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Outline
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• Motivation

• Cosmic ray mystery

• Neutrino Telescopes and IceCube

• Selected Results and Searches

• Astrophysical Neutrino Search & Search for BSM 
Physics & Solar Atmospheric Neutrinos

• Outlook

• IceCube Upgrade and overcoming the neutrino 
pointing challenge

• An observatory for the next decades

• Conclusions
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The Cosmic Ray Mystery
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Victor Hess
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~20km altitude
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Victor Hess

stratospheric balloon

~40km

Victor Hess 1912

collision point of 
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Surface of the Earth
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Energies and rates 
of cosmic ray 

particles

TA SD 11years @ 
ICRC2019 

Cosmic Rays
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~5km altitude
Victor Hess

Telescope Array / 
Auger

Delta, Utah
. ~1400 m
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Cosmic Rays
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• Cosmic ray spectrum 
extremely well 
measured (TA, Auger, 
…)

• Where are they 
coming from ?

• What cosmic sources 
accelerate these 
particles to energies 
well beyond that 
reached at LHC ?

Cosmic rays have been observed with energies up to 1020eV (100EeV) or 
107 LHC beam energies

F.Schroeder @ ICRC2019
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Victor Francis Hess 

Discovery of 
cosmic-rays

1936
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Atmospheric Neutrinos
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Cosmic rays interact in the upper atmosphere:

p + A → π± (K±) + other hadrons  ... 
π+→μ+νμ→e+νeνμνμ

IceCube Collaboration Phys. Rev. Lett. 110 (2013) 151105 /1212.4760v2


