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Neutrino telescopes at the MeV-TeV energy range
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Neutrino telescope arrays 
will give detailed light curve for SN neutrinos

Supernova
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Neutrino telescope arrays 
are pushing the threshold down to GeV

Low energy (GeV-TeV) cosmic sources



Water Cherenkov detectors are 
good for detailed measurements
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𝝼

e-

- Pointing with elastic scattering channel
- Detailed event-by-event energy 

information

Low energy (GeV-TeV) cosmic sourcesSupernovaSolar



Liquid scintillator detectors can measure low 
energy (low-MeV)
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Pre-supernova 
neutrinos

SupernovaSolar



Liquid Argon (DUNE) will measure
supernova neutrinos (not anti-neutrinos)

Supernova
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Borexino (finished)

JUNO (future)

100 Ton

20 kTon

Super-Kamiokande (current)

Hyper-Kamiokande
(future)

50 kTon

250 kTon

IceCube (current)
1 GTon

IceCube-Gen2 (future)
10 GTon

KM3Net 
(coming online)
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Solar neutrinos (Borexino)
SN1987aWhat do we know today?

SupernovaSolar Low energy (GeV-TeV) cosmic sources

https://www.nature.com/


Solar neutrino astronomy goals
Looking for new physics in the solar upturn

Vacuum

Matter

Determining the composition of 
our Sun with neutrinos

Solar



IceCube

Hyper-Kamiokande

1987a

Supernova light curve in neutrinos

Supernova



Why measure with better statistics?
Tamborra+ 14

SASI – shock instability

19
O’Connor 2015 (GR1D), 40M (1D)

Sharp cutoff  when black 
hole formsN
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Extending the horizon for 
supernova neutrino detection

Ando, Beacom, Yüksel 05

Hyper-Kamiokande

Supernova



The next supernova neutrino observation will 
benefit from complementary technologies

Water Ice/sea Argon Scint
𝝼e ✔ ✔ ✔

𝝼e (✔) ✔

𝝼x ✔

Low energy ✔

Pointing ✔

Energy info ✔ ✔ ✔

How many events? Super-K
10,000

IceCube
790,000

DUNE
3,000

SNO+
7,000
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IceCube

x2
x2

Daya Bay

Borexino, LVD
Super-K, 
KamLAND

HALO

Miniboone
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SuperNova Early Warning System 

KM3NeT

Supernova



New information and capabilities 
with SNEWS2.0
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- Pre-supernova alerts
- Triangulation for pointing
- Readiness (Fire drills)
- Discussion of  multi-messenger strategy
- Lower threshold for false alarm rates2.0

Supernova



Diffuse supernova neutrino background will bring 
robust supernova neutrino measurements

Can measure average temperature 
of  the supernova

Can measure how 
many supernova result 
in black holes

Supernova



GeV-TeV transients: 
How do we capitalize on our full energy range?

ANTARES

IceCube
KM3NeT

Super-Kamiokande

Thanks, Gwen! Low energy (GeV-TeV) cosmic sources



Thanks, Gwen! Low energy (GeV-TeV) cosmic sources

Tight timing coincidence with transients 
– suppress the (huge) atmospheric background Weak and hard to reconstruct events

- Big benefit with machine learning



Summary

• Neutrino astronomy at the MeV-scale: the original multi-messenger, 
extragalactic neutrino events, now in the precision era
• Solar monitoring with neutrinos
• Supernova neutrinos (when they arrive) will allow us to probe details of inner

dynamics of the system or could reveal hidden supernova (black holes)
• Neutrino astronomy at the GeV-scale is arriving.
• Water Cherenkov experiments are still too small, but are scaling up
• Neutrino telescopes like IceCube and KM3NeT are developing new 

techneques which can be sensitive to transients
• Neutrino astronomy at the GeV-TeV scale also needs special attention
• Some sources are TeVatrons, not PeVatrons. Needs special consideration.


