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High-Energy Neutrinos

We focus on the high-energy part of the flux, which is very small and therefore requires large detectors
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lceCube is a neutrino telescope in the south pole.
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Through-going Muons

Atmospheric neutrinos Astrophysical neutrinos
lceCube has measured the astrophysical muon-neutrino 106 - |
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Point Sources

Further away from our galaxy, the most significant source observed by IceCube is NGC 1068 with a significance of 4.2¢

— 10%10 (plocal)

e The analysis is optimized for searching tracks from
the Northern Hemisphere
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Point Sources

Beyond NGC 1068, IceCube has identified more candidate sources

These sources contribute no morethan ~ 1 %

The most significant point sources
J P to the total diffuse flux measured.
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Knowing the energy, flavor, and travel distance of these neutrinos opens up the possibility to explore their fundamental




Pseudo-Dirac neutrinos

To explain the origin of the neutrino masses, the SM can be extended by adding right-handed neutrinos
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In case that the Majorana mass is smaller than the Dirac mass term
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Pseudo-Dirac neutrinos

In this analysis, we consider the most significant candidate sources observed by lceCube

A dip in the neutrino spectra of several The pseudo-Dirac scenario can be explored with a
sources will robustly indicate this scenario. high significance by combining several sources.
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Astrophysical Neutrinos and CvB

On their way to the Earth, astrophysical neutrinos must pass through a large flux of CvB neutrinos
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Astrophysical Neutrinos and CvB

In the case of neutrinos-non standard interactions, the astrophysical neutrino flux will also be suppressed
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Beyond the PeV Scale

Several experiments are already looking for GZK neutrinos or they will do it in the near future.

Diffuse Flux, 1:1:1 Flavor Ratio
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https://indico.uchicago.edu/event/427/contributions/1377/attachments/540/814/TrinityAtTevPA2024.pdf

ALPs

Axions were proposed to address the strong CP problem, but they can solve various other questions in physics
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ALPs

The interaction of an axion flux with BGB can Range of masses and couplings that can explain
generate a polarized radio pulse the two anomalous events observed by ANITA
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Conclusions

Neutrino telescopes have already detected astrophysical neutrinos, and these measurements can
provide valuable insights into neutrino properties.

To fully extract information about neutrinos, we need to consider all available observables, such as
energy, travel distance, and flavor.

Considering the most significant point sources, we explored the sensitivity to the pseudo-Dirac
scenario, finding that 1072'eVZ < 6m? < 107 '%eV2 can be explored with more than 3o significance.

The vast distances covered by these neutrinos opens up the possiblity to search for NSI

Beyond neutrinos, neutrino telescopes can also be used to search for other BSM scenarios such as
ALPs, among others.






Galactic Plane

* The highest neutrino production in the galaxy is expected near the Galactic Center

* Three models of Galactic diffuse neutrino emission have been considered, differing in energy spectrum and
emission location.
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Galactic Plane

In our galaxy, the highest emission is expected near to the galactic center

KRAg Model — KRA,5y Best-Fit v Flux
KRA%O Model B KRA?YO Best-Fit v Flux

70 Model 70 Best-Fit v Flux
at4.50 777 IceCube All-Sky v Flux (22)

e Neutrino emission from the Galactic Plane is found

* The flux from the galactic plane will contribute
between 6-13% to the diffuse flux at 30TeV
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Pseudo-Dirac neutrinos

In the scenario where M, < < M, the active neutrinos can be written as a superposition of two massive states
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Assuming the astrophysical flux follows a power law
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Combined Analysis

Tracks and cascades represent two independent data samples that can be combined into a global
determination of the astrophysical flux
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Electron and Tau Neutrinos

lceCube has searched for astrophysical events using cascades

 This analysis is dominated by v, and v,

* The astrophysical neutrino flux at Earth assumes an equal
number of neutrinos and anti-neutrinos, with an equal flavor
composition

* The energy range considered spans from 16 TeV to 2.6 PeV

 Cascades from all the sky are included.
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