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Cosmic Horizons – Microwave Radiation
380.000 years after the Big Bang

λ = 1 mm ⟺ E = 10-4 eV
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Cosmic Horizons – Optical Sky 

λ = 10-6 m ⟺ E = 1 eV
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Cosmic Horizons – Gamma Radiation
300.000 years after the Big Bang

λ = 10-15 m ⟺ E = 109 eV
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Cosmic Horizons – Gamma Radiation

λ = 10-14 m <=> E = 109 eV

Eg = 1015 eV
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e+
e-

g absorption by cosmic
microwave background

Eg = 1015 eV

Cosmic Horizons – Gamma Radiation
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The Universe is opaque to photons for ¼ of the spectrum

The energy frontier

Bartos & Kowalski, IOP eBook (2017) 

https://iopscience.iop.org/book/mono/978-0-7503-1369-8
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Cosmic Ray observed
beyond 1020 eV
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Large Hadron Collider: 
Emax= c⋅e⋅B⋅R = 7 x 1012 eV

Emax = cZeRB
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Particle accelerator around the Earth : 103 x LHC
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Particle accelerator around the sun: 107 x LHC
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Cosmic Rays 5.2σ discovery of dipole pattern 
in cosmic rays with E > 8 EeV
⇒ extra galactic sources 
Auger, Science 357 (2017) 1266
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g @ 1015 eV
e+
e-

Cosmic rays, Gamma Rays

p
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Neutrinos interact only weakly – they escape
from regions where even X-rays are absorbed

g @ 1015 eV
e+
e-

Cosmic rays, Gamma Rays & Neutrinos

n

p
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Supernova-Remnants
Microquasars
Pulsars
...

Potential galactic sources of cosmic rays 
Emax= c⋅e⋅B⋅R ~ 1015 eV



page 17

Extragalaktisch

Potential extra-galactic sources of cosmic rays 

Active Galactic Nuclei / Blazars
Tidal Disruption Events
…

Emax= c⋅e⋅B⋅R ~ 1020 eV
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IceCub
e

1 km

IceCube -
a cubic-kilometre large
neutrino observatory
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IceCub
e

1 km

IceCube -
a cubic-kilometre large
neutrino observatory
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Neutrino Signatures in IceCube

<L>=50m x Eτ / PeV

Electron neutrinos:
isolated cascades 

Tau neutrinos:
“double bang”

Muon neutrinos:
track-like events
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Open

Cosmic Neutrinos!
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A first candidate tau neutrino event

J. Stachurska, DESY
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mostly isotropic ⟹ neutrinos of extragalactic origin

Astrophysical neutrinos

Starting tracks (22)
Cascades (55)
Through-going tracks (36; >200TeV)
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Multimessenger Spectroscopy

𝛾
𝜈 CR

Similar injection energy
Same sources?



What are the sources
of our high-energy
neutrinos?
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Realtime high-energy neutrino alerts
Public alert stream running since April 2016, so far ~100 alerts

https://gcn.gsfc.nasa.gov/other/icecube_161210.gcn3
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Fermi All-Sky Variability Analysis (FAVA) https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/SourceReport...

1 von 1 21.11.17, 16:31

IC170922A

TXS 0506+056

2o

Realtime high-energy neutrino alerts
Alert #10: IceCube 1709922A 

Event coincident with known GeV gamma-ray emitting Blazar
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Realtime high-energy neutrino alerts
Alert #10: IceCube 1709922A 

Event coincident with known GeV gamma-ray emitting Blazar

p-value ~ 10-3
Aartsen et al, Science 361 (2018)
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More evidence for sources: Two neutrino 
alerts point to Tidal Disruption Events (TDEs)

p-value = 2x10-3

Stein et al. PRL (2021); Reusch et al. Nature Astronomy (2022)
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CTA

KM3NeTEnstein Telescope

IceCube-Gen2
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Conclusion

• After the first detection of high-energy cosmic neutrinos a 
decade ago, we are now identifying first likely sources

• Multimessenger techniques and instruments continuously 
improving, more detections expected, further inter-
connecting the field

• A rapidly evolving field, with broad implications for physics 
and astronomy

ZTF first light: Horsehead nebula  


