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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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* The main background is muons from cosmic-rays. Digital Optical
Module (DOM) 2450 m
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* Three-different event topologies e
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Atmospheric neutrinos

The low-energy flux reaching neutrino telescopes is primarily dominated by the atmospheric neutrinos

Atmospheric neutrinos are created in the collision of
cosmic rays with the atmospheric nuclei
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Measuring the flavor composition of the flux passing through the
Earth enables the determination of neutrino oscillation parameters
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Flavor Oscillations: Mass Ordering

Combining IC measurements with other oscillation experiments we get sensitivity over unconstrained parameters

 Combining IC24+Reactors, we get a
preference for NO of Ay?* ~ 4.5

 Super-Kamiokande alone shows a
preference for NO of Ay? ~ 4.5

 Combining IC+SK+global fit results
in a preference for NO of Ay ~ 6.1
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Quantum Decoherence

In case there is new dissipative effects, the flavor oscillation get dumps
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Quantum Decoherence

By studying how the dissipative effects affect the propagation of atmospheric neutrinos, we analyzed the IceCube data
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Heavy sterile neutrino

To explain the origin of the neutrino masses, the SM can be considered as a low energy effective model
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Heavy sterile neutrino

In the presence of NV, the flavor states can be written as a superposition of massive states as
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Transition Magnetic Moment

Active and HNL states may be coupled via a transition dipole moment
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Light-Sterile Neutrinos

See Thomas Schwetz-Mangold, Claudio Silva

eV sterile neutrinos lead to a disappearance in the There is a slight preference for sterile neutrinos,
atmospheric muon neutrino flux at the TeV scale which is In tension with other measurements
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Astrophysical neutrinos

Atmospheric neutrinos Astrophysical neutrinos
10° -
: = Astrophysical
. == (Conventional Atm.
107+ === Prompt Atm.
=== Muon-Template
5 10 - | = Sum
. . 2 Exp. Data
At energies above ~10 TeV, the flux reaching the é‘ff 103 - .i + P
Neutrino Telescopes is dominated by E
astrophysical sources. e 02 T
R P
o /
'z | /
10! - g
10° E
10_} -""I L L | L L | — errrn ot "'\'"I L |
102 10 104 105 106 107

Muon Energy Proxy / GeV

R. Abbasi, et al. (lIceCube), Astrophys.d. 928 (2022) 1, 50




Through-going Muons

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

—7

O oohey Vo [10718/GeV/cm?/s/sr]

R. Naab, E. Ganster and Z. Zhang (lceCube), PoS(ICRC2023) 1064

>

W

W

N

N

103 104 10° 10°
90% CL sensitive energy range [GeV]
o p— Cascades 6yr(2020)
—— HESE 7.5yr(2021)
i Through-going - T s
tracks 9.5yr(2022) \\
0 ESTES 10yr \
(2022, prelim.) \‘
g | — GlobalFit (this work) I
]
//
Or ’
’
s
5 B // ,,
’
/
or ol L - —68% C.L. 1
-
(____——” IceCube Preliminary --- 95% C.L.
> 2.2 2.4 2.6 2.8 3.0 3.2 3.4

IceCube Preliminary

107

spectral index y




Where Do Neutrinos Come From?



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

: C _ _ e KRA?y Model — KRAg Best-Fit v Flux
* Neutrino emission from the Galactic Plane is found e KRASO Model CRASO Boct Fit 1 Flis
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* The flux from the galactic plane will contribute
between 6-13% to the diffuse flux at 30TeV
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Point Sources

The most significant source observed by IceCube is NGC 1068 with a significance of 4.20

— 10glO (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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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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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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Conclusions

* Neutrino telescopes can provide valuable information about the neutrino properties.

* By measuring of the atmospheric neutrino flux, neutrino telescopes will contribute to some of the open
questions in neutrino physics: the mass ordering.

 Atmospheric neutrinos can also be used to search for BSM signals: quantum decoherence, HNLs...

* Neutrino telescopes have also been able to identify some sources of astrophysical neutrinos.

* 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.






