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Open Questions

JdNeutrinos
— What mechanism gives masses to neutrinos?
— Are neutrinos Dirac or Majorana particle?
- What is the origin of flavor mixing structures?

dDark Matter
- What is the dark matter (particle)?
e Few properties known, and many candidates

dWant to create a model that relates above questions
and is within experimental reach



Dark Matter Evidences
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Neutrino Oscillations —@ Neutrino Masses
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Absolute Mass Scales

, 100 [

o

count rate [g.u.)

m-

A
my=4e

2
my-4-

2
'"l - .

m-
o \", A
Normal Yu| Inverted
- Vv
1
[ | -—’"32

.
HHINI'

atmospheric
~2x10 V2 :
atmospheric
~2x107%V?

2
9

0

0

80 |
60 |
40

20 |

Katrin

tritium-beta-decay
sensitivity ~0.2 eV

e e N T
E—E, [eV]

dNormal or Inverted mass
ordering for the neutrinos?

dMainz experiment:
m, < 2.3eV Krausetal.

Eur.Phys.).C40:447-468,2005

dCosmological constraints:

va SleV Planck



Building a Predictive Model



Building a Predictive Model

Ingredients:

1. Neutrino mass?



Generating a Neutrino Mass
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Mass hierarchy
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dNeutrino masses tiny
my /vev ~ 1013

JSee-saw mechanism with
couplings of ~1 gives:
Mp~Mgur~101°6 GeV

JdElectroweak scale (~vev)
being loop suppressed?

3-loops w/ gauge couplings:
(92/1672)3 ~ 1013

Suggestive: a 3-loop suppression
to naturally explains the hierarchy



Building a Predictive Model

Ingredients:

1. Neutrino mass radiatively (at 3-loops)
2. A large OvBf3-decay signal?



dMajorana neutrino — neutrinoless double-beta decay OV@B

dy, dp,

2N = 2p + 2e°

(Does not exist i the SM)

€L €L

dNeutrinoless double-beta decay = Majorana neutrino mass
(contribution)

The exact connection depend on the underlying model



Effective operators for OvBf
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O = Tpl5 (67 D,)?
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Building a Predictive Model

Ingredients:

1. Neutrino mass radiatively at 3-loops

2. A large OvBB-decay signal

3. Predictions for Flavor Mixing Structures
and Neutrino Mass Hierarchy?
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Mass Matrix Structure — Flavor Mixing Structure
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Mee = Me,, = 0 2Flavor Mixing Structure
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Mee = Mey, = 0O —-Flavor

Mixing Structure
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Building a Predictive Model

Ingredients:

1. Neutrino mass radiatively at 3-loops

2. A large OvBB-decay signal

3. Predictions for Flavor Mixing Structures
and Neutrino Mass Hierarchy

4. Dark Matter Candidate



Creating a Cocktail Model

Effective operator
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The Cocktail Model

The Field Content
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The Cocktail Model

The Field Content
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Neutrino mass
at 3-loops



The Cocktail Model

The Field Content
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3-loop calculation

The loopmassis = y-mmmmmmmm--
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3-loop calculation

The loopmassis = y-mmmmmmmm--
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3-loop calculation
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Its Dark Matter Candidate

Inert Doublet Modet b, =

Thermal production at freeze-out

1. Higgs portal (resonance): V60 GeV

. Coannihilation with A°
(gives too small m,)
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Its Dark Matter Candidate

Inert Doublet Model &, — ( Hoti Ao) Ho (or A°) is qood DM candidate
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Its Dark Matter Candidate

Inert Doublet Model ¢, = g 14, HO (or A°) is good DM candidate
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Neutrinoless Double Beta Decay
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Ovf3B Decay Bounds

neutrino exchange Cocktail model Short range force
predicfions
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OvBpB-decay puts the strongest exp.
constraint on the Yukawa coupling Cee



Lepton Flavor Violation

Skringent bounds from rare
flavor-violating processes
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Summary & Conclusions

JElectroweak Scale Physics Responsible for Neutrino Masses is
Appealing: Very Rich Phenomenology (& testable)

dNeutrino Mass Suppression can be Linked to DM Stability
in Models of Radiative Neutrino Mass Generation

dNeutrino Mass Generation via the Operator Z_le%((NDu(ﬁf
Leads to Signatures in Neutrino Mixings & Ovf[-decay

dThe "Cocktail model” is a Concrete BSM Realization ‘7’
that Contains these (and other) Testable Ingredients



