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Indirect DM search

e Neutrinos can escape from dense environments.
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e Capture DM by Earth;

e DM annihilation;

e Propagation inside Earth(Tau-regeneration);

e Draw upper limits by comparing with IceCube observation.



Earth Captures DM

Spin-independent dark
matter-nucleon cross-section
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Very Heavy Dark Matter:
> 100 TeV

e far below the geometric limit;

e Single scatter regime
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DM annihilation capture rate
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Unlike Sun, equilibrium is not reached inside Earth.




DM annihilation XX — T 7 |or|v,D,| Simulated by xarov
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e incorporate electroweak showering through Pythia8.2; > Propagation

e turning off the decay of 7 leptons. CDF simulation



Propagation: Tau Regeneration

v, + N —>17 +X

7 leptons have a very short
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Propagation: TauRunner

Safa et al, 2021, arXiv:2110.14662

=7 TAURUNNER

Preliminary Reference
Earth Model (PREM)

Propagate from Earth’s center to surface: Ionization; Bremsstrahlung; Photonuclear;
Pair-Production

Flux at Earth surface of all flavors
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Propagation: TauRunner

Safa et al, 2021, arXiv:2110.14662
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Preliminary Reference
Earth Model (PREM)

Propagate from Earth’s center to surface: Ionization; Bremsstrahlung; Photonuclear;
Pair-Production

Flux at Earth surface of all flavors
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More attenuation:

7 has larger chance to
undergo photonuclear
interactions in Earth’s
dense core.
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Propagation - -
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IceCube HESE 7.5 years

High-Energy Starting Events: Interaction vertices inside the detector volume (> 60 TeV)

CC:

Charged Current
NC:

Neutral Current

Martin Mocker, 2022

Track Double-Cascade
v, CC, v CC (low v, CC v, CC (high energy,
energy), NC (all) E, 2 1PeV)

At lower energy, T decays too quickly -> Single Cascade;
At higher energy, 7 travels far enough -> Double Cascade.
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IceCube HESE 7.5 years

Category E <60TeV E > 60TeV Total 21077 || 105 Gev 108 Gev
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Draw the Limits TS(Tamn) = —Z{IHE(Fann) — lnﬁo} >2.71

Example of Likelihood Analysis
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Draw the Limits
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Draw the Limits
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Email: dingt2@unlv.nevada.edu

Conclusion arXiv:2505.09673 [hep-ph]

We present a new search for very heavy dark matter annihilation in the
Earth's core using tau neutrino signals.

Neutrino propagation 1s simulated with electroweak showering and tau
regeneration using TauRunner.

Using IceCube's 7.5-year HESE data, we set upper limits on the
spin-independent DM—nucleon cross section, focusing on cascade and
double-cascade events in the northern sky.

Our results extend constraints at PeV—EeV scales, and future detectors like
IceCube-Gen2 can improve sensitivity further.
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Why spin-independent?

e Interact with the entire nucleus coherently, not just the spin;
e Most of Earth’s nuclei have even numbers of protons and neutrons, so they

have low or zero spin — very weak spin-dependent interaction rates.

Element Main Isotope Protons Neutrons Nuclear Spin
Oxygen 169 8 8 0 (even-even)
Silicon 2B 14 14 0 (even-even)
Magnesium 24Mg 12 12 0 (even-even)
Iron e 26 30 0 (even-even)
Nickel 58Ni 28 30 0 (even-even)
Sulfur 82g 16 16 0 (even-even)

Calcium ey 20 20 0 (even-even)
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Single Scattering VS
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Multi-Scattering

Earth is optically thin.

center of the Earth:
o local escape velocity is highest
o a lower (more negative)

gravitational potential
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EFnergy Loss during Tau Regeneration

1

1
T photonuclear energy loss B . B ~ 4.2 % 10° cm = 4.2 km
length "7 Bp T (0.8x10°F)-3
Lost 63% of its energy.
Tau Decay T~ — v, + (other particles)

Neutrinos carry 30-40% of tau’s energy.
Charged Current v,+ N —-71 + X

Tau takes ~80% of neutrinos’ energy
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