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Introduction
Neutrinoless Double 3-Decay (330v)

Neutrinoless Double Beta Decay

The standard, high sensitivity probe of LNV and Majorana neutrino masses

u

@ A AL = 2 process that proceeds via
e Majorana neutrino exchange —
330w is only realistic probe of LNV

@ Some (as yet) unknown high scale
process

@ Experiments typically set upper
limits on m&ll # mee
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Standard picture: small m&f = mee can arise in the normal
hierarchy via cancellatlons among mixing angles and phases.

With new physics, other nontrivial cancellations are possible, %’
but induce a feedback mechanism!
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Introduction

Neutrinoless Double 3-Decay (380v)

Majorana Neutrinos and Lepton Number Violation

The Black Box and extended Black Box theorems

€ e @ Black Box Theorem

e LNV operators yield Majorana
neutrino mass

e Majorana neutrino mass
yields effective LNV operators

W w- @ mgl =3,(0i + mea)

Exact cancelations are possible

but require fine tuning

Extended Black Box Theorem: Assuming 3 v mixing & arbitrary
LNV, mge = 0 is not consistent with oscillation data!
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Introduction

Neutrinoless Double 3-Decay (330v)

Majorana Neutrinos and Lepton Number Violation

The Black Box and extended Black Box theorems

@ Black Box Theorem ...
e LNV operators yield Majorana
neutrino mass
e Majorana neutrino mass
yields effective LNV operators
Black Box o mgg =>i(0; + m(eoé)
Exact cancelations are possible
but require fine tuning

Extended Black Box Theorem: Assuming 3 v mixing & arbitrary
LNV, mge = 0 is not consistent with oscillation data!
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

Abelian Flavor Symmetries

Exact mge = O is stabilized by an appropriate flavor symmetry...

Assume 3 light Majorana neutrino states charged under global
U(1)r as ne, n, and n,

1, 8ee02n,,0 aeu5n6+nu,0 8erOng+n, 0 Ve
LD ME (Vg7 Vﬁ7 V$) aeu5ne+u,l,,0 a,up,52n“,0 apfr(sn,ﬁ»nr,o vy
a676n5+n.,,0 apfrén‘rkn.,.,o 37762n.,.,0 Vr

Charged v, forbids a v§ve mass term & implies vanishing T 550,

What about extensions to non-abelian symmetries?
@ Correlated quantum numbers defined by representations
@ Reduced number of a,s constants to tweak

Therefore U(1) provides the most freedom for minimizing mee | sreus
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

Texture Classes and Predictions
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11 discrete texture classes... None accommodate mixing data!
Majorana v + Oscillations = g0, # 0
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing ' g go,, Spurion Analysis
Predictions

Symmetry Breaking

The general idea

Expect that small mg values are induced by associated small
breakings of U(1); symmetry

Introduce new spurious scalar s with charge ng

@ Write all relevant Lagrangian terms to given order

© Give s small VEV ¢ (breaks symmetry!)

Q Fite, M & a,3 parameters to oscillation data

© Search for smallest allowed mee

© Extract other predictions

© Do this for all nontrivial breaking patterns to given order

This results in only 230 textures divided into 11 classes! )
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

Symmetry Breaking

Some more details

na+nﬁ
ns

My =M x a,; x e X 5mod(na+nﬂ,ns),0

@ M provides mass scale

o M<1eVv
@ a,; provides parameter tuning @ ¢ yields texture structure
e Sets naturalness criterion 0 e<2/3

e Set a.. = 1 (rescaling freedom) o smallest ¢ < smallest Mge

e Others fluctuate near 1

e Parameterize range by C Fitting the mixing data requires a

e C = 0.5: order of magnitude! complex interplay between M, e
107C < |a.s < 10¢ and a,g!
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

Mee Distribution: C = 0.1
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

Mee Distribution: C = 0.3
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

Mmee Distribution: C = 0.5
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

Mee Distribution: C = 0.7
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

Mmee Distribution: C = 0.7 (Reduced Uncertainty)
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing I 53 30,, Spurion Analysis
Predictions

C = 0.5 Oscillation Parameter Scatter Plots
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Unbroken U(1); Symmetry
Flavor Symmetries and Vanishing ' g go,, Spurion Analysis
Predictions

C = 0.5 Kinematic Scatter Plots
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Evading Bounds
Summary

Concluding Thoughts

660v With Light Sterile Neutrinos

Example for 3 + 2 + 1 See Saw case:

Many reasonable (and mostly testable) assumptions are
employed in this analysis... Bounds may be evaded!

i o New light degrees of

vyT Mg
o True for all m,g!

L freedom
. < o SeeSaw Mechanism
3 5 Mflavor — 0 vy

JoNewW YIBP ULIEM PUE SYOI JESInd

| @ Naturalness issues
. | . ‘ b )@ “Black Box” contributions

T1o' 10! 10°

10* 10
mg (eV): Heaviest sterile neutrino mass

The observation or non-observation of 330v reveals much
about potential new physics !
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Evading Bounds

Concluding Thoughts Summary

Summary

While exact I'zg0, = 0 cannot be protected by flavor
symmetries small mge values may be obtained from
small breakings.

| scan the model space of broken U(1); in search of small mee
@ Mee as small as 10~2 eV are still allowed

@ Future measurements will increase these limits

o Neutrino mass hierarchy
o Oscillation parameters
e m,and *

@ May be evaded by new light states or unnatural couplings

Combining information from 350w, oscillation searches and
other probes can reveal much about the nature of new physics.
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