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Dirac vs Majorana

» Origin of neutrino masses beyond the Standard Model
» Two possibilities to define neutrino mass

Dirac mass analogous to other Majorana mass, using only a
fermions but with ™/,  ~107'2 left-handed neutrino

couplings to Higgs — Lepton Number Violation
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Dirac vs Majorana

» Origin of neutrino masses beyond the Standard Model

» Crucial role of total lepton number L symmetry

Arises accidentally as global U(1); in SM from particle
content and gauge symmetry

Already broken non-perturbatively with B — L remaining conserved

Global symmetries expected to be broken gravitational effects?
Naive expectation:
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Too small to explain oscillations
but too large as subdominant splitting

Frank Deppisch | Limits on New Physics from OvBpB | 12/02/2021



Neutrinoless - UC]
Double Beta Decay

dy; — = uy
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» Atomic Physics
> Leptonic phase space G% « Q>

» Nuclear Physics
> Nuclear transition matrix element M% ~ 1

10%°y (lmﬁﬂ|>2
~ Q+2m,
T/ eV ~ 3—5 Me
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Three Active Neutrinos

» Effective OvBp Mass .degenerate & 6,3~ 0
|mpp| = |C122C123mv1 + 5122C123mv23i¢12+S123mv33i¢13| ~ mv\/l — sin?(26;,)sin?(¢12/2)
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Three Active Neutrinos

» Effective OvBp Mass
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» NMEs from IBM-2

FFD, Graf, lachello, Kotila
PRD 102 (2020) 9, 095016
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Heavy Sterile Neutrinos

» with masses Iarger than ~ 100 MeV

+ My, 7.+ yn|No V4 1
l 5 R
ep z Vel y/,L(l + VS) M2 ~1, (1 —ys) = . 4 - M;l B M
. i N
- BB

» Short-distance on nuclear scale
dy — > Uy
g ~ 100 MeVX My »

> L HL

» Light neutrino mass via seesaw
v N; N, ‘Vanilla’ seesaw ugp > mp

. m,, _ VeZN My
U 0.1eV 10-12100 GeV
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Heavy Sterile Neutrinos

» with masses larger than = 100 MeV
e A+ My, v +ymfo Va1
,lltvp 42 Vel Vu(l +)/5) qz M2 ]/v(l —]/5) ~ u 7 . MNi - MN
= BB

» Short-distance on nuclear scale

dy > > Uy

q ~ 100 MeVX My m)

e

u

dy > * > uy
» Light neutrino mass via seesaw Inverse seesaw
v N N, M > ug, ug, mp
0 mp O m, Vev Hs
diag(my, My, My + AMy) =V - mp pg M |- VT 0.1eV  10—*keV
0 M us Quasi-Dirac N

Approximate L conservation
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Heavy Sterile Neutrinos
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New Physics and OvgBp

» Plethora of New Physics scenarios
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New Physics and OvgBp

» Plethora of New Physics scenarios
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» Neutrinos still

Majorana

Schechter, Valle
Phys. Rev. D25 (1982) 2951
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New Physics and 0vgf
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dy — = uy
» Examples in Left-Right Symmetry :'?ﬁj;‘ —
d U dp — > g Z, Xmy )
:I?'LVJrA . e iV;J}VJrA > €
e X m, —A > uy
e > en 3
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3 4 B 10~°
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— NP
L2 i=1 my My p ( ¥y )
» OVBp probes . 107°®
the TeV scale (A/1TeV)5
» Limits on 6D d u
and 9D eff. e
operators . .
u
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Short-Range Mechanisms

» Evaluation of limits on d

short—range operators
(Graf, FFD, lachello, Kotila, PRD 98, 095023)

> General parton level operators (Paes et al. ‘01)

GZ
L= ﬁ (el)j + €] i + €3JMj + €4J* 1 j¥ + €)M | | d
1%
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Short-Range Mechanisms
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» Evaluation of limits on %‘_ — -
e
short-range operators " Np - l/\/ P
(Graf, FFD, lachello, Kotila, PRD 98, 095023) e
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Short-Range Mechanisms

» Evaluation of limits on
short-range operators

2
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Interference with Mgp

Same lepton current _ . Imggl?
" 2l e.g. heavy neutrino Different Tl/é = m2 |Mv|ZGv + |€|2|Me|ZGe
1 _ BB exchange currents r
T1/2 =Gy m, My, + eMe Mitra, Pascoli, Wong, Phys. +2Re [M E*Mv]\/[:} Gye
Rev. D 90 (2014) 093005 Me
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Example Scenarios

» Left-Right Symmetry
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» R-Parity Violating SUSY
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- Enhancement due to
large pseudoscalar
form factor
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Exotic particle emission M § [od ]
in double beta decay

d u
» Majoron(-like) J emission \@ﬁm
» Majoron-like ¢ emission " i
: G g-=>---
assisted by RH current y
(Cepedello, FFD, Gonzalez, Hati, Hirsch,
PRL 122 (2019) 181801) //@kq
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Exotic particle emission
in double beta decay

» Majoron(-like) J emission

» Majoron-like ¢ emission

assisted by RH current

(Cepedello, FFD, Gonzalez, Hati, Hirsch,
PRL 122 (2019) 181801)

> Sensitivity to Left-Right symmetric model

Tf}‘; _(14x10" 2( My )4( my )4
102 v GJREYN Yy 25 TeV 100 MeV
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New Physics in 2vB

d
» Lepton-number conserving
right-handed currents
d/‘é

(FFD, Graf, Simkovic, PRL 125 (2020) 17, 171801)

- Estimated current limit eyr < 2.7 x 1072
from NEMO3 (angular correlation)
competitive to other searches

Gp

u
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» Neutrino self-interactions

(FFD, Graf, Rodejohann, Xu, —
PRD 102 (2020) 5, 051701)

™

n
- Excludes strongly interacting regime > >
Gs =~ 4 x 10° Gr suggested to resolve v p
Hubble tension v
GS <
1%
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P
> >
n
-
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New Physics in 2vB

» Lepton-number conserving

right-handed currents

(FFD, Graf, Simkovic, PRL 125 (2020) 17, 171801)

- Estimated current limit eyr < 2.7 x 1072
from NEMO3 (angular correlation)
competitive to other searches

» Neutrino self-interactions

(FFD, Graf, Rodejohann, Xu,
PRD 102 (2020) 5, 051701)

- Excludes strongly interacting regime
Gs =~ 4 X 10° G suggested to resolve |.

Hubble tension = 0.0tk

» Sterile neutrino search :

through energy endpoint il
(Bolton, FFD, Graf, Simkovic, arXiv:2011.13387; O-00L — corm,

— DARWIN, ®6Xe

Agostini, Bossio, Ibarra, Marcano, o Y
arXiv:2012.09281) o 55 AR ;

my [MeV]
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Conclusion

v

Neutrinos much lighter than other fermions
> Dirac or Majorana? Lepton Number Violation?

> Natural suppression of charged LFV?
- Determination of absolute mass scale

OvBp is crucial probe for BSM physics |« \J

—>
. . : VL 1/Anp VL
o Standard interpretation: New Physics near
GUT scale breaking lepton number TOVBE ( Ap 2
~( )

(H) (H)

v

. . . . 1/2
° Also: Direct sensitivity to sterile neutrinos 1028
at scales my =~ 1eV - 1TeV Y

2vBp is becoming sensitive to New Physics as well

Importance of probing LNV around the TeV scale

- Can we discover mechanisms of neutrino mass generation?
> Impact on baryon asymmetry of the Universe

015 GeV

v

v
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