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LUX collaboration (2016)

We have to look at the TeV scale!
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Simple assumption:
extend the SM with
an electroweak

multiplet
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Inert doublet model 0.5-20 TeV

Higgsino DM ∼ 1 TeV

Wino DM ∼ 2.9 TeV

Fermionic 5-plet ∼ 10 TeV

Scalar 7-plet ∼ 25 TeV
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How do we test these models?
Gamma-ray telescopes
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One example: minimal DM Scenario

Case of the fermionic 5-plet
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Cirelli, Fornengo, Strumia (2005)

χ+ and χ0 get a mass splitting at loop-level: ∆M = 166MeV.

χ0 is naturally the ligthest and automatically stable.

Only one parameter. Very predictive scenario.

A detailed calculation of the relic density shows that M ≈ 11.5TeV
Mitridate, Redi, Smirnov, Strumia (2017)
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LHC searches

Look into the channel pp → jχ±χ0

M < 430GeV are excluded. MoriondEW (2017)
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Indirect searches of the 5-plet
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In the early Universe
σv ∼ 1pb ≈ 3× 10−26 cm3/s.
Sommerfeld Effect
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Gamma-ray spectrum
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The H.E.S.S. Experiment (High Energy Stereoscopic
System)
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profiles!
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H.E.S.S. searches for line-like features
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H.E.S.S. Limits from the Galactic Center
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Left-Right Symmetric DM
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Extend the idea of
of only multiplet but
consider the group

Heeck, Patra (2015)

SU(2)L × SU(2)R × U(1)B−L

Fermionic Representation

(3, 1, 0)⊕ (1, 3, 0)
(5, 1, 0)⊕ (1, 5, 0)

(2, 2, 0)
(3, 3, 0)

Only the mass is a free parameter. Stability is guaranteed by a remnant
symmetry. Very predictive scenarios!



The case of the left-right symmetric triplet

Interplay between LHC searches, mesons physics and indirect
searches with lines
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Other candidates
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General calculation of the rates for DM DM → γγ
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How about neutrino lines?
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Neutrinos are similar to photons. They point to the direction where they
were produced.

Neutrino lines can be easily disentangled from the astrophysical
background.

Queiroz, Yaguna, Weniger (2016)
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Can we really get neutrino lines from annihilating DM?
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Majorana or Scalar DM → p-wave annihilations.

We must consider Dirac DM with no hypercharge. One example is a
triplet coupled to a doublet.

At the TeV scale, gauge invariance forces us to consider the charged
lepton channels.

./Pictures/GCF2.pdf ./Pictures/dSphF2.pdf

All this is preliminary work
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How about DM decays into neutrinos?

Annihilating dark matter into neutrino lines is constrained in
multiple ways.

We can give up the WIMP paradigm and consider decaying
dark matter instead.

If neutrinos are Majorona particles, Lepton number L or (B-L)
is broken. If it is spontaneously broken there must exist a
(pseudo-)Golstone boson.

For sufficiently a large symmetry-breaking scale, the Majoron
has a lifetime larger than the age of the Universe and is
therefore a DM candidate.

Majorons decay and produce neutrino lines.
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How about DM decays into neutrinos?

Annihilating dark matter into neutrino lines is constrained in
multiple ways.

We can give up the WIMP paradigm and consider decaying
dark matter instead.

If neutrinos are Majorona particles, Lepton number L or (B-L)
is broken. If it is spontaneously broken there must exist a
(pseudo-)Golstone boson.

For sufficiently a large symmetry-breaking scale, the Majoron
has a lifetime larger than the age of the Universe and is
therefore a DM candidate.

Majorons decay and produce neutrino lines.

Camilo Garcia Cely, ULB ν lines and γ-ray spectral features in DM indirect searches



How about DM decays into neutrinos?

Annihilating dark matter into neutrino lines is constrained in
multiple ways.

We can give up the WIMP paradigm and consider decaying
dark matter instead.

If neutrinos are Majorona particles, Lepton number L or (B-L)
is broken. If it is spontaneously broken there must exist a
(pseudo-)Golstone boson.

For sufficiently a large symmetry-breaking scale, the Majoron
has a lifetime larger than the age of the Universe and is
therefore a DM candidate.

Majorons decay and produce neutrino lines.

Camilo Garcia Cely, ULB ν lines and γ-ray spectral features in DM indirect searches



How about DM decays into neutrinos?

Annihilating dark matter into neutrino lines is constrained in
multiple ways.

We can give up the WIMP paradigm and consider decaying
dark matter instead.

If neutrinos are Majorona particles, Lepton number L or (B-L)
is broken. If it is spontaneously broken there must exist a
(pseudo-)Golstone boson.

For sufficiently a large symmetry-breaking scale, the Majoron
has a lifetime larger than the age of the Universe and is
therefore a DM candidate.

Majorons decay and produce neutrino lines.

Camilo Garcia Cely, ULB ν lines and γ-ray spectral features in DM indirect searches



Majoron DM
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ν lines are the most important
decay channel of Majoron DM.

Neutrino experiments can be
used as DM detectors.
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Neutrinos also carry flavor

Majoron DM gives rise to
different flavor ratios than
astrophysical processes.

CGC, Heeck (2017)
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Charged final states
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There are final states taking place at one-loop and two-loop level.
They depend on different parameters. CGC, Heeck (2017)



Conclusions

Multi-TeV DM models predict a significant annihilation
cross-sections into gamma-rays due to the Sommerfeld effect.
Much above the canonical thermal value.

The best test to them is via their annihilation into gamma-ray
lines

Neutrino lines from annihilating dark matter are also a very
important channel, however they are in practice hard to obtain
because of multiple constraints. Work in progress

Majoron DM is a consistent framework that provides neutrino
lines as its most import signature.

Thanks for your attention!
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