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Indirect dark matter detection:
Dark matter annihilates or decays into some particles and these in turn produce a flux

of γ, e±, p, p, and (anti-)neutrinos. Subsequently, these propagate from the point

where they are produced until they reach the earth.

This talk: DM → νν or DM DM → νν.

Neutrinos point to the direction where they come from.

Neutrinos are not subject to energy loses → The observation
of a line would allow to infer the DM mass.

Neutrino telescopes are expected to improve their sensitivities
in the near future.

What sort of models naturally lead to neutrino lines?

multi-TeV DM Dark Matter: Thomas Hambye’s Talk.

Majoron DM below a few TeV. CGC, Heeck (2017)
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Majoron Dark Matter

ν are Majorona particles → Lepton number is broken.
If it is spontaneously broken there must exist a
(pseudo-)Goldstone boson: Majoron.

Large symmetry-breaking scale
→ Majoron lifetime larger than the age of the Universe
→ excellent DM candidate: axion-like particle.

Below a few TeV, Majorons decay and mainly produce
monochromatic neutrinos .
Above a few TeV, three-body and four-body final states
dominate the decay. Dudas, Mambrini and Olive (2015).
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Let us see this more in detail

Consider σ = f +σ0+iJ√
2

with two units of lepton number:

L = −LyNRH︸ ︷︷ ︸
Dirac Mass Term

− 1
2N

c
RλNRσ︸ ︷︷ ︸

Majorana Mass Term

+h.c.

See-saw mechanism: Mν ' −mDM
−1
R mT

D .

The Majoron is coupled to the active neutrinos by means of

LJ '
iJ

2f

3∑
j=1

mjν jγ5νj

The couplings to charged SM fermions arise at one-loop level

Sub-GeV Majorons can be produced via Freeze-in
Frigerio, Hambye, Masso (2011) , Heeck, Teresi (2017). See Daniele Teresi’s talk.
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Neutrinos from Majoron DM

Γ(J → νν) ' mJ

16πf 2

3∑
j=1

m2
j ' 1

3× 1019 s

( mJ

1MeV

)(109 GeV

f

)2
( ∑

j m
2
j

10−3 eV2

)
.

Cosmological bound on the
DM lifetime from CMB
data Poulin et al (2014)

Adapted from searches of
diffuse supernova ν
background by Borexino,
KamLAND and SK
(for mJ < 60 MeV).

There is a gap !!! Addressed
by theorists Palomares-Ruiz (2008)

Future improvements are
expected at SK.

Also for ton-scale liquid Xe
detectors (XENONnT, LZ
or DARWIN) Lang et al (2016)

Neutrino experiments can
be used as DM detectors
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Decay into charged fermion pairs

J

J
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nj

ni

nj

ℓ

ℓ̄
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Z

ℓ, q

ℓ̄, q̄

a)

b)

LJ = iJf̄1(gS
Jf1f2

+ gP
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γ5)f2

gP
Jqq′ '

mq

8π2v
δqq′T

q
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Decay into photons (much more difficult)
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Neutrinos also carry flavor...

Astrophysical neutrinos (produced as flavor eigenstates)

ρS =

flavor-eigenstate basis︷ ︸︸ ︷αS
e 0 0

0 αS
µ 0

0 0 αS
τ

 , H ' E 11 +

mass-eigenstate basis︷ ︸︸ ︷
m2

1

2E 0 0

0
m2

2

2E 0

0 0
m2

3

2E



ρ⊕ = e−iHLρSe iHL
L� E

∆m2
i−−−−−→

flavor-eigenstate basis︷ ︸︸ ︷α⊕e · ·
· α⊕µ ·
· · α⊕τ


with α⊕ ' PαS

P``′ =
∑

i |U`i |2|U`′i |2
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Astrophysical neutrinos (produced as flavor eigenstates)

ρS =

flavor-eigenstate basis︷ ︸︸ ︷αS
e 0 0

0 αS
µ 0

0 0 αS
τ

 , H ' E 11 +

mass-eigenstate basis︷ ︸︸ ︷
m2

1

2E 0 0

0
m2

2

2E 0

0 0
m2

3

2E



ρ⊕ = e−iHLρSe iHL
L� E

∆m2
i−−−−−→

flavor-eigenstate basis︷ ︸︸ ︷α⊕e · ·
· α⊕µ ·
· · α⊕τ


with α⊕ ' PαS

P``′ =
∑

i |U`i |2|U`′i |2
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Neutrinos also carry flavor...

Neutrinos from Majoron decay
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Neutrinos also carry flavor...

The same is true for DM annihilations

Process DM DM → νν

Process DM DM → νν
with a t-channel induced by
a Yukawa interaction

Process DM DM → νν
with a Z ′ in the s-channel
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More on this in Thomas Hambye’s talk!
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Conclusions

Majoron DM is a consistent model that provides neutrino lines
as its most important signature.

Neutrino experiments can be used as DM detectors.

Another signature: the flavor structure of the lines can not be
mimicked by astrophysical neutrinos in certain cases.

Thanks for your attention!
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