameter is:
—)—
Nier Y L heavy ;12 Mp
= 2k UskV’
k
€
H"g
> mp= proton mass,
= =P

Uek is the mixing matrix due to V — A coupling.

nylE(L +7s)ec]
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V+A coupling in the CC current
SU(2)L ® SU(2)r

Luweak O (Eva(l + WS)VeR)Wu_R

V+A
" ; where veg = Y-, Ve Nkr, CN] = N,
R e
> The LNV parameter is:
NerY

My )4 h m
R _ Eavy4 2 P
E—>—7 N = ( > 1% .
Wi € o Mwr ks &l My

VA
M, 2 2.5TeV.
*
Here Vi is the mixing matrix by which N, couple to the
nk electron in the (V + A) charged lepton current.
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The LNV X-couplings is given by in the R-parity breaking part of the superpotential:

L, =M (G JL)(_ej‘;') dr + (& DeL)dR(7ﬁ§*> + (4L JL)dR(_ég*L) + h.c.
e L e

Assuming the dominance of the gluino exchange the LNV parameter is:

’
2 2]
mas Ay &
I ~ 1 Qs 47
mg mf s
dp M er
i m dp M er
! dp T T
a Y —— - - |
1 ur dn i Y
’ er 1 uy,
g P —
ur,
ur, ur, g -
X dp dp
dn g, f — 1 _»_ A ——->- 0\,
g I dr dp
€L
Ay er er
*
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u o The mixing between the scalar superpartners §; r of the

d left and right handed quarks q; g plays a crucial role.
d—>—------ ’
o o The squark-gluino mechanisms is due to the
\% non-diagonality of the squark mass matrix.
e ° E’.L and 5;5» are superpositions of mass eigenstates with a
W given mxing angle 9&)

u

MG~ 2k

A

’ ’

11k 1k1 Sln(29d))
Mk

ng # 0 if m; of light neutrinos is zero but it is zero if 9&) =0
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o Case of two Non Interfering Machanisms

v v - ov ov
(T3, G (E, 2]~ = I P(M'7%)? + Il (M7 )%

o Case of two Interfering Mechanisms

i N

(79GP (E, )] 7" = [mu [P(M'2)? + Inas P(M'D50)2 + 2 cos aM' 25, MY I |
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Multiple mechanisms: Two Not interfering mechanisms Analysis

Example

[ /2] 1 GOV(E Z)|ZnLNVMOV

V-_A V4+A
w- e Wr ; e
— —_—
i Y NerY
W*; < Wr .
T VA
Figure: * Figure: *
amplitude amplitude o
o [E(1 + 75 )ec] Myl — 7s)ec]
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light LH and heavy RH Majorana neutrino exchanges — |1, | and |ng|

1
o = IMPIMELLE + el Mg,
1
g = IMPIMELE + el IM g

|nv|?, |nr|? < 0 are unphysical. Positive solutions for |n,|? and |ng|? (A1 < Aa) if:

T1G1 MY 2 T1Gy|M'Y", |2
— o SRS — 5
Ga|M'9¥y |2 Ga|M'§Y, |2

If one of the two solutions is zero then only one mechanism is active.
Using the values “"CD-Bonn, large, g4 = 1.25", we get the positivity conditions:

TOl/ (IOOMO) TOU (130 Te)
015 < 22— T <018 L017< " <ox
T, ("6 Ge) 77, (76 Ge)

Very narrow intervals!
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B60v Decay Experiments: Constraints on isotopes half-lives:

° H. V. Klapdor-Kleingrothaus and I. V. Krivosheina,
Mod. Phys. Lett. A 21 (2006) 1547
Tf;’z(?ﬁce) > 1.9 x 10%°y Heidelberg-Moscow, Eur.Phys.J. A12 (2001) 147-154

©

©

T{’/Vz(mo/\/lo) > 5.8 x 1023y [NEMO], arXiv:0807.2336 [nucl-ex|.

©

T9,(130 Te) > 3.0 x 102y [CUORICINO], Phys. Rev. C 78, 035502 (2008).
° [EXO-200] ArXiv 1205.5608

T(76Ge) > 2.1 x 10%°yr at 90% C.L. [GERDA]
T(76Ge) > 3.0 x 10%5yr at 90% C.L. [GERDA+HdM-+IGEX] ArXiv 1307.4720

©

©

From Tritium S decay:
o Troitzk and Mainz experiments = |[<m>| < 2.3 €V at 95% C.L.

o KATRIN experiment < sensitivity of |[<m>| ~ 0.20 eV, = it will probe the region of
the QD spectrum.
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Ge (T1,=2.23x10%) and ®Mo

5Ge(Tyyp= 2.23x10%) and *°Te

10 10

1] 1]
) % 1
~ — =
o107 X107 RIN
= =
% 1072 109
3 =
= =

._.
Q
5

._.
3
S

1074

H
]
L

33x10% 3.6%10% 39x10%

% 3.7x10% 41x10% 45%10% 49%10%
T12(®Mo) [y]

T1(%Te) [yl

The values of the rescaled parameters |1,|2 (solid line) and |ng|? (dashed lined), for
Tlo/”z(76 Ge) and i) T{’;’z(looMo) and ii) T{’/”Q(100 Te) lying in a specific interval. The
physical (positive) solutions are delimited by the two vertical lines. The horizontal dashed
line corresponds to the prospective upper limit from the upcoming 3H S-decay experiment
KATRIN.
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10T (T1/,=3x10?%) and 1®Mo

10,

I']RIZX 1016v|’7v|2’(1012

10—4 " L
2.4x10% 2.5x% 10% 2.6x10%
T(*®Mo) [y]

*

The values of the rescaled parameters |1, |2 (solid line) and |ng|? (dashed lined). The
physical (positive) solutions are delimited by the two vertical lines. The gray region is an
excluded due to the lower bound on T9%, (76 Ge).
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6Ge (Tyz=2.23x10%) and Mo "6Ge (T1,=2.23x10%%) and “Mo

1074 - - 1074 - —
3ax107 | 86x10%  39xL 33107 26x107 30x 1
Ty M) [yl Ty *Mo) [yl

Ge (T1,=2.23x10%) and Mo Ge (T12=2.23x10%) and ‘Mo

33x10°  86x10°  39x10% g 3ax10°  86x107  39x10%
Ti(®Mo) [y] Ty(®Mo) [y]

CD-Bonn (solid lines) and

i) CD-Bonn potential, g4 = 1.25 (solid lines) and g4 = 1 (dashed lines) (upper left panel)

Argonne (dashed lines) potentials with g4, = 1.25 (upper right panel); CD-Bonn (solid lines) and Argonne (dashed lines)

potentials with g4 = 1.0 (lower left panel); iv) Argonne potential with g4 = 1.25 (solid lines) and g4 = 1 (dashed lines)

(lower right panel).
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o If the T‘1’72 of one of the three nuclei 7°Ge, 19°Mo or 139Te will be observed, the

positivity condition, i.e. [ntNY| > 0, constrains the other two to lie in specific intervals,
determined by the measured half-life and the relevant NMEs and phase-space factors.
This feature is common to all cases of two non-interfering mechanisms generating the
BB0v-decay.

o The indicated specific half-life intervals for the various isotopes, are stable with respect
to the change of the NMEs (Argonne or CD- Bonn Potentials and g4 = 1,1.25).

The intervals of T2/T1 depend on the type of the two non-interfering mechanisms.
However, the differences in the cases of the exchange of heavy Majorana neutrinos
coupled to (V+A) currents and i) light Majorana neutrino exchange, or ii) the gluino
exchange mechanism, are extremely small for the isotopes considered.

©

o if it will be possible to rule out one of these mechanisms as the cause of
BB0vdecay, most likely one will be able to rule out all three of them (the NMEs
are too similar).
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Important feature of the NMEs considered within the the Self-consistent Renormalized
Quasiparticle Random Phase Approximation (SRQRPA) Method: they differ relatively

little!:

|Min - jnl < Min: Mjm

IMianV,j,d

1w Rl 10721073
(0.5(Miy; + M'm))

’#J _76 Ge782 Se’lOO MO,130 Te

Aurora Meroni
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EXO Collaboration

Tf;’2(136><e) > 1.6 x 102y

8
6
|Mm_,\/lj,m| N].O_l
(0.5(Mj + M;,10)) S 4
-
P =76 Ge, j—136 xe = .
2
0

7GG€ BZSE 100,\/|0 lSOTe 136xe
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Positive solutions only if:

T1Gi | M) 2 < Gi M52
WMl o o 15V 1Al
Gz\/\/”gf'g\z G2| M7, 2

)

The inequality can be enforced if e.g T3 > Tpmin:

G /01/ 2
T2 2 71‘ /01/ |2
G2 [M'37B]

For example: T2/, (1*%Xe) = T1 > 1.6 x 10?°yr and TP, ("®Ge) = T,

we use standard v and RH Heavy N exchange:

Argonne Potential ga=1.25 (1.0) T{7("®Ge) > 3.03(2.95) 10*yr

Cd-Bonn Potential ga=1.25 (1.0)  T7/,("®Ge) > 2.08(1.9) 10*°yr
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5Ge (T1/,=2.23 10%) and ***Xe

"Ge (T1/,=2.23 10%) and ***Xe

10, 10,
E
3
o
g 3 q a
El //—;” El
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I
I
I
1073 . 1073
5.x 107 1.x10% 15x10% 5.x10%

T12(%Xe) [y]

The values of the rescaled parameters 477,,|2
To}“ ("®Ge) and Tf”z(BGXe) and fixing Tf”z(-’

panel) and Cd-Bonn (right panel) Potentlal are shown in the case of ga = 1.25 (thick lines) and
4 = 1 (thin lines).
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(solid Imes) and [nr|? (dashed Imes) using

=2.23 x 10%°

. The solutions using Argonne (left



Using the Argonne Potential to determine the NMEs with g4 = 1.25(1.0) one gets:

o standard light neutrino exchange and the heavy RH Majorana neutrino exchange:

T/»("°Ge)
1.90(1.85) < —2=——— <2.70(2.64)
TP/ (136 Xe)

o heavy right-handed Majorana neutrino exchange and the gluino exchange:
T/, (7 Ge)

2.70(2.64) < —L2 "~
7, (136 Xe)

< 2.78(2.67)

o squark-neutrino exchange mechanism and the RH Neutrino exchange:
T{’;’z(76 Ge)

7%, (136 Xe)

2.52(2.40) < < 2.70(2.64)
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to determine the NMEs with g4 = 1.25(1.0) one gets:

Using the
o standard light neutrino exchange and the heavy RH Majorana neutrino exchange:
TOv (76 Ge)
< e < 2.47(2.30)
T1/2( Xe)

o heavy right-handed Majorana neutrino exchange and the gluino exchange:
T/, (7 Ge)

< =L < 4.43(4.25)
7, (136 Xe)

o squark-neutrino exchange mechanism and the RH Neutrino exchange:
T{’;’z(76 Ge)

AT

< 2.95(2.81)
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|l]V|2X 1012,|7,,\v |2x 1015,|17R|2x 10'6

i) |n.|? and |ng|? (dot-dashed and dashed lines) and ii) |,/

Argonne Potential

' T1/2(7GGe) =510%y .
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|2

and |nr|? (solid and dotted

lines) The curves are obtained using the sets of NMEs calculated using the Argonne potential.
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Cd-Bonn Potential
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i) |7.|? and |ng|? (dot-dashed and dashed lines) and ii) |77,/|? and |n&|? (solid and dotted
lines) The curves are obtained using the sets of NMEs calculated using the Cd-Bonn potential.
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Example: light Majorana neutrino and gluino exchange mechanisms

[T9,,GP (E, 2)] 71 = I 2(M'2)2 + Ims [P(M25,)2 + 2 cos aM' D5, MY |l |

1/2,i
D1 D2 D3
2 2 _

70| :Bv 172/ :37 21250504771/||7]A/|:37
(Mztljjzu)z (M,gf&’)z M/?fz)\/ M/(l."fzu 1/7—1 Gl (Mlgf/y)z M/?f/)\/ Mlgj/u
D=| (M3 (M%) M3UM3, | \Di=|1/T2G (M35,)* MM,
U U S NI YTs6 (M35 MM,
(M) 1/TaG MY MY, (M35 (M3 1/T1Gy
Dy =| (MS%)? 1/T2G M, M, |, Ds=| (M3, (M34)? 1/T2G
(M35 1/TsG M, M'SY, (M2 (M35)? 1/TsGs

Positivity conditions:

> >0 |nal>>0

=2|nul|nxr | < 2cosalny|lna | < 20mul|na|
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Comment: in most of the cases analyzed destructive interference was found. |n, |2 x 10%°
(thick line), |nx/|? x 101 (dashed line) and z = 2 cos a|nw||nx/| X 1012 (dot-dashed line).

76Ge(2.23x10%) 1M o(5.8x10%) and X Te (free) °Ge(2.23x10%),*°Te (3x10%) and Mo (free)
1

— T e

g oy~ === 2 10~ ain, 2

02 Mainz/M oscoy P 310] Z

X =

Z102 71077

S S

& [aRN PR N S B -
F1079 F10F KATRIN

6.x10% 6.5x 107 7.x10%
Ti2(Te) [yl

7.5x 107 25x10%  26x10% 27x10%* 28x10%*
T12*Mo) Iyl

Ge(2.23x10%), 1M o(3.7x10%) and *°Te (free) Phase @

1
107'f Mainz/Moscow

a [rad]
o

oo
KATRIN

4.5765% 107 4.58x 107 4.5835% 107 4577x10%  458x10%  4583x10%
Ty Toly] Tia(Tely]

Aurora Meroni



o the Majorana nature of massive neutrino and thus 380vrdecay can test the compatibility
of data sets with the existence of extra sterile neutrino states and the general properties
of the neutrino mass matrix.

o The contribution of the additional light Majorana neutrinos can change drastically the
predictions for |[< m>| obtained in the reference 3- avour neutrino mixing scheme: NH
and IH have different features.

o Significant experimental efforts have been made to unveil the possible Majorana nature
of massive neutrinos by searching for neutrinoless double beta decay with increasing
sensitivity (last year GERDAI).

o Cosmology will provide us important information to be combined with 330vresults: e.g.
EUCLID combined with Planck results
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o The nature - Dirac or Majorana - of massive neutrinos, can be possibly related to New
Physics beyond that predicted by the Standard Model.

o If we will observe 330v decay we must understand which AL = 2 mechanism(s) trigger
the decay and if they interfere or not.

o All cases of two non-interfering mechanisms have the same features.

o If taking into account all relevant uncertainties, experimental data lie outside the interval
of physical solutions = 330v decay is not generated by the two mechanisms considered.

o The method considered can be generalised to the case of more
than two 380v-decay mechanisms.

o It allows to treat the cases of CP conserving and CP nonconserving
couplings generating the 350v-decay in a unique way.
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