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The Standard Model

SM matter families
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Dark Matter
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Observations support Dark Matter

Dynamics of clusters and galaxies
Structure formation

CMB anisotropies

Baryon Acoustic Oscillation

Qpmi? = 0.1196 + 0.0031
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Dark Matter Searches
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Neutrinos
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The SM predicts zero neutrino mass

Beyond SM physics is required to explain
mass spectrum and mixing angles
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Neutrino mass mechanisms

A large fraction of the models uses the 5-dim Weinberg operator to
generate majorana neutrino masses

1
Osij = + (LiH)" (L;H)

This operator preserves SM symmetries but it breaks lepton number in 2 units
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Neutrino mass mechanisms

The most known schemes are see-saw mechanisms
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Radiative seesaw

<h>\\ o <h> To connect neutrino mass
mechanism and dark matter

(See Restrepo et al. JHEP arxiv:1308.3655)
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Scotogenic models
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Fermion singlet

E. Ma, Phys.Rev.D73:077301,2006

DM candidates:
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Fermion SU(2) triplet

E. Ma, D. Suematsu Mod.Phys.Lett. A24:583-589,2009
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A type-ll inspired Scotogenic model

H H The minimal construction of the model
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Charge assignment

Field L; fL fr A Q H
Spin 1/2 1/2 1/2 0 0 0
Chirality L L R — — —
SU(2); 2 2 2 3 3 2
U(l)y -1/2 1/2 1/2 1 0 1/2
Lo +1 -1 -1 -1 -1 +1

The Z2 symmetry is the minimal addition fo the model, besides the fields

After considering, neutrino masses, scalar potential minimization and stability, and
minimal DM phenomenology.

The DM candidate is only one: S?
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The model’s lagrangian
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Neutrino masses

The scotogenic mechanism in this model gives non-zero mass to 2 neutrino, but one remains
massless.

E
|

1 . .
= 16—\@#2 (yAyé + ?/QUJA) mf FIOOp(mSQ,Qamsfoamf)

my,, =0
A A . D
my, = — 2yAyQ S1I1 (¢N)mfﬂoop
mys, = — QQA?;Q COS2(¢N)mfFloop
_ 2 2 \1/4
¢N = arctan [(Amzl/Am32> ]
N Am%1
~10 . . - - - yo = ——
U 105 100 107 10° 100 20 sin®(¢n)m s Floop

Yo Vorkshop on New Trends in Dark Matter 15



Indirect searches channels

S b Sy b S " The model has many annihilation channels.
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Indirect searches: W channel
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The ElectroWeak channel

are strong due to DM
comes from triplets.

Beyond ~1.5 TeV, those are
not enough fo explain DM
relic abundance
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Indirect searches: tau channel
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Indirect searches: neutrinos

Neutrino flux large enough

to be detected in KM3Net
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Direct detection: Tree-level vs One-loop
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Tree-level
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Higgs portal

Tree-level 4 one-loop
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Higgs portal + electroweak loops
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Conclusions

« Neutrinos observables and DM are keys to unveil New Physics
» Scoftogenic mechanism connects DM stability and neutrino masses

» A type-ll seesaw inspired scotogenic model provide an interesting

TeV DM candidate

» The complementarity between CTA, KM3Net, and Darwin is key to
explore the model.
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Neutrino masses
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