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You are probably familiar with cloud chamber
Check out the scintillator demo at the back of the physics museum in Chamberlin
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Diffuse 
flux

Directly from sources
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• 1956 discovery of neutrinos

• 1962 discovery of UHECR 10^20 eV

• 1964 discovery of CMB

• 1969 theory cosmogenic neutrinos

Cosmogenic 
neutrinos

See Paolo’s talk on cosmic rays
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Astrophysical 
neutrinos
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IceCube design report
2001
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2013 - when the 
discoveries began
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• No significant point sources

• -> diffuse measurement 

(all sky 4pi)

* More recent point-source 
results see talk from Francis 
(hint: many since 2013!) 
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Fast forward… key diffuse results from the 
past decade
• Astrophysical diffuse spectrum 

• Atmospheric nu flux, seasonal variations 

• Galactic plane diffuse flux

• Cosmogenic limits

• Flavour measurement 

• Cross section

• Inelasticity 

• Glashow resonance (nu/nubar)

• Wishlist:  earth tomography (on-going) / charm detections / CC vs NC…
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What we observe –
secondaries of neutrino 
interactions with matter

Deep inelastic neutrino-nucleon scattering

• Charged current and neutral current interactions 
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Signal:Background~1:10million
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Southern sky advantage: self-veto
(slide stolen from Tom Gaisser)  

Argument applied to HESE, MESE, ESTES, cascade etc diffuse measurements 
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All energy flux
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Galactic plane 
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Cross section measurement using Earth as the target 
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In-earth flux attenuation



Cross section 

• Both tracks and 
cascades

• Reaching energies 
beyond accelerators 
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Inelasticity 
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Neutrino oscillations over cosmic baselines

• 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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Neutrino-electron scattering 
at a neutrino energy of 6.3 PeV, the centre-of-mass energy 
(80.5 GeV) is large enough to produce a real W boson

The Glashow resonance
A factor of 300 boost
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W boson (Glashow) resonance – first hint of 
electron anti-neutrino 

Discovery of antimatter, positron 
Carl Anderson via cloud chamber, 1932 

W boson resonance , nuebar 6.3 PeV
IceCube, 2021

Nature 591, 220–224 (2021)
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(atmospheric) Neutrino weather!
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Lead by Aachen group



Charm-on going searches
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Produced in the atmosphere Produced in the ice through DIS



The global fit 
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Gen2 Diffuse
see talk from 
Albrecht
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Conclusions 

Discovered diffuse flux

Are there energy/flavour dependent 
features?

Tau and Glashow started to show up

Particle physics measurement

Future: global fit and combine all 
samples together
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ICEcuBEAR
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https://icecube.wisc.edu/n

ews/outreach/2020/10/fr

om-outer-space-to-south-

pole-to-your-phone-new-

ar-app-for-icecube/


