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M.Markov :
we propose to install detectors 
deep in a lake or in the sea and 

to determine the direction of 
charged particles with the help 

of Cherenkov radiation.



• lattice of photomultipliers neutrino

a muon neutrino produces a muon
with a range of kilometers



standing on the shoulder of giants

1987: DUMAND test string



Lake Baikal experiment observes atmospheric neutrinos di
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Berezinsky and Zatsepin:
1 neutrino per year in a
fully efficient km3 detector
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above 100 TeV

• cosmic 
neutrinos

• atmospheric
background
disappears

atmospheric neutrcosmic
100 TeV

dN /dE ~ E−2

10-102 events per
year for a fully

efficient km3 detector

Neutrino
2012
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ultra-transparent ice below 1.35 km



instrument 1 cubic kilometer of natural ice below 1.45 km





photomultiplier
tube -10 inch
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architecture of independent DOMs
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… you looked at 10msec of data !

muons detected per year:

• atmospheric*    µ  ~ 1011

• atmospheric**   n à µ          ~ 105

• cosmic              n à µ         ~  120

* 3000 per second ** 1 every 6 minutes
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2.6 ± 0.3 PeV
inside detector

recent 5.3 PeV event
10~20 PeV neutrino



electromagnetic shower initiated by an electron or tau  
neutrino with energy > 1,000 TeV



electron and tau neutrinos

muon neutrinos



high-energy starting events – 7.5 yr

oscillations of PeV neutrinos over cosmic
distances to 1:1:1



a cosmic tau neutrino: livetime 17m 



the first Glashow resonance event:

anti-ne + atomic electron à real W at 6.3 PeV
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partially contained event with energy of 6.3 PeV



• energy measurement understood
• identification of anti-electron neutrinos 
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IceCube 170922 launches 
discovery
of the first 
cosmic ray
accelerator
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IceCube 170922 

Fermi
detects a flaring
blazar within 0.06o

MAGIC
detects emission of
> 100 GeV gammas



cosmic ray accelerator TXS 0506+056: blazar models fail



search in archival 
IceCube data:

• 150 day flare in 
December 2014 of
19 events (bkg <6)

• 2.10-5 bkg.probability

• spectrum E-2.1



TXS 0506+056 is a
galaxy merger

“We thus observe
the interaction
between jet
features that cross 
each other’s paths.”




