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Cosmic rays, gamma rays and neutrinos

Consistent with our understanding of particle physics



Why astrophysics is important for particle physics 
⚫ Historic discoveries of positron, muon, pion, kaon
⚫ Solar neutrinos and atmospheric neutrinos
⚫ Dark matter and dark energy
⚫ Extreme density and extreme energy for testing 

particle physics

Why particle physics is important for astrophysics
⚫ Essential for understanding and modelling the 

astrophysical phenomena
⚫ Essential for propagation and detection
⚫ New physics leads to testable predictions

Interplay between particle physics and astrophysics
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Resonance in colliders

HiggsMesons, Z boson
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Cosmic ``accelerator and collider’’

Acceleration

Collision
& Detection

Propagation
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The Glashow resonance

~TeV

Even before Glashow’s 
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(one year later)
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The Glashow resonance

~TeV

Atmospheric

On-shell 

production

Even before Glashow’s 

electroweak theory 

(one year later)
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The Glashow resonance
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The Glashow resonance

6.32 PeVE 

6.33 PeVE 

SM prediction

CDF anomaly
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The Glashow resonance

6.32 PeVE 
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How to detect?



Water/Ice Cherenkov telescopes

IceCube, South Pole ANTARES, Mediterranean

DUMAND, Pacific AMANDA, South Pole Baikal, Lake-Baikal

Markov, ICHEP 60 (1960) 578
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A map of  water/Ice Cherenkov telescopes 

Antares
Since 2007
𝑽𝐠𝐞𝐨~𝟎. 𝟎𝟐𝐤𝐦

𝟑

AMANDA
Around 2000
𝑽𝐠𝐞𝐨~𝟎. 𝟎𝟐 𝐤𝐦

𝟑

IceCube
Since 2010
𝑽𝐠𝐞𝐨~𝟏 𝐤𝐦

𝟑

Baikal-NT200
Around 2000
𝑽𝐠𝐞𝐨~𝟏𝟎

−𝟒 𝐤𝐦𝟑

More ancient detector 
strings are not shown 

NESTORNEMO

DUMAND
Around 1990 

𝑺𝐞𝐟𝐟~𝟑𝟎𝟎𝐦
𝟐

Test operation

World Map from Wikipedia
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A map of  water/Ice Cherenkov telescopes 

Antares
Since 2007
𝑽𝐠𝐞𝐨~𝟎. 𝟎𝟐𝐤𝐦

𝟑P-ONE
By 2030
𝑽𝐠𝐞𝐨~ 𝟑 𝐤𝐦𝟑

AMANDA
Around 2000
𝑽𝐠𝐞𝐨~𝟎. 𝟎𝟐 𝐤𝐦

𝟑

IceCube
Since 2010
𝑽𝐠𝐞𝐨~𝟏 𝐤𝐦

𝟑

Baikal-NT200
Around 2000
𝑽𝐠𝐞𝐨~𝟏𝟎

−𝟒 𝐤𝐦𝟑

Baikal-GVD
By 2025

𝑽𝐞𝐟𝐟~𝟏. 𝟓 𝐤𝐦𝟑

Already taking data

IceCube-Gen2
By 2030
𝑽𝐠𝐞𝐨~𝟖 𝐤𝐦

𝟑

KM3NET
By 2024

𝑽𝐞𝐟𝐟~𝟐. 𝟓 𝐤𝐦
𝟑

World Map from Wikipedia

More ancient detector 
strings are not shown 

NESTORNEMO

DUMAND
Around 1990 

𝑺𝐞𝐟𝐟~𝟑𝟎𝟎𝐦
𝟐

Test operation
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Here?
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MC

Energy posterior

Water/Ice Cherenkov telescopes
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MC

Energy posterior

Water/Ice Cherenkov telescopes

How many events are we supposed to expect?

#𝐞𝐯𝐞𝐧𝐭 ~ 𝚽ത𝝂𝒆 × 𝝈 × 𝑵 × 𝑻
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Effect 1: Doppler broadening
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Effect 1: Doppler broadening
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Effect 2: Initial state radiation

Why initial state radiation could also be important for neutrino telescopes?

Collinear enhancement



e e  − + − +→+ +

hep-ph/9601224
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Effect 2: Initial state radiation
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Leading-order parton splitting functions

Structure function Xsec without ISR

Leading-order parton splitting functions
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Cross section

2023-05-31 Guo-yuan Huang 20

Radiative return



Cross section
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Radiative return

How many events are we supposed to expect?

#𝐞𝐯𝐞𝐧𝐭 ~ 𝚽ത𝝂𝒆 × 𝝈 × 𝑵 × 𝑻
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Nu production

Collision
& Detection
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Nu production

Collision
& Detection
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Flavor composition of  UHE Neutrinos
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Flavor composition of  UHE Neutrinos
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Inference of  the fraction
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Projection of  future Cherenkov telescopes

+Baikal-GVD ,KM3Net (2025) 
+IC-Gen2, P-ONE, TRIDENT (2030)

By 2040

(Definition of fraction differs)
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Auger
H.E.S.S. and moreLHAASO

Air shower neutrino telescopes
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GYH et al., JCAP02(2022)038

Glashow resonance potential
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GYH et al., JCAP02(2022)038

Glashow resonance potential

Glashow 
resonance

6.3 PeV
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Glashow resonance potential TAMBO

500 𝐤𝐦𝟐



TAMBOGlashow resonance potential

ത𝝂𝒆

𝑾

500 𝐤𝐦𝟐

11%

D. Fargion, A. Aiello, and R Conversano, astro-ph/9906450

D. Fargion, Astrophys. J. 570, 909–925 (2002)

GYH and Q. Liu, JCAP 03 (2020) 005



Glashow resonance potential

ത𝝂𝒆 𝐬𝐞𝐧𝐬𝐢𝐭𝐢𝐯𝐢𝐭𝐲

TAMBO 10 years
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Glashow resonance potential
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Resonances from new physics?

GYH et al., JCAP02(2022)038 
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Resonances from new physics?
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Resonances from new physics?
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See also T. Jezo et.al. 

Phys. Rev. D 89 (2014), 077702



Conclusion
⚫ The observation of the Glashow resonance is not only

another test of the yet robust Standard Model, but also
provides us information about sources.

⚫ The candidate event observed by IceCube can already
rule out the 𝜇-damped p𝛾 source at the 2σ level.

⚫ Besides the water/ice Cherenkov telescopes, air shower
neutrino telescopes in principle can also be sensitive to
the Glashow resonance. However, we find the
sensitivity is poor for a rather aggressive setup TAMBO.

⚫ Resonances induced by new physics can arise in those
telescopes. The sensitivity is good around PeV neutrino
energies. However, when going to EeV energies, we will
lose the sensitivity.



Many thanks!
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