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IceCube Neutrino Observatory – Birdseye view 

SouthPole StationIceCube Lab
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The IceCube Neutrino 
Observatory 
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5160 light sensors buried under
Cherenkov radiation to detect flashes of light resulted in neutrino interactions 5



>99% detector uptime
<0.05% sensor drop-out per year

REAL-TIME TRIGGER ~2.5KHZ SINCE 2011 



High energy neutrinos: the window to the 
extreme Universe 

7



Astrophysical diffuse spectrum 
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Phys. Rev. D 104, 022002 (2021)



It’s coming together – the GlobalFit 
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arXiv:2107.10003

Stay tuned 

https://arxiv.org/abs/2107.10003


First hint of W boson resonance in data 
(Glashow resonance)

Identified muonic component from the hadronic shower

Nature 591, 220–224 (2021)

10angular uncertainty contour shrinks by a factor of 5 with hybrid reco

By measuring nu/nubar -> probe source 
environment directly (magnetic field, 
pp/pgamma)



Possibly spotted astrophysical nutau events

• For the first time tau candidates in 
data

• Observed high-energy tau 
neutrinos mainly due to neutrino 
oscillations through astronomical 
distances. 
• Sensitive probe for physics beyond 

the Standard Model

https://arxiv.org/abs/2011.03561, publication in preparation 
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https://arxiv.org/abs/2011.03561


Future - Deep learning nutau with CNN
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PhD thesis, D. Pankova 2021

Stay tuned 



Neutrino Astronomy with 
multimessenger partners

IceCube is both a triggering and following-up detector.
Welcome new collaborations (roc@icecube.wisc.edu)

Median delay ~33s

Gamma-ray

X-ray

optical

Gravatational Wave

Iridium

Science Vol. 361, Issue 6398, pp. 147-151
Science Vol. 361, Issue 6398, eaat1378

IC170922A
Spatial and timing 
coincidence with 
Fermi flare from 
TXS0506+056 5.7 billion light year 13



Opening southern sky 

• Traditionally alerts are from the north going through/skimming Earth
• New cascade alert though with larger angular uncertainty, provides high 

purity events from the southern sky. 
• Upcoming ESTES, PeV down-going tracks further improves sky coverage.

14https://gcn.gsfc.nasa.gov/doc/High_Energy_Neutrino_Cascade_Alerts.pdf



First hint of a steady neutrino 
point source

10 year all-sky point source:
NGC 1068, 2.9σ rejection to 
background-only hypothesis. 
0.35° from the most significant 
excess in the northern 
hemisphere.
PRL 124, 051103 (2020)

Results from improved data 
coming soon
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10 years of IceCube data now publicly 
available at NASA’s HEASARC archive

16https://heasarc.gsfc.nasa.gov/W3Browse/icecube/icecubepsc.html



Lots hints of 
interesting 
physics from 
IceCube – need a 
bigger detector to 
do precise 
measurements
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IceCube Gen2
Gentoo penguin 

See talks from Kael, Carsten and Roxanne



Diffuse – Does the spectrum continue? Single 
power law? If not, any hints on pgamma/GZK?... 
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Including radio component 
aiming at the highest energies Expect to see 

~10 x number of sources 

PB Price 1995 9510119



Ultra-high-energy 
neutrino and sources?
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10.1103/PhysRevLett.126.191101 J.Phys.G 48 (2021) 6, 060501

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.126.191101&v=5477c5ad


Conclusions 
IceCube has been in operation over a 
decade with >99% uptime.

Discovered diffuse neutrino flux, started 
Neutrino Astronomy, first hint of tau 
neutrinos, W boson resonance, transient 
source (TXS0506+056) and steady point 
source (NGC1068). 

IceCube Gen2 is in R&D – aiming at 
explore our Universe from GeV to EeVs. 

Results not included in the talk:

Searches for dark matter, magentic monopole and sterlie 
neutrinos. Measurements of cross section and inelasticity. 
And many more. 21



• Augmented reality 
app on mobile phones 
to visulise IceCube 
neutrino alerts
• Get notifications when 

alerts hit – with a few 
minutes delay from 
the GCN notice  
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https://icecube.wisc.edu/news/outreach/20
20/10/from-outer-space-to-south-pole-to-
your-phone-new-ar-app-for-icecube/

https://icecube.wisc.edu/news/outreach/2020/10/from-outer-space-to-south-pole-to-your-phone-new-ar-app-for-icecube/
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24New discoveries 


