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-  What is dark matter (DM)?

- What SM particles does DM 
interact with?


- How does it interact?


Thermal production of WIMPs in 
early Universe implies possible 
ongoing self-annihilation of DM.


Strongest constraints are in 
place from the absence of any 
signal in X-ray & gamma-rays 
from the Milky Way. 


Dark Matter Annihilation to Neutrinos

Neutrino portal: the most invisible channel, hardest to detect, 
difficult to rule out!



3

Neutrino portal to Dark Matter

Indirect dark matter signatures in 
the neutrino sector:


•  Features in geo, solar, 
atmospheric, and cosmic 
neutrino spectra


•Anisotropies in high-energy 
neutrinos due to DM-
Neutrino interaction.


•  Features in the diffuse SN 
neutrino background.
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The Universe in Neutrinos

Chapter 2

The Neutrino as a Messenger

Particle

“[...], which means that they propagate essentially unchanged in
direction and energy from their point of origin [...] and so carry

information which may be unique in character.”

— Frederick Reines (1960) [11]
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Figure 2.1 — Neutrinos from Natural Sources. Shown are predicted spec-
tra of the cosmic neutrino background (C⌫B) [37], solar neutrinos [38],
terrestrial neutrinos [39], the supernova 1987a and the di↵use super-
nova neutrino background [40], atmospheric neutrinos [41], neutrinos
from active galactic nuclei (AGN) [42–44] and from gamma ray bursts
(GRB) [45], and cosmogenic neutrinos (GZK) [46].
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DM Annihilation to Neutrinos 
Galactic component
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Flux of neutrinos from dark matter annihilation in the Milky Way:

J ≡ ∫ dΩ∫l.o.s.
ρ2

χ (x)dx,

J-facror: 3d integral over the 
target solid angle in the sky 
and the line of sight

thermally averaged DM 
annihilation cross section
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for direct annihilation 
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DM Annihilation to Neutrinos 
Extragalactic component
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An isotropic neutrino signal is expected from DM annihilation in 
every other halo in the universe:

Time-dependent Hubble parameter

Halo boost

Production spectrum
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Neutrinos Signal from DM Annihilation
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Direct DM annihilation to neutrinos would create spikes in 
atmospheric and cosmic neutrino flux 
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Experiments
3

Energy Range Experiment Directionality Detected Flavor
2.5� 15 MeV Borexino ⇥ ⌫̄e (IBD)
8.3� 18.3 MeV KamLAND ⌫̄e (IBD)
10� 100 MeV JUNO ⌫̄e (IBD)
15� 103 MeV SK ⇥ ⌫̄e (IBD)
0.1� 104 GeV DUNE HK ⇥ All Flavors
1� 104 GeV SK ⌫µ, ⌫̄µ (CC)
20� 104 GeV IceCube All Flavors (NC)
50� 105 GeV ANTARES ⌫µ, ⌫̄µ (CC)
0.2� 100 TeV CTA All Flavors
> 100 PeV RNO All Flavors

10� 104 GeV IC-Upgrade All Flavors
> 10 PeV IC Gen-2 All Flavors

10� 104 TeV KM3Net All Flavors
1� 100 PeV TAMBO ⌫⌧ , ⌫̄⌧ (CC)
> 100 PeV GRAND ⌫⌧ , ⌫̄⌧ (CC)

TABLE I: Summary of current and future experiments discussed in this work for di↵erent energy

ranges. The table also indicates whether the experimental analysis used directional information and which neutrino
flavors it relied on.

FIG. 1: Limits on p-wave, h�vi = b(v/c)2, velocity-dependent annihilation cross-section of dark matter to two
neutrinos. The cross section needed to explain the observed abundance for thermal DM is h�vri = 6 ⇥ 10�26 cm3/s.

relic abundance for 10 MeV masses. In fact, our analysis
of the recent SK phase-IV data (?) is within a factor
of a few from the relic abundance expected value. Sim-
ilarly, with the realization of a cubic kilometer detector
in the Northern Hemisphere, the sensitivity in the TeV
energy range gets close to the thermal relic expectations.

Beyond the expected thermal relic cross section there are
some intriguing hints for dark matter that could be tested
with neutrinos, here we mention a few.

The EDGES collaboration recently reported an abnor-
mally low-temperature absorption feature in the 21 cm
global spectrum at a redshift of z ⇠ 17 (?). A suggested
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Constraining the DM parameter space
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Constraining the DM parameter space 
‣ Low Mass
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Constraining the DM parameter space 
‣ High Mass
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Summary
Neutrinos could present the key portal from Standard Model to 
the dark sector.

The limits in the neutrino sector are complementary to the ones 
from photons and charged lepton searches.

Neutrinos offer a unique opportunity to probe for new physics, 
especially at high energies.

Thanks to the experimental advances in neutrino detections, we 
are able to obtain a comprehensive set of limits on dark matter 
annihilation directly to neutrino-antineutrino pairs, for a DM 
mass range spanning 15 orders of magnitude.

Future neutrino experiments will be closing in on the parameter 
space of direct dark matter annihilation to neutrinos.



Thanks!



Back up Slides
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Uncertainties
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Constraining the DM parameter space 
‣ p-wave < �v >= b(v/c)2
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Constraining the DM parameter space 
‣ d-wave < �v >= d(v/c)4
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