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Event example (in moving picture form!)

10

https://docs.google.com/file/d/1MoZSNN-IKGezI2wad9aJkf1ULA4pcacJ/preview


What does this look like in detector data?
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http://www.youtube.com/watch?v=vTya9hoKsfM


What does this look like in detector data?
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Cascades in action!
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http://www.youtube.com/watch?v=i4yq-7WB768


So you build a high-energy neutrino detector?

Why should I care??
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10 ms of data in IceCube 😵 
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https://docs.google.com/file/d/12awyZ8LqMfmDmaPh6hzREk-M6hZqFAlm/preview


Signals and Backgrounds 

-Atmospheric muons: 
1011 events per year

-Muons from 
atmospheric neutrinos: 
105 events per year

-Muons from 
astrophysical 
neutrinos: 120 events 
per year
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Event selection

-To remove any atmospheric 
muon contamination, we have 
specific event criteria that needs 
to be passed such that we only 
collect neutrino data
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Event selection (interactive bit) 
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Event selection (interactive bit) 
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Event selection (interactive bit) 
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Event selection (interactive bit) 
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Event selection (bonus question)
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Cascade



Event selection (bonus question)
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💥
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We don’t expect to see 
atmospheric neutrinos at PeV 
energies  



First IceCube results

-Completely unexpectedly, two very 
high energy events were found!
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First IceCube results

-Completely unexpectedly, two very 
high energy events were found! (and 
named)
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First IceCube results

-Completely unexpectedly, two very 
high energy events were found! (and 
named)
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But where are these high-energy neutrinos coming from??
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Neutrino source example: Active Galactic Nuclei 
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Blazar
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The significance of 
such a coincidence is 
3σ
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First significant neutrino source: TXS 0506+056

- TXS 0506+056 was found to have an excess of 13 ± 5 high-energy neutrino 
events above the expectation of atmospheric backgrounds between 
September 2014 and March 2015, giving the blazar a significance of 3.5σ
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Second significant source: NGC 1068

-The Seyfert galaxy NGC 1068 was 
recently announced (as of January 
2023) to have been found as a 
neutrino source with 4.2σ 
significance from 79 (+22 -20 
uncertainty) more events than 
expected from the atmospheric and 
diffuse astrophysical neutrino 
backgrounds
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Galactic plane neutrinos
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Future prospects: IceCube Gen2 
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Active volume of 8 km3!



 There’s a lot of IceCube science that we don’t have time 
to cover! 
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Conclusion

-It’s exciting time for neutrino astronomy!

-Neutrinos are useful astrophysical messengers but they are hard to detect!

-IceCube discovered a diffuse flux of high energy astrophysical neutrinos in 2013

-The most significant neutrino sources so far are AGNs NGC 1068 and TXS 
0506+056 and our own galaxy!

-Lots of exciting neutrino astronomy to come!
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Thank you!

53IceCube Collaboration in Madison, WI (2022)


