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Solar neutrinos
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SN1987A
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Acceleration
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Thermodynamics

Relativity
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Origin of cosmic rays?

cosmic ray spectrum
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Possible cosmic particle accelerators

Galactic

• Supernova remnants

Extra-galactic

• Active Galactic Nuclei

Missing link with cosmic rays
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Astro-particle physics
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Astro-particle physics
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Dark matter
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mass states
=

“what you get”

weak states
=

“what you see”
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Neutrino telescope
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The case for TeVPeV neutrino astronomy
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electron neutrinomuon neutrino

Neutrino detection
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Neutrino detector
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IceCube

GVDKM3NeTAntares

Global Neutrino Network

17

http://www.globalneutrinonetwork.org/


IceCube GVD Antares KM3NeT

Status
completed

2011
under

construction
completed

2007
under

construction

Location South Pole Lake Baikal Mediterranean Sea

Medium ice lake sea

Light transmission 𝜆𝑠 < 𝜆𝑎𝑏𝑠 𝜆𝑠 ≫ 𝜆𝑎𝑏𝑠 𝜆𝑠 ≫ 𝜆𝑎𝑏𝑠

Resolution
nm
ne

0.4 deg
10 deg

0.5 deg
2 deg

0.4 deg
2 deg

0.1 deg
1.5 deg

Noise extremely low medium medium

PMT size (QE) 10” (25%) 10” (35%) 10” (20%) 3” (30%)

Neutrino telescopes
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Multi-messenger astronomy

19

p, He, ..

n

g

cosmic rays

gamma rays

neutrinos?
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IceCube IceCube
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galactic planepoint sources

(point) source(s)
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spin dependent cross section

Dark matter
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Supernova remnantIceCube signal

Future – KM3NeT
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Future

• Point sources / catalogues
 origin of cosmic rays
 energy spectra
 morphology of sources

• Galactic plane
 probing interactions of cosmic rays 

with matter

• Neutrino flavour composition
 tau appearance
 Glashow resonance
 test of fundamental physics

• Atmospheric neutrinos
 determine neutrino mass hierarchy

• cosmogenic neutrinos
 see GZK cut-off

• Supernova monitoring
 link with astronomy

• Dark matter
 links with particle physics, 

astrophysics and cosmology

• Long baseline experiments
 Protvino to KM3NeT

• Serendipity
 Earth and sea sciences
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