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The development of  Cherenkov
High Energy Neutrino Telescopes

“Dreamers” and pioneers   in the Soviet Union 

Francis Halzen: ICRC-2019



IMB  detector  (proton decay)





Francis Halzen: ICRC-2019Super-Kamiokande
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“prompt” 
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Atmospheric Neutrinos  (pi/K decay)







High Energy
Starting Events





HESE track Through-going track



Disentangling an

 Astrophysical Neutrino signal

from 

Atmospheric neutrino  foreground

1. Angular distribution

2 Energy distribution

3. Flavor Content

4.  Use of “Veto”  [for down-going neutrinos]





Zenith angle Energy

Through-going muons
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IceCube
Astrophysical 
signal

HESE

Muons



spectral-index



Neutrino Flavor  at the source.

1.  “Standard Production”

2.  “Muon damped"

3.  Neutron decay
Difcult to produce
neutrons without
charged pions

[usual “benchmark examples”]







“Double-Double” tau-neutrino  event
[double- cascade + double pulse waveform]



   Studies of  PARTICLE PHYSICS
    with very high energy Neutrinos

Very High Energy

Very Long Path-length
(extragalactic) 

Very large  (astrophysical) uncertainties  about
source spectra



Potential to study 
non-standard  neutrino propagation properties



  General  
  superposition of 

New physics efects can fll
the “forbidden”  area 









IceCube  result

Based on
up-going muons



Comparing the Gamma-ray  and the Neutrino sky













“ We encourage follow-up by ground
 and space-based instruments”  













Ranking all
Fermi Blazars
TXS 0506+056 = 80th 

















 Cosmogenic 
 Neutrinos

“invisible”  region
 UHECR 
 production



HESE

Muons

“GZK”Neutrinos
(old, optimistic model) 

Protons (AMS)

Cosmic Rays 
   (EAS)

(angle integrated Spectra)





Very strong case to  develop  Neutrino  telescopes
beyond the “beaded string - km3  concept”
aiming at  the EeV  range
[Radio attractive technique  with this  potential]
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