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High Energy Astrophysics

Neutrinos: energy frontier, tracing back to first interactions, cosmological baseline
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Particle astrophysics: studying particle showers created by nature
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Neutrino production kinematics
governed by pion threshold.
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absorptlon at the source or in background light

pushes very high-energy y-rays to lower energies



Recent Point Source Results from IceCube and Their Implications for the Origin of High-Energy Neutrinos
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Multimessenger Perspectives on High-Energy Cosmic Neutrinos
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Hadronic Interaction Models at the Highest Energies
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The Pacific Ocean Neutrino Experiment
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LHAASO: Recent Results and Implications on Hadronic PeVatrons.
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IceCube: Recent Results on Diffuse Astrophysical Neutrinos
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Latest Results from Super-Kamiokande
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Measuring the Neutrino Flavor Ratio from the Galactic Plane with IceCube
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Probing Earth’s Core Density with Atmospheric Neutrinos at IceCube Neutrino Observatory
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After a decade of data taking (2011 to 2024)
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Extragalactic Multimessenger Connection: Current

« 10-100 TeV shower data: large fluxes of ~107 GeV cm2 s-1 sr
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Fermi diffuse y-ray bkg. is violated (>3c) if v sources are y-ray transparent
— Requiring hidden (i.e., y-ray opaque) cosmic-ray accelerators
(v data above 100 TeV can still be explained by y-ray transparent sources)
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Features 1iffuse neutrino flux

Evidence of spectral curvature
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NGC 1068; The 1st steady Neutrino Source

S
.........
....................

b 7

_______

Declination
_|_
[\
-

=)
o

24h

Declination [deg]

41.0 40.6 40.2
Right Ascension [deg]

UNLV

Kontrimas, TeVPA 2024

Ali Kheirandish.

APost trial ~4
sigma

ABright Seyfert
galaxy with hard
X-ray flux



Cosmic obscured accelerators

~14Mpc, Logly 2-10keV~42.9 erg/s

Gamma Rays (photons) and Neutrinos

We know that neutrinos
and gamma rays are produced
together

Neutrinos are coming out
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Gamma rays
are missing
- and it is not a surprise.

(1) Y. Inoue et al., ApJL'20
(2) K. Murase et al., PRL'20

Neutrinos escape dense gas region: excess neutrinos but gamma rays are attenuated / absorbed



SED for NGC 1068 and NGC4151
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Consistent hints from point source and diffuse

KM, Kimura & Meszaros 20 PRL
Kimura, KM & Meszaros 21 Nature Comm.
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Neutrinos at the highest energies

From bothlceCubeand KM3NeT observatories

3 events with neutrino energy > 5 PeV over a decade of data taking B
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Neutrinos at the highest energies

10_7;

10~8 -

p—
3
Ne)

IceCube 9yr °*

mm— [ceCube 12.6yr

Auger, !
2023 %, I

. pa
= Ahlers 2010 1EeV

Kotera SFR
Murase v = 2.0

KM3-230213A

s
“

..y
“

=== yan Vliet 2019

.

"

N\ .

Sensitivity

« Ahlers 2012

Murase v = 2.3

107

lllll'

108

10?
E, / GeV

010 ol

Vedant Basu

KM3NeT candidate
AssumingO spectrum:
AO ccm PeV

A Strong prior dependence, large
energy uncertainty

Expect O~70 events fromiceCube
assuming KM3Nebestfit

Tension relaxes when doing joint
analysis at ~3 sigma 14
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Galactic particle accelerators

The search for Galactic cosmic neutrino sources concentrates on the search for

“Pevatrons” which have the required energetics to produce cosmic rays up to
the knee in the spectrum.

“Pevatrons” will produce pionic y-rays whose spectrum extends to several
hundred TeV without cut-off.

Supernova remnant meet such condition.
TeV y-rays should be accompanied by TeV neutrinos, observable at IceCube.
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Galactic neutrinos
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FlavoumMmeasurement
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SuperK eyes on galactic GeV electron neutrinc
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something new... (most of our astrophysical searches have emphasized muon neutrinos, especially upward-going)
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Search for Astrophysical Electron Neutrinos in Multi-GeV Sample

motivated by IceCube evidence for cascade events from galactic plane
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