The OvBp and its implications
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Coming to the 0vpp decay
Its sensitivity to Majorana
New physics as pollution
Other possible ways out?

Review 1: S. Elliot, M. Franz, 1403.4976 (Rev. Mod. Phys.)
Review 2: S. Bilenky, C. Giunti, arXiv:1411.4791
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Part A

necessary conditions:
m(£,A) > m(Z + 2,A4)
m(Z,A) < m(Z + 1,A4)
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BB decay: certain even-even nuclei have a chance to decay
into the second nearest neighbors via two simultaneous 3
decays (equivalent to the decays of two neutrons).
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% Theory of the Symmetry of Electrons and POS|trons
Ettore Majorana i

Nuovo Cim. 14 (1937) 171

Are massive neutrinos and antineutrinos
identical or different — a fundamental
puzzling question in particle physics.

% Mesonium and Anti-mesonium
Bruno Pontecorvo

Zh. Eksp. Teor. Fiz. 33 (1957) 549
Sov. Phys. JETP 6 (1957) 429

If the two-component neutrino theory turned
out to be incorrect and if the conservation law
of neutrino charge didn’t apply, then neutrino
-antineutrino transitions would in principle be
possible to take place in vacuum.
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The neutrinoless double beta decay can happen if massive
neutrinos are the Majorana particles (W.H. Furry 1939):

Initial state Final state

N(n, p) \ N(n, p) = N(n—2,p+ 2)+ 2e Nn—2p+ 2)
‘/ 40&
‘\\
Nuclear physics
Lepton number \ W CP-conserving
violation =) process ¢ummm
|<m>ee| — Z mz‘/e??, Electron
¢ Mass term
flips chirality
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THEOREM (1982): if a Ov3p decay happens, there must be
an effective Majorana mass term.
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dm, = O(107?*eV)| (Duerr, Lindner, Merle, 2011)

Note: The black box can in principle have many different
processes (new physics). Only in the simplest case, which
Is most interesting, it’s likely to constrain neutrino masses
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Simplest case

PRL 111, 122503 (2013)
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GERDA has killed the Heidelberg-Moscow’s claim on Ov[3§3.
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Effective Ovﬁﬁ mass 7

d The effective mass

’LB’&

Maury Goodman asks
An intelligent design?

1 I asked myself in 2003

Vanishing Ovpp mass?
hep-ph/0305195, PRD

CP phases also matter

In case of new physics,
Is it destructive or
constructive?
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Type (A): NP directly related to extra species of neutrinos.

Example 1: heavy Majorana neutrinos from type-I seesaw

—_ — ~ ]__ l,u\\ > 1 U
—Lyepton = WY HER + 1Y, HNp + §NﬁMRNR + h.c. n'd: - 'di P
\d,l = \U,‘
5 n g2 2 TwW - €
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In most cases the heavy contribution is negligible - <!

Example 2: light sterile neutrinos from LSND etc

6
(m)ye. =) m; V5 = (m),, (cryci5¢16)” + my (814015006)" + ms (815016)° + mg (856)°
1=1
In this case the new contribution might be constructive or destructive
Type (B): NP has little to do with the neutrino mass issue.

SUSY, Left-right, and some others that I don’t understand



Part C

Example (A):
R-parity
violation

Example (B):

R-parity
conservation

H.V. Klapdor,
hep-ex/9901021
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QUESTION: are massive neutrinos the Majorana particles?

One might be able to answer YES through a measurement of the 0vf
decay or other LNV processes someday, but how to answer with NO?

YES

or
I don’t know!

The same question: how to distinguish between Dirac and
Majorana neutrinos in a realistic experiment?

Answer 1: The 0v(3p decay is currently the only possibility.

Answer 2: In principle their dipole moments are different.
Answer 3: They show different behavior if nonrelativistic.
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Without electric charges, neutrinos have electromagnetic
interactions with the photon via quantum loops.

Given the SM interactions, a massive Dirac neutrino
can only have a tiny magnetic dipole moment:

3eG, o0 M N
~ m_ =3x10 Y W4
H, 8\/572'2 v O.leV'uB

A massive Majorana neutrino can not have magnetic
& electric dipole moments, as its antiparticle is itself.

Proof: Dirac neutrino’s electromagnetic vertex can be parametrized as

C(p#) = fo (@), + Ful@)ion,q” + ful@®) 0,0 75 + () (47, — 4.07) Vs

Majorana
neutrinos

I [ = . [ [ _.T [ _.T T e [ e _ |
gL i = §°T,0° = YTCT,CP = (YICT,CP ) = —yC TLCT ¢ = yeric—y
I

) |/ (¢°) = fu(q°) = fe(¢®) = 0| intrinsic property of Majorana V's.
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Both Dirac & Majorana neutrinos can have fransition dipole moments
(of a size comparable with _v) that may give rise to neutrino decays,
scattering with electrons, interactions with external magnetic field &
contributions to v masses. (Data: < a few x 10”-11 Bohr magneton).
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Nonrelativistic CvB

14

When 7~ 1 MeV after the Big Bang, the neutrinos became
decoupled from thermal plasma, formed a v background in
the Universe. Today the relic neutrinos are nonrelativistic.

Temperature today
4 1/3

T, = (—) T ~1.945 K
11 ¥

Mean momentum today
(p,) ~ 3.151T,
~ 5.281 x 107* eV

At least 2 v's cold today
Non-relativistic v's!

(Irvine & Humphreys, 83)

no energy threshold on incident v’s

Relic neutrino capture on

number of electrons

-decaying nuclei
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* first experiment * CvB capture rate
% 100 g of tritium Lcis ~ 4 yr™

* graphene target Cép ~ 8 yr
* planned energy D = Dirac
resolution 0.15eV M = Majorana
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PTOLEMY
Princeton Tritium
Observatory for
Light, Early-

Universe, Massive-
Neutrino Yield
(Betts et al,
arXiv:1307.4738)
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Comparison: neutrino-neutrino and neutrino-antineutrino
oscillation experiments.
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Feasible and successful today! Unfeasible, a hope tomorrow?

Sensitivity to
CP-violating
phase(s):
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Without information on the nature of massive neutrinos (Majorana or
not) and all the CP-violating phases, one will have no way to establish
a full theory of v masses and flavor mixing. Give Ov{3 a chance!

Theories




OUTLOOK: How about the Majorana phases?
Quarks
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