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Goals for This Talk

Encourage the community to adopt a
broader framing for the scientific

significance of the 0Ovpp decay “campaign’”

Highlight the Ovpp decay inter-frontier
connections
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I. Scientific Motivation



Why pursue Ovp( - decay ?

 The conventional question:

« Whatis the nature of the neutrino ?



Why pursue 0vjf - decay ?

The conventional question: o

The deeper questions:

What is the nature of the neutrino ?
Is there BSM lepton number violation ?
If so, what is the LNV mass scale ?

Does LNV undergird the generation of m,,
and the matter-antimatter asymmetry?
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SM B+L Violation & Sphalerons
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SM B+L Violation & Sphalerons
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Lepton Number Violation

 The “known?” Standard Model LNV mass
scaleis ~ 10 TeV

 Are there additional LNV dynamics ? If so
what is the associated mass scale ?
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LNV Physics: Where Does it Live ?

SUSY, see-saw, BSM

Higgs sector...

Mass Scale

Sterile v's, axions,

BSM ? dark U(1)...

Coupling

Is the BSM LNV scale (associated with m,) far
above Eys ? Near Ey s ? Well below Es ?
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BSM LNV: Questions

. Are there additional sources of LNV at the
classical (Lagrangian) level?

« [fso, what is the associated LNV mass scale ?

What is the sensitivity of ton-scale Ovfpp-decay
searches under various LNV scenarios ?

. What are the inter-frontier implications?

SN O\

Origin of m, Cosmology: FSNN: Colliders
- BAU * OvBf decay
. Zm, .,

e Gravwaves °* Vv OSC
« PVee... 14
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Lepton Number: v Mass Term?

Lone = yLHvg + hec. o = %ECHHTL + he.
Dirac Majorana

Mass scale for LNV dynamics ?
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ovpp-Decay: LNV? Mass Term?

Loass = yl_LFIVR + h.c.

Dirac

Impact of observation

Total lepton number not
conserved aft classical level

New mass scale in nature@

Key ingredient for standard
baryogenesis via leptogenesis

Lo =C/y§CHHTL e

Majorana

A(Z, N) A(Z+2, N-2)
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ovpp-Decay: LNV? Mass Term?

Loass = yl_}f]VR + h.c.

Dirac

Impact of observation

Total lepton number not
conserved aft classical level

New mass scale in nature, A

Key ingredient for standard
baryogenesis via leptogenesis

o %ECHHTL e

Majorana

What’s
inside ?

A(Z,N)
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ovpp-Decay: LNV? Mass Term?

— A y _
Loass = yLHvr + h.c. Lrass = KLCHHTL + h.c.
Dirac Majorana
Wtey.,
: e,
Impact of observation 7
- - (S)
What's . . 79
» Total lepton number not .
inside ?

conserved at classical level

 New mass scale in nature, A

« Key ingredient for standard

baryogenesis via leptogenesis
A(Z,N) A(Z+2, N-2)
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Il. Inter-frontier Connections
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Fermion Masses & Baryon Asymmetry

g NN EEN NN NN NN SN SN SN SN SN SN SN SN SN SN SN SN SN SN S S SN S S Sy [
- fern?i’o(\ masses
\
\ -\
Partners
(large gfigle MSW)
Ll el Partners
sl 20 2| 3

[Something else ? ]

L

[Higgs Mechanism J

AN

Leptogenesis: Baryon
asymmetry & m, from
lepton number violation

Electroweak baryogenesis:
Baryon asymmetry & ms from
EW symmetry breaking

B e Py Sy S——

NN S N N S BN BN NN BN BN BN NN BN BN BN BN BN BN BN S S S

Ovpp Decay 21



Neutrino Mass & Cosmology

Matter Power Spectrum Neutrino Free Streaming
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Characteristic Strain
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BSM LNV: ovpp-Decay & Colliders

L ass :yl_)lfluR + h.c. ﬁj\-ﬂ}jﬁg% + h.c.
pzf@ A

Dirac - SS D!I'e Majorana
LHG: 27

Ovpp-Decay pp Collisions

v

A(Z, N) A(Z+2, N-2)
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Nuc Phys: Ovpp-Decay & LNV Mass Scale

AZN) — L — A(Z+2, N-2) + e e

Physics

» 3 light neutrinos only: source of neutrino
mass at the very high see-saw scale

« 3 light neutrinos with TeV scale LNV

« > 3light neutrinos
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lll. High-Scale LNV

The “Standard Mechanism”
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LNV Mass Scale & 0Ovpp-Decay

A(ZN) —

Underlying s A(Z+2, N-2) + e e

Physics

3 light neutrinos only: source of neutrino
mass at the very high see-saw scale

3 light neutrinos with TeV scale LNV

> 3 light neutrinos
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ovpp-Decay: LNV? Mass Term?

Lo = yLHvE + hec. o %ECHHTL + he.
Dirac Majorana

“Standard” Mechanism

» Light Majorana mass generated
at the conventional see-saw
scale: A~ 1072—- 107° GeV

« 3 light Majorana neutrinos
mediate decay process

A(Z, N) A(Z+2, N-2)
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ovpp-Decay: “Poster Child” Mechanism

Three active light neutrinos
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Energy Scale (GeV)

High Scale LNV & Leptogenesis
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2’m,, from Cosmo: Ovpp-Decay Implications

Three active light neutrinos: j‘“j:_mt T p—
conventional see-saw .
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IV. TeV-Scale LNV
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LNV Mass Scale & 0Ovpp-Decay

AZN) — BB — A(Z+2, N-2) + e e

Physics

» 3 light neutrinos only: source of neutrino
mass at the very high see-saw scale

« 3 light neutrinos with TeV scale LNV This talk

« > 3light neutrinos
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BSM LNV: Questions

. Are there additional sources of LNV at the
classical (Lagrangian) level?

« [fso, what is the associated LNV mass scale ?

What is the sensitivity of ton-scale Ovfpp-decay
searches under various LNV scenarios ?

. What are the inter-frontier implications?

P N

Origin of m, Cosmology: FSNN: Colliders
- BAU * OvBf decay
. Zm, .,

e Gravwaves °* Vv OSC
« PVee... =



ovpp-Decay: LNV? Mass Term?

Loass = yl_}f[VR + h.c.

Dirac

TeV LNV Mechanism

 Majorana mass generated at
the TeV scale

 [ow-Sscale see-saw
 Radiative m,

s myn << 0.07 eV but 0vpp-signal

accessible with tonne-scale
exp’ts due to heavy Majorana
particle exchange

Lo =2 I°HHTL + h.c.
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Energy Scale (GeV)

Low Scale LNV & Leptogenesis
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Leptogenesis & TeV Scale LNV: Example

The “O2 Model”: similar ingredients as in scotogenic neutrino mass models
(but no Z, symmetry)

_ - S: (1, 2, 72)
Lint = 1097d*S; + g,€VL;FS; + H.c. = (1,0, 0) Majorana
00 myo = 101 GeV, e = 1
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- Y <y
S .
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106—;/
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BSM LNV: ovpp-Decay & Colliders
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TeV-Scale LNV: lepto, Ovpp-Decay & Colliders

The “O2 Model”: similar ingredients as in scotogenic neutrino mass models
(but no Z, symmetry)
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BSM LNV: Questions
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2’m,, from Cosmo: Ovpp-Decay Implications
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Minimal LR Symmetric Model: Ovpp-Decay

Long range chiral enhancement

e There are the following contributions (ontop | -----‘I
of the usual light neutrino contribution) : LR contribution
LL or RR d e ———— !
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Minimal LR Symmetric Model: Ovpp-Decay

Long range chiral enhancement

® There are the following contributions (on top
of the usual light neutrino contribution)

LL or RR
J w L “
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TeV-Scale LNV: Ovpp-Decay & > m,

EFT: Long range

Minimal LR Symmetry \
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BSM LNV: Questions

. Are there additional sources of LNV at the
classical (Lagrangian) level?

« [fso, what is the associated LNV mass scale ?

What is the sensitivity of ton-scale Ovfpp-decay
searches under various LNV scenarios ?

. What are the inter-frontier implications?

SN O\
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Spontaneous LNV: Higgs, GW, Collider

LHC + Higgs

The EW scale: BSM factories

Higgs & more Collider

Signatures

Models

™~

Spontaneous LNV >
phase transition ?

Phase

Transitions

Complementary
probes

LISA, Taiji,
Tianqin
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Characteristic Strain
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LNV Scalar Field & GW

Stochastic
background

Example: Majoron models 2>
spontaneous LN violation & m,,
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LS = y,ﬂjfiﬁuRj + ny‘fuRja + Aijngj +h.c.,

LEIS = y,ijzif]VRj + yéjS'ija + y,'fjﬁﬁiugja* + Aiij{iSj + h.c.

A. Marciano: SPCS 2023 + refs

assive binaries

Resolvable 4
binaries

ratio inspirals

LIGO

ﬁ((t/
L/ﬂllGo
N

Core collapse

T around EW supernovae
T2 DE0-10000 EW
10 10 10 8 10 ¢ 10 4 10 2 10° 10 2 10 ¢ 10 ¢

Frequency / Hz

Phase transition associated with spontaneous

LNV -2 non-astrophysical GW source
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LNV Scalar Field & GW

Stochastic
background

assive binaries

Resolvable 4

binaries

Example: Majoron models 2>
spontaneous LN violation & m,,
L:,TIS = y,’;jfifIVRj + yzjﬁﬁiuRja +h.c.,

LS = y,ﬂjfiﬁuRj + ny‘fuRja + Aijngj +h.c.,
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A. Marciano: SPCS 2023 + refs

alactic
LIGO
L/ﬂllGo
N

Core collapse

:
T arqlund EW i supernovae
I | Ta DO0-10000 EW
| |
I }
10 ‘10 10 -8 10 - 10V 10 -2 ,l 10 © 10 2 10 4 10 ©

/ Frequency / Hz

EWPT laboratory for GW micro-physics: colliders can probe
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51

our framework for GW microphysics at other scales




BSM LNV: Questions

. Are there additional sources of LNV at the
classical (Lagrangian) level?

« [fso, what is the associated LNV mass scale ?

What is the sensitivity of ton-scale Ovfpp-decay
searches under various LNV scenarios ?

. What are the inter-frontier implications?
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LNV: Scalar Fields & m,

Ovpp Decay, PV ee 2 e e, e'e > e’'e & pp collisions
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MmLRSM type Il Seesaw: 6 —-
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V. GeV- and Below-Scale LNV
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LNV Mass Scale & 0Ovpp-Decay

A(ZN) —

Underlying s A(Z+2, N-2) + e e

Physics

3 light neutrinos only: source of neutrino
mass at the very high see-saw scale

3 light neutrinos with TeV scale LNV

> 3 light neutrinos
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More Than 3 Light Neutrinos: MeV-GeV
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Lepton Collider Probes
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VI. Conclusions

The observation of Ovpp—decay would imply
the existence of BSM LNV that could hold the

keys to answering fundamental questions:
origin of m , & matter antimatter asymmetry.

If BSM LNV exists, we don’t know the
associated mass scale

Ton-scale OvfifB—decay searches provide a
powerful probe of LNV at all scales, with
broader implications for our understanding of
physics at the cosmic and high energy frontiers
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NuFIT: 2111.03086

NuFIT 1.0 NuFIT 2.0
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Minimal LR Symmetric Model: Ovp3-Decay
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