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Neutrino Telescopes 

 

Physics Goals 



Physics with neutrino telescopes 

ÁSearch for the sources of high-energy cosmic rays 

ÁDark Matter and Exotic Physics 

Á  WIMPs 

Á  Magnetic Monopoles and other superheavies 

Á  Violation of Lorentz invariance 

ÁNeutrino and Particle Physics 

Á  Neutrino oscillations   

Á  Charm physics 

Á  Cross sections at highest energies 

ÁSupernova Collapse Physics  

Á  MeV neutrinos  in bursts  ­ early SN phase,  neutrino hierarchy, ... 

ÁCosmic Ray Physics 

Á  Spectrum, composition and anisotropies, shadows of moon and Sun 
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Physics with neutrino telescopes 

at source: ne : nm : nt = 1:2:0 

at Earth:   ne : nm : nt = 1:1:1 

 p + target ­ p+ + é.. 

                       ­ m+ + nm 
 

                             ­ e+ + ne + nm 
 



Neutrino Telescopes 

 

Detection Principles 



m 
nm 

How to detect high energy neutrinos  

                   The 
             traditional  
   method: 
nm charged current  



Detection Modes 

ÁMuon track from CC muon 
neutrino interactions 

ÁAngular resolution   0.1° -  0.5°   

ÁEnergy resolution from dE/dx: 
factor 2-3 

ÁCascade from CC electron and NC 
all flavor interactions 

ÁAngular resolution 2° -  15 ° 

ÁEnergy resolution ~ 15%  
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Neutrino Telescopes 

 

The Detectors 



Generation-1 devices  (0.002-0.02 km³) 

Baikal-

NT200 

Antares 

AMANDA terminated 

terminated 



Generation-2 devices  (km³ scale) 

Baikal- 

GVD 
KM3NeT 

IceCube completed 2010 

under construction 
data taking with ~50% detector size 

under construction 



Generation-3 device  (10 km³ scale) 

IceCube-Gen2 Start construction ~ 2026 



Worldwide Common Effort  



Worldwide Common Effort  

ÁExchange knowledge, software, people 

ÁDevelop common strategy 

ÁCombine data  (skymaps, ..) 

ÁCross check of results 

ÁCooperate in multimessenger and alert 
programs 

ÁTopical Workshops 

ÁMonthly Newsletter 



  The pioneer: NT200 in Lake Baikal 

Á8 strings 

Á192 PMTs 

ÁHeight 72 m 

ÁDiameter 42 m 



  1996  

A textbook  underwater  neutrino  event   



70 m 

450 m 

2500m 
Å  885 PMTs  

Å 12 strings 

Å Operating in final  

   configuration     

   since  2008 

  ANTARES 



IceCube Neutrino Observatory 

 
Á~220 n/day 
ÁThreshold 

     - IceCube    ~ 100 GeV 

     - DeepCore    ~10 GeV 
 

 

IceTop air shower detector 
81 pairs of water Cherenkov tanks 

 
 
 

IceCube  
86 strings including 8 Deep Core strings 
60 PMT per string 
 
 
 
 

DeepCore 
8 closely spaced strings 

1450m 

2450m 

2820m 



Cosmic Rays and 

Atmospheric Muons 

 



Cosmic Rays and Atmospheric Muons 

ÁSpectrum of Cosmic Rays  (air showers with IceTop) 

ÁSpectrum, Composition and Anisotropies of Cosmic 
Rays (muons with IceCube, air showers with IceTop) 

 

ÁShadow of moon and  Sun with muons (ANTARES 
and IceCube) 

                     a) detector calibration                                             
.                        (angular resolution and  absolute pointing) 

                     b) solar magnetic fields 

 



Shadow of the moon 

ÁIceCube with the first 59 of the final 86 strings  Phys. Rev. D 89, 102004 (2014)      

 

                                                                                                                          Angular resolution ~ 0.7° 

                                                   .                                                                                                       
.                                                                                                      Angular offset < 0.2° 

 

 
 

 

ÁANTARES   Eur. Phys. Journal C 78 1006 (2018) 

 

                                                 Angular resolution ~ 0.7° 

                                                 Angular offset  < 0.5° 



Shadow of the Sun 

ÁIceCube (2018, 2020) Temporal variation over seven years  

 

    late 2010                                                                   
.   - early 2017 

 
ApJ, 872 (2019) 133 and 

more recently  arXiv:2006.16298 



Shadow of the Sun 

ÁIceCube (2018, 2020) Temporal variation over seven years  

 

     



 Atmospheric Neutrinos 

 



Atmospheric neutrinos in IceCube (2 years) 
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Atmospheric neutrinos in IceCube (2 years) 

.. and ANTARES 
 
 
 
 
 
 

            arXiv:1308.1599 

 



Using atmospheric neutrinos to measure ̀  ˄at > TeV 

IceCube Coll.: Measurement of the multi-TeV neutrino cross section 
with IceCube using Earth absorption  Nature 551 (2017) 596 and arXiv:1711.08119 


