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Motivation

According to Λ𝐶𝐷𝑀 ∼85% of the matter density 
of the universe is made up dark matter.

So far, we haven’t been able to determine what 
it is, the focus has been on GeV scale WIMPs.

Due to lack of evidence, the search field is 
being expanded in energy, both up and down.

Ultra-High-Energy neutrinos, can be used for
indirect dark matter detection.
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Dark Matter Detection
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MW DM Halo
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Dark Matter Capture

As the Earth travels through the Milky Way it passes 
through the galactic halo of dark matter.

Scattering can cause a loss of energy, potentially 
trapping the DM particle gravitationally.

We focus on the capture coming from dark matter 
interactions with nuclei.
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Capture Rate of Dark Matter in the Earth
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The capture of DM can de described by:

For nucleon capture, we can define the 
capture rate as:

𝐶𝑖 =
6

𝜋

𝜌𝜒𝜎𝜒𝑖

ҧ𝑣𝑚𝜒
න
0

𝑅

𝑑𝑟 4 𝜋 𝑟2
𝜌𝑖 𝑟

𝑚𝑖
𝑣𝑒𝑠𝑐
2 𝑟 1 −

1 − 𝑒−𝒜𝑖
2 𝑟

𝒜𝑖
2 𝑟

𝐶 =෍

𝑖

𝐶𝑖

Where the capture rate for element i is:

𝜌𝜒 = 0.3 GeV cm−3

ҧ𝑣 = 270 km s−1



Decay and Annihilation Rates
Decay (Annihlation) changes the rate 
of dark matter accumulation:
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At equilibrium we get:



Radial Density of Dark Matter
Trapped DM accumulates around the core.
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Far from the core the amount of DM is negligible.



Neutrino Fluxes from Dark Matter
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Neutrino Flux from Dark Matter Decay

We use HDMSpectra to get the initial 
neutrino fluxes from DM decay.

𝑚𝜒 = 108 GeV
𝜈𝜏 flux enhanced by 𝜏-regeneration.

ҧ𝜈ℓ + 𝑁 → ℓ+ + 𝑋

𝜈ℓ + 𝑁 → ℓ− + 𝑋

𝜈ℓ +𝑁 → 𝜈ℓ + 𝑋′

HDMSpectra arXiv: 2007.15001

𝜒 → 𝜈ℓ + ҧ𝜈ℓ

Propagation through the Earth 
attenuates the flux.

Solid – At the time of decay
Dashed – Propagated to detector



UHE Neutrino Background Fluxes
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The UHE looked for in other searches becomes a 
background to our signal. Along with background 
from other DM decays.

Galactic DM

Extra-Galactic DM

Astrophysical



Detection at IceCube-Gen2 Radio

Graphic from arXiv 2204.04237



Predicted Event Rates

𝜏𝜒 = 1029s

𝜎𝜒𝑁 = 10−37cm2

𝑇 = 10 years

0.99 < cos 𝜃𝑧 ≤ 1



Conclusions

Currently working on producing 
potential limits of 𝜏𝜒 vs 𝑚𝜒

Low event rates – Higher than
the expected backgrounds



The End
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IceCube Gen2 Radio
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