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Neutrino Telescopes

PhysicgGoals



Physics with neutrino telescopes

Search for the sources of higgnergy cosmic rays

Dark Matter and Exotic Physics
A WIMPs

A Magnetic Monopoles and other superheavies

A Violation of Lorentz invariance

Neutrino and Particle Physics
A Neutrino oscillations

A Charm physics

A Cross sections at highest energies
Supernova Collapse Physics

A MeV neutrinos in bursts- early SN phase, neutrino hierarchy, ...

Cosmic Ray Physics

A Spectrum, compositiorand anisotropies shadowsof moon and Sun
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Physics with neutrino telescopes

Search for the sources of higgnergy cosmic rays
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Neutrino Telescopes

Detection Principles



The
traditional
method:
n_chargedcurrent




Detection Modes

Cherenkov cone spherical Cherenkov front
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Muon track from CC muon Cascade from CC electron and N(
neutrino interactions all flavor interactions
AAngularresolution 0.1° - 0.5° AAngularresolution 2° - 15°
AEnergyresolution from dEdx: AEnergy resolution ~ 15%

factor 2-3
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Neutrino Telescopes

The Detectors



Generationl devices (0.0020.02 kms3)
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Generation2 devices (km3 scalg
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Generation3 device (10 km3scalg
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Worldwide Common Bfort
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Thepioneer. NT200 in Lak8alkal

A 8 strings

A 192 PMTs

A Height 72 m
/A Diameter 42 m




Atextbook underwater neutrlno event
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lceCube Neutrino Observatory
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Q:-—:P'Efii}i-.- <— IceTop air shower detector

81 pairs of water Cherenkov tanks

lceCube

86 strings including 8 Deep Core strings
60 PMT per string

1450m it

DeepCore

A4 8 closely spaced strings

A ~220n/day

A Threshold
-lceCube ~ 100 GeV
- DeepCore ~10GeV



CosmicRaysand
Atmospheric Muons



CosmidRaysand AtmosphericMuons

Spectrumof CosmidRays (air showerswith IceTop)

Spectrum Compositionand Anisotropiesof Cosmic
Rays(muonswith IceCubeair showerswith IceTop

Shadowof moon and Sunwith muons(ANTARES
andlceCube)

a) detector calibration
(angularresolution and absolutepointing)

b) solarmagneticfields




Shadowof the moon

A lceCubewith the first 59 of the final 86 strings Phys Rev D 89, 102004 (2014}
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Shadowof the Sun

lceCube (2018, 2020) Temporadriation over sevenyears

late 2010
-early 2017

ApJ872(2019 133and
more recently arXiv:2006.16298




Shadowof the Sun

lceCube (2018, 2020) Temporadriation over sevenyears
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Atmospheric Neutrinos



Atmospheric neutrinos inceCub&a2years
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Atmospheric neutrinos inceCub&a2years
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Usingatmosphericneutrinosto measure ,at >TeV

lceCube Coll.: Measuremef the multi-TeVneutrino cross section
with lceCube using Earth absorptioRature 551(2017)596 andarXv:1711.08119



