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Dark Matter Neutrino Interactions -
Motivation
We are interested in a case in which dark 
matter couples primarily to neutrinos. We 
will be agnostic to the underlying physical 
model and parametrize the interaction 
with just a cross section 𝜎. 

This can still produce relic abundance [1],
and, direct detection is inefficient [2] with
no tree-level coupling with electrons or 
nuclei.

Astrophysical and cosmological effects are 
important for these scenarios.
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[2] Blennow et al (2019)
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Time Delay Schematic
Some neutrinos will scatter and thus take longer to get to Earth. If we have a 
transient source, this will manifest as a time delay of the neutrinos.

We will consider supernovae as our transient neutrino source.  Any time delayed 
neutrinos will appear as a diffuse flux of neutrinos with typical supernova 
neutrino energies.

[3] Shoemaker, Murase (2019)
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Characteristic Time Delays

We define a characteristic time such that
𝑑Φ

𝑑𝐸௢௕௦
𝑡௖௛௔௥, 15MeV = 0.1

𝑑Φ

𝑑𝐸௢௕௦
(1 𝑦𝑟, 15 MeV)
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Earth at (-8.5,0,0)kpc 



The DMDSNB
If the characteristic delay is 
≳ 1000 years, Earth would 
experience a flux due to 
multiple supernovae. We 
will call this flux The Dark 
Matter Diffused Supernova 
Neutrino Background 
(DMDSNB)
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Milky Way Distributions
DM – NFW PROFILE [4]

 𝜌 𝑟 = 𝜌଴
௥ೞ

య

௥(௥ೞ
మା௥మ)

𝑟௦ = 24.42 kpc

𝜌଴ = 0.18 GeV cmିଷ

SN – CYLINDRICALLY SYMMETRIC 
EXPONENTIAL [5]
𝑛ௌே = 𝐴 exp −

௦

ோ೏
exp −

௛

ு

𝑅ௗ = 2.9 kpc

 𝐻 = 95 pc

 𝐴 normalized to 1 Milky Way 
supernova per century.
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[4] Cirelli et. al. (2011)
[5] Adams et. al. (2013)
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Supernova Properties
Every supernova is estimated to be identical[6]

𝑑𝑁

𝑑𝐸ఔ
∝

𝐸ఔ

𝐸

ఈ

exp
− 𝛼 + 1 𝐸ఔ

𝐸

𝛼 = 2.3

𝐸 = 16 MeV

Normalized to 3 × 10ହଷ erg in total luminosity
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[6] Mirizzi et al (2016)



Stochastic Effects

We see that for 𝑚ୈ୑ ≥
0.1 GeV, the flux 
becomes constant in 
time. Below this mass, 
the stochastic nature of 
supernovae is evident 
in the flux.
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Diffuse Supernova Neutrino Searches
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[7] Super-Kamiokande Collaboration, K. Abe 
et al. (2021)

All past supernova over cosmological 
history create the Diffuse Supernova 
Neutrino Background (DSNB). Super-
Kamiokande has placed limits on this 
flux, which also serve as a limit on ANY 
diffuse flux of neutrinos.
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Results and DSNB Fog

The DMDSNB sets stronger constraints than attenuation from SN1987A.
The grey region is the “DSNB Fog”, where the DSNB is expected to be larger 
than the DMDSNB flux (estimating all supernovae as identical).

PHENO 2025 - GUSTAFSON 10



Comparison To Other Constraints

• Cosmology: Altering Cosmic Evolution [8,9]
• Supernovae: Attenuation [10] and inputting energy into dwarf spheroidals [11]
• High Energy: Attenuation of diffuse sources [12] and point sources [13]
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Energy Distribution

The DMDSNB is expected to have a different energy spectrum than the DSNB, 
meaning that it may be observed through unexpected spectral features in the 
neutrino flux between 10 and 30 MeV. These features can indicate properties 
of the dark matter.
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Angular Distribution
The DMDSNB also has 
an angular distribution 
focused strongly 
towards the galactic 
center. If angular 
information can be 
extracted from the 
neutrino flux, that can 
help set further 
constraints.
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Conclusions
Dark matter-neutrino interactions necessarily lead to a time-delayed flux of 
supernova neutrinos.

When these time-delays are longer than the time between supernovae, this 
creates a diffuse flux nearly constant in time: The Dark Matter Diffused 
Supernova Neutrino Background.

Existing searches for diffuse neutrino fluxes can already put limits on this flux 
and the dark matter-neutrino interactions.

This idea can be applied to other transient sources and other particles. 
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Thank you!
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Backup – DSNB Estimation
𝑑Φ஽ௌே஻

𝑑𝐸௢௕௦
= ∫ 𝑑𝑧 1 + 𝑧

𝑑𝑁

𝑑𝐸ఔ
𝐸௢௕௦ 1 + 𝑧

𝑑ℓ

𝑑𝑧
 𝑅௖௖(𝑧)

𝑑ℓ

𝑑𝑧
=  𝐻଴ 1 + 𝑧 Ωஃ + Ωெ 1 + 𝑧  

ିଵ

𝐻଴ = 67.4 km sିଵMpcିଵ ; Ωஃ = 0.69 ; Ωெ = 0.31 ; 𝛼 = −0.26 ; 𝛽 = 3.28 ; 𝛾 = −7.8
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Backup – Central DM Spike
It is possible the central Milky 
Way black hole could form a 
dark matter spike.  Here we 
estimate the flux from 
neutrinos scattering within the 
spike. We can see that the flux 
is much lower than our total 
expected DMDSNB flux, as 
most supernova happen 
outside of the spike radius.
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