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(Some) neutrinoless double beta decay mechanisms

p A2 PP A2
(A, Z) = (A Z+2)+2e~ +27, (2v8B8) S
(A, Z) = (A, Z+2)+2e” (ovBpB) "
n n A-2

(82 = Guulaf? 1P

® Go,,; = phase space factor (atomic physics)
® _/; = nuclear matrix element (nuclear physics)
m f = mechanism (particle physics)

O light neutrino exchange —  |f| = m;' mgg

0 heavy neutrino exchange
0 Majoron emission
0

Introduction




Majorana effective mass
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Oscillation parameters: F. Capozzi et al., Phys. Rev. D89, 093018 (2014)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.093018

mgg [eV]

0.001

Constraints from oscillations:

Mmgp VS, Mhgpeq:

Thanks to the knowledge of the
oscillation parameters, we can put
constraints on mgg:

3
o mig = _|U|m;
i=1
o mgiﬂ” = max{2|U§,~|m,~ — mpg", }
i=1,2,3

obs. a are left free
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Present situation on 0v33

S.D., S. M., F. Vissani, Phys. Rev. D 90, 033005 (2014)



http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.033005

Constraints from oscillations: mgg vs. X

1
Y=m+m+ms
Therefore:
. Z:m/+\/m,2+a+\/m,2+b
3
B a=0om?
E NH: ) )
b=Am"+0m-/2
0.01} /
a=Am?*—6m?/2
TH: ) )
b=Am"+dm°/2
0.001

0.1 0.5 1 2 3 S. D., S. M., F. Vissani, Phys. Rev. D 90, 033005 (2014)
Zcosm [6V]

Present situation on Ov 3/



http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.033005

Experimental bounds on mgg

mgg [eV]

0.01

[~ Cuoricino + CUORE-0 (4.0x10* yr) [1]

{~ HM + IGEX + GERDA-I (3.0x10% yr) [2]

[— KZ-1&2 + EXO (3.4x10% yr) [3]
t-- GERDA-II (1.5%10%° yr) [4] -~

-- CUORE (9.5%10% yr) [5]

IH (Am?<0)

0.001

me
LTS =
//1 gOV,i to,/,,'(eXP)
with . = gi . %Oyyf

obs. NMEs calculated with IBM-2 model
ga = 1.269 (free nucleons)

0.1 1
Zeosm [€V]

NMEs: J. Barea et al., Phys. Rev. C91, 034304 (2015)

PSFs: J. Kotila & F. lachello, Phys. Rev. C 85, 034316 (2012)
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Bounds on X

B cosmology is producing more and more stringent bounds on
B requirements/evidences for ¥ # 0 involve always smaller values
B today, the bound is pushed down to hundreds or tens of meV

B 3|l the predictions are model dependent. A cautious attitude is advisable

10 T T T T T T T T T T T T T T T T T
J.R. Primack et al., Phys. Rev. Lett. 74, 2160 (1995)
1 S.W. Allen et al., Mon. Not. R. Astron. Soc. 346, 593 (2003)
o 107 R. Battye and A. Moss, Phys. Rev. Lett. 112, 051303, (2014)
=
N (limit from oscillations)
102 today
10°°

2005
Publication year
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.2160
http://mnras.oxfordjournals.org/content/346/2/593
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.051303

Recent results, N. Palanque-Delabrouille et al., JCAP 1502, 045 (2015)

Y < 0.14eV (95%C.L.)T by combining different data:

B [ya-forest 1-D power spectrum from Baryon Oscillation Spectroscopic
Su rvey (BOSS) of SDSS—| I (N. Palanque-Delabrouille et al., Astron. Astrophys. 559, A 85 (2013))

B CMB data from Planck 2013 (P. Ade et al., Astron. Astrophys. 571, A16 (2014))

B BAO data from BOSS (L Anderson et af., Mon. Not. R. Astron. Soc. 441, 24 (2014))

Ay?

Y —22meV)?
A(x) ~ (B 22meV)
X(2) (62 meV)?

—— Lyo + CMB
—— Lya + CMB + BAO
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Y < 84meV (1oC.L)
Y <1l46meV (20C.L.)
Y <208meV (30C.L.)
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T The limit ¥ < 0.12eV (95% C. L.) is set by a newer analysis (N. Palanque-Delabrouille et al., arXiv:1506.05976 [astro-ph.C0] (2015))
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http://iopscience.iop.org/article/10.1088/1475-7516/2015/02/045/meta;jsessionid=C1A8B8AFD26871F646E695E1A761F222.c1
http://www.aanda.org/articles/aa/abs/2013/11/aa22130-13/aa22130-13.html
http://www.aanda.org/articles/aa/abs/2014/11/aa21591-13/aa21591-13.html
http://mnras.oxfordjournals.org/content/441/1/24
http://arxiv.org/abs/1506.05976

Implications for mgsg

It is possible to include the new constraints on X by considering:

(v = mps(D) . (5~ T(0))
(nolmes(D2 T (T —2(0)2 = '

0.08

NH -
20
(95% C.L.)
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S.D., S.M., M. Viel, F. Vissani, arXiv:1505.02722 [hep-ph] (2015)
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http://arxiv.org/abs/1505.02722

Allowed values for mgg

(y — mgp(m))? m’

(nolmss(m)])? — m(%.)?

<1

Mass max

spectrum 88 [meV] (C.L. on X) _
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The ZH region is excluded at 1o

0.01
Miightest [€V]

S.D., S.M., M. Viel, F. Vissani, arXiv:1505.02722 [hep-ph] (2015)
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http://arxiv.org/abs/1505.02722

Future prospects

B the next generation of 0v /33 experiments will
probe the region mgg > 70 meV

B et us require a sensitivity mgg = 8 meV
(hierarchy discrimination)

0 M-T-B-A <1 (0-bkg condition)

gy lev]

oM-T= MA—'tl/z
In2- NA
1 Exposure (B - A)gpk .
Isotope  £72 [yr] [ton-yr]  [ke—1-yr]] Ton or multi-ton
Ge  2.3-10% 41 241074 scale detectors
130Te  6.8-10% 2.1 47-1074 will be needed
136%e  9.7-10% 3.2 3.2.10~%
obs. the quenching of g4 would worsen the situation very much a
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The case of non-null X best fit

B some studies suggest a non-null
best fit value for X in the range
(0.3-0.4) eV

0.20
B |et us suppose that > and mgg are
measured with non zero values

0.15/

Present

mgg [eV]

B we assume X = (0.320 + 0.081) eV

0.10 (R. Battye and A. Moss, Phys. Rev. Lett. 112, 051303, (2014))

B we consider the present [3] and the
forthcoming future [5] sensitivities

> B the statistical contribution to the
0.1 0.2 0.3 0.4 determination Of mﬁg cannot be

Hen neglected (6Ns/Ng = 5t72/t"?)

There is the opportunity to learn something on Majorana phases!
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.051303

Heavy neutrino(s) exchange

B the observation of a Ov3( signal in the next generation of experiments
would indicate that some other mechanisms compatible with a faster
decay rate are at work

B heavy neutrinos compatible with the seesaw Type | could constitute a
valid candidate (v. mitra et al., Nucl. Phys. B856, 26 (2012))

B the radiative stability of the tree-level neutrino masses implies that the
heavy neutrino masses cannot exceed ~ 10 GeV

Let us consider a more general expression for the Ov 53 half-life:

2

3
[tl/zrlzgo;/ «///OVZU 1+%ONZ % mp

i=1
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http://www.sciencedirect.com/science/article/pii/S0550321311006262

Mixing vs. heavy neutrino mass

M, m, ‘/ﬂGe t1/2

107 | 1 |

12 \ ] DELPHI /

V2 8108 3.10% / \ \, /

- }ZI V| . 7810 [ 104} [ yr \___/

1075]
B an appropriate parametrization is
needed to match the heavy and light 10
neutrino exchange regimes

(S. Kovalenko et al., Phys. Rev. D 80, 073014 (2009))

0vpp (°Ge)

| Ver]*

1077

B Qv provides very competitive limits )
in the search for heavy neutrinos

1079

B theoretical uncertainties (in particular
those from nuclear physics) still play a o
significant role oo 010

1 10 100
M, [GeV]

S. Alekhin et al., arXiv:1504.04855 [hep-ph] (2015)

The interplay between Ov53 and searches at accelerators can be powerful!
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.073014
http://arxiv.org/abs/1504.04855

Summary

® Thanks to the precise knowledge of the oscillation parameters, it is
possible to stringently constrain mgg

® Probing ZH will require a strong experimental effort, but
experimental sensitivities are improving

®m Cosmology is making impressive progress and it is producing
stringent bounds on X

0 The ZH region is excluded at 1o. A cautious attitude is anyway
advisable

O Ton or multi-ton scale detectors will be needed in order to explore the
new mgg allowed region

m A OvB0 signal in the next generation experiments would probably
mean new physics other than the light Majorana neutrino exchange
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Possible quenching of ga?

M; can be rewritten emphasizing the axial coupling ga:

2
Mi = ga- %Ou,i
i H X i T (ISM
obs. since 2v/33 has been ; 0 ftom experimental 7 (1SM)
. £M.=1.269:
observed in different nuclei, in B /4 fom expernentl T, (BM-2 CA/SSD)
1 H B Baeff =1.2094
this case we can write: s
2 g 0.6
8A, eff k
gA,nucIeon
0.2
Where gA,nucleon =~ 1269 ()'910 0 =0 T o5 o 2

Mass number

J. Barea et al., Phys. Rev. C91, 034304 (2015)
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http://journals.aps.org/prc/abstract/10.1103/PhysRevC.91.034304

The effect of quenching on 0v3p3

1/2 -2 _ -4 -2
6~ M =gy

Ov,i
A conservative treatment of the

uncertainties should consider at least
three cases: T

8A nucleon = 1.269
gA = gA,quark = ].
8A, phen. =1.269. A*0.18

* Other studies suggest that the NME dependence
on g should be milder than quadratic
(E. Lisi et al., arXiv:1506.04058 [hep-ph] (2015))

T5.D., S M., F. Vissani, Phys. Rev. D 90, 033005 (2014)

Xe (g4 nucleon)

z
g
0.01]
TH (Am?<0)
0.001'
0.1 1
Zosm [€V]
A mi [eV]
&A, nucleon 0.15 + 0.03
8A, quark 0.24 4+ 0.05
&A, phen. 0.87 + 0.17

NMEs: J. Barea et al., Phys. Rev. C91, 034304 (2015)
PSFs: J. Kotila & F. lachello, Phys. Rev. C 85, 034316 (2012)

The issue of the coupling of the nucleons in the nuclear medium is still open!
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http://arxiv.org/abs/1506.04058
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.033005
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.91.034304
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.85.034316

(More pessimistic) future prospects

B let us still require a sensitivity mgg = 8 meV
(hierarchy discrimination)

B we consider the case of unquenched and
maximally quenched ga

mpg [eV]

B- A
Isotope t1/2 ] Exposure ( )0»:37[(%]

[ton - yr] kg™t -y

8A, nucleon

76Ge 2.3-10%8 4.1 2.4.10% Mg V1
1307 6.8 - 107 2.1 4.7.107%
136 9.7 - 107 3.2 3.2.1074

8A, phen. & Many-ton scale
70Ge 5.1.10% 03 1.1-107° detectors would
1307 2.3.10%° 71 1.4-107° b ded!
136xe 3.3.10% 109 9.2-1076 € needea:

S. D., S. M., F. Vissani, Phys. Rev. D 90, 033005 (2014)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.033005

Confidence intervals

m we use the definition of likelihood function:
L x exp—(Ax3%/2)
m [eft side:

2 (v — mﬁﬁ(o))z (X — z(o))z )
S PP (1)) R £33 () G
where mg(0) = mgg(E = 0)

B right side:

- mep(DP | (E-X(0)
AX= olmes N2 T (50— (0

1
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