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Dark Matter indirect detection: neutrinos and gamma-rays 

• Dark Matter particles can decay/annihilate producing: 
• Neutrinos travel in straight lines 
 (IceCube and ANTARES/KM3NET) 

• Gamma-Rays are reprocessed 
 (Fermi-LAT, H.E.S.S., CTA,…) 
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Neutrino and Gamma-Ray 
Telescopes could provide 

important information 
about the nature of Dark 
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Neutrino Telescopes provide different data samples 

• HESE - High Energy Starting Events 

• 82 events in 6 years 
• Full sky 
• High energy threshold
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Neutrino Telescopes provide different data samples 

• HESE - High Energy Starting Events 

• 82 events in 6 years 
• Full sky 
• High energy threshold 

• MESE - Medium Energy Starting Events 

• 388 events in 2 years 
• Full sky 
• Low energy threshold
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Neutrino Telescopes provide different data samples 

• HESE - High Energy Starting Events 

• 82 events in 6 years 
• Full sky 
• High energy threshold 

• MESE - Medium Energy Starting Events 

• 388 events in 2 years 
• Full sky 
• Low energy threshold 

• Up-going muon neutrinos 

• 500 000 events in 8 years 
• Mainly Northern sky (up-going) 
• Very high energy threshold
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Neutrino Telescopes provide different data samples 

• HESE - High Energy Starting Events 

• 82 events in 6 years 
• Full sky 
• High energy threshold 

• MESE - Medium Energy Starting Events 

• 388 events in 2 years 
• Full sky 
• Low energy threshold 

• Up-going muon neutrinos 

• 500 000 events in 8 years 
• Mainly Northern sky (up-going) 
• Very high energy threshold 

• ANTARES 

• 33 events in 9 years 
• Energy up to ~ 300 TeV Energy [TeV]1 20 100
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The neutrino flux: what are we observing? 

• Atmospheric background 

• Penetrating muons 
• Conventional neutrinos (pions and Kaons) 
• Prompt neutrinos (charmed mesons) 

• Astrophysical neutrinos 

• Extragalactic sources (isotropic) 
• Neutrino flavour ratio (1:1:1)
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The astrophysical neutrino flux is 
parametrized by a power-law 

The Fermi acceleration mechanism 
predicts a spectral index equal to 2.0

d�astro

dE⌫d⌦
= �0

✓
E⌫

100TeV

◆��

3

Atmospheric Neutrinos

Atmospheric Muons

Bkg. + Signal Best-fit

105 106 107
10-1

100

101

102

Deposited Energy [GeV]

Ic
eC
ub
e
ev
en
ts
pe
r2
07
8
da
ys

Ev
en

ts
 p

er
 2

07
8 

D
ay

s

Energy [GeV]           

atm. 𝜇
atm. 𝜈

astro.

IceCube 
ICRC17



4

Tension with single power-law

IceCube 
ICRC17

Tension with the simplest assumption of a single power-law: the observed 
neutrino flux is given by two contributions dominating at low (100 TeV) and 
high energies (PeV), respectively. 

• Discrepancy (3𝜎) between the up-going 
muon neutrinos and the other data 

• More neutrinos at                   TeV 

• Asymmetry between North and South
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Combining IceCube and ANTARES
We performed a goodness-of-
fit test to scrutinize the null 
hypothesis of a single power-
law neutrino flux: 

• The smaller the p-value, the 
less probable is the null 
hypothesis; 

• The two data samples are 
combined by using the Fisher’s 
method; 

• The ANTARES data reduce the 
p-value by a factor of 2-3.
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The addition of the ANTARES data further strengthens the tension 
with the up-going muon neutrino fit

spectral index

disfavoured!
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The low-energy excess
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We assume as benchmark a spectral 
index equal to 2.0. Such a value is 
compatible with: 

• s t anda rd Fe rm i acce le ra t i on 
mechanism 

• up-going muon neutrino observations 

• viable astrophysical sources

low-energy excess! 

Dark Matter at 100 TeV?



In addition to the atmospheric background, we assume two-component flux: 

The Dark Matter contribution mainly depends on: 

• halo density profile of Milky Way 

• Leptonic/hadronic final states

Neutrino flux: our assumption
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Analysis on Angular Distribution

Decaying or Annihilating 
Dark Matter?
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Results

The main results of the analysis are: 

• Disfavor the correlation with the Galactic Plane; 
• Annihilating Dark Matter excluded for some choices of parameters.

9
MC, Miele, Morisi, Vitagliano, PLB 757 (2016)



Forecast
Few hundreds neutrino events are required to exclude a Dark Matter 
explanation of the low-energy excess.

Decaying DM
Annihilating DM

�2
0 = 106

MC, Miele, Morisi, Vitagliano, PLB 757 (2016)
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Decaying Dark Matter
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The Fermi-LAT measurements of the Isotropic 
Gamma-Rays Background (IGRB) provide 
strong constraints to Dark Matter models.
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Decaying Dark Matter
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The Fermi-LAT measurements of the Isotropic 
Gamma-Rays Background (IGRB) provide 
strong constraints to Dark Matter models. 

STRONGEST LIMITS: Cohen et al., PRL17
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Annihilating Dark Matter

MC, Miele, Morisi, JCAP 1701
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The main results are: 

• annihilating Dark Matter is 
almost excluded. 

• hadronic final states highly 
disfavoured.
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Main results
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astro. γ=2.0
DM χ → τ+τ-

105 106 107
10-1

100

101

102

Energy [GeV]

Ic
eC
ub
e
ev
en
ts
pe
r2
07
8
da
ys atm. 𝜇

atm. 𝜈

astro. 𝛾=2.0

Dark Matter
� ! ⌧+⌧�

MC, Miele, Morisi, 
PLB 773 (2017)

Decaying leptophilic 
Dark Matter

The low-energy excess can be explained by Dark Matter: we have 
investigated a consistent model allocating a neutrinophilic decaying Dark 
Matter candidate.
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Neutrinophilic Dark Matter
The main features of the studied model allowing only for Dark Matter decays 
into a neutrino line are: 

• a scalar Dark Matter embedded into a SU(2) triplet 

• the requirement of a new global symmetry in the leptonic sector 

• a low-reheating temperature of the Universe of about 1 TeV
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The significance of the Dark Matter signal ranges from 2𝝈 to 4𝝈, depending on the 
value of the spectral index of the astrophysical power-law.
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The tension among different data samples strongly suggest a two-
component neutrino flux. 

First combined analysis of the latest IceCube and ANTARES data: 

• the tension with the single power-law hypothesis is strengthened; 

• both experiments show a 2.6𝝈 excess in the energy range 40–200 TeV. 

The low-energy excess can be explained in terms of dark matter: 

• decaying leptophilic Dark Matter models are still viable; 

• a consistent neutrinophilic dark matter model is not easy to realize in a 
minimal framework. 

More statistics (IceCube-Gen2 and KM3NeT) and multi-messenger 
observations/analyses are crucial.
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Thank you for your attention
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Combined analysis: IC + ANTARES
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Decaying Dark Matter (MESE)
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