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Why Neutrino Telescopes?

Neutrinos traverse space without deflection or attenuation
- they point back to their sources;
- they allow for a view into dense environments;

- they allow us to investigate the universe over
cosmological distances.

Neutrinos are produced in high-energy hadronic processes
— distinction between electron and proton acceleration.

Neutrinos could be produced in Dark Matter annihilation.

Neutrino detection requires huge target masses
— use naturally abundant materials (water, ice).
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The Principle of Neutrino Telescopes

Cerenkov light:
Role of the Earth: = In water: 8. = 43°
= Screening against all particles = Spectral range used: ~ 350-500nm.
except neutrinos.

= Atmosphere = target for production
of secondary neutrinos.

Neutrino reactions (key reaction is VHN—> uX):

= Cross sections and reaction mechanisms known from accelerator
experiments (in particular HERA).

= Extrapolation to highest energies (> 100 TeV) uncertain.
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Neutrino Interaction Signatures

|
= Neutrinos mainly from 1r-py-e decays,
roughly ve:v,:iv,=1:2:0; v 0 ’
= Arrival at Earth after oscillations: \/ muon trac
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= Key signhature: muon tracks ' w
from v, charged current reactions | -

(few 100m to several km long); &;j? hadronic
= Electromagnetic/hadronic showers: shower

“point sources” of Cerenkov light.
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Muons: The Background from Above

Muons can penetrate several km of water if E, > 1TeV,;
Identification of cosmic v's from above: needs showers or very high energies.
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Particle and Astrophysics with v Telescopes

Neutrino Oscillations:

Direction, Energy, Flavor

Low-energy limit:

®* short muon
range;

* only few photo
sensors give
signal;

i i4r3 sea water:

K background
prohibitive.

Intrinsic limit, can

only be overcome

with specialized,
very densely

High-energy limit:
* fluxes decrease

Dark matter search (WIMPs): as B2 .. B3,

Direction, Energy . Lagaiq%eaeezzggg

Cosmic point sources: Ultimate volume
Direction, (Energy) (at least) one
cubic Kilometer.

Diffuse cosmic neutrino flux:
(Direction), Energy
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... and also: GZK-neutrinos

instrumented Z bursts
detector. magnetic monopoles
topological defects
top-down scenarios
supernova detection
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intensity  log, [E°®(E)(GeV cm s 'sr”)]

Diffuse v Flux: Limits and Sensitivities
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Neutrinos from Astrophysical Point Sources
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Association of neutrinos to
specific astrophysical objects.

Energy spectrum, time
structure, multi-messenger
observations provide insight
Into physical processes
Inside source.

Searches profit from very
good angular resolution of
water Cerenkov telescopes.

km3 detectors needed
to exploit full potential of
neutrino astronomy.
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