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Glashow Resonance

Cross section for s-channel W boson production via CC 
and NC DIS, and the Glashow Resonance.

Feynman diagram for the 
Glashow resonance process 

observed at IceCube.

• Possible neutrino origins:
• Atmospheric
→ Expect 2∙10-7 events over 4.6 yrs
→ 1 event in 40 million years (unlikely)
• Cosmic
→ This event: 5.2σ
→ More events: >8σ
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IceCube – The Detector

• 1km3 Čerenkov detector
• 5160 DOMs (optical sensors)
• 86 strings

• 1500m below the South Pole

• Most sensitive to muons and muon 
neutrinos
• Penetrating
• No scattering
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Where are the neutrinos from?

A typical interaction resulting in cosmic ray 
neutrinos.

• Signatures of cosmic neutrinos
• High energy (TeV/PeV)
• Neutrinos + lower energy EM shower
• No muon acompanying
• Energy spectrum of neutrino flux: 

𝑑𝑁

𝑑𝐸
~𝐸−γ → Calculate spectral index γ

• Where are the neutrinos from?
• GRB?
• Supernova?
• Elsewhere?
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Methodology

νμ

νμ

νμ

Earth as passive 
shielding

Upgoing tracks in 
detector

Study arrival directions 
of neutrinos

Background Mitigation

Atmospheric 
muons

Upgoing tracks – use 
Earth as shield

Atmospheric 
neutrinos

Constant background, 
spectral index (γ)
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Results

Spectral Index:
• Atmospheric γ : 3.7
• M77 γ : 3.2 ± 0.2 
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Results

Spectral Index:
• Atmospheric γ : 3.7
• TXS 0506+056 γ : 2.37 ± 0.09 
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Are neutrinos from galaxy cores?

• Protons accelerated in accretion disk
• Interactions with corona produce showers

• Corona has high density of X-rays and 
matter

• Different opacity to protons and photons: 
𝜎𝛾 ≈ 1000𝜎𝑝

• Large opacity required for neutrino production 
• Suppression of photon flux guaranteed

• Luminosity of M77 suggests 𝑅 ≈ 10𝑅𝑠
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Next steps

P-ONE

BDUNT

KM3NeT

IceCube 2

TRIDENT

(TRopIcal DEep-sea
Neutrino Telescope)
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Summary and Conclusion

Proposed mechanisms 
explain missing high 
energy neutrino flux

First high energy source 
of cosmic neutrinos 

discovered

Progress requires better 
sky coverage and angular 

resolution
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