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The High-Energy Invisible Universe



 

Opaque to photons

Our Universe is “Invisible” at the Highest Energies



 

JCAP01(2016)037

● Composition-dependent distance of resolving 
power

● Nearby Sources?
● Attenuation creates neutrinos!

Localizing Sources with Cosmic Rays 

Nearby HE Gamma-Ray Sources 

LHASSO Collaboration

● Nearby Sources Observed 
(few dozen)

● Must be unobscured



 

Doesn't have to be intergalactic density

Opaque to photons
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Obscured Sources

BAT AGN Spectroscopic Survey

Sometimes (often?) the most 
energetic particle production 
sites have the most density 
of “stuff” around them
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Maybe even in our own Galaxy?

https://asd.gsfc.nasa.gov/archive/mwmw/mmw_images.html
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There must be more high-energy 
astronomical objects out there 

observable with neutrinos 
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Gamma Rays
- Fermi
- IACTs

Other EM Telescopes

Gravitational Waves
- LVK

- NANOGrav 

Neutrinos

Sources detected only in 
neutrinos

Sources detected
in neutrino-EM coincidence

Goal of Multi-Messenger Astronomy

GOAL:
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What do we gain? = What questions can we answer?

● What is making UHECR?
● Are there HE astronomical objects that only neutrinos can trace?
● What is the gamma-ray-neutrino relationship?
● How are neutrinos accelerated to TeV/PeVs?

● AGN Core vs Jet?
● Which source types? What makes some sources “special” within their types?
● GRB has no neutrinos?

● Mass Hierarchy
● Cross section measurements beyond accelerator energies 

● Which QCD model correctly predicts muon multiplicity?
● Oscillation measurements at long and extreme baselines

● BSM effects of flavor oscillation (quasi-Dirac, decoherence)
● Monopoles 
● Sterile neutrino signatures

● DM signatures via HE neutrinos
● Primordial neutrinos?

astronomy

cosmology particle physics
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High Energy Fluxes Are Small
M. Ackermann et al 2015 ApJ 799 86

Various neutrino fluxes

Arguelles, Halzen, Kurahashi, PRX (2025)
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Need Large Detectors

ANTARES (2007-2022) IceCube (2011- )

Images credit:  ANTARES collaboration Images credit: IceCube  collaboration
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Need To Overcome Background

● Atmospheric muons and neutrinos many 
orders higher rate

● No veto (~ish), no beam, 
source(s) unknown in location/time

● Overburden is what it is (~2.5km)

Neutrino Telescopes must combat enormous background rates

We had to wait for statistics and/or 
develop smarter ways to process the data! 

Background Rates at IceCube Trigger:
Atmospheric Muons     > 109 x signal rate
Atmospheric Neutrinos > 103 x signal rate
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Successful Decade!
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Gamma Rays
- Fermi
- IACTs

Other EM Telescopes

Gravitational Waves
- LVK

- NANOGrav 

Neutrinos

Sources detected only in 
neutrinos

Sources detected
in neutrino-EM coincidence

EM: wide range of telescopes that 
target 

- different wavelengths
- different FOV

We need wide ranges of 
Neutrino Telescopes too!

Goal of Multi-Messenger Astronomy

GOAL:
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TRIDENT

Baikal-GVD

KM3NeT
P-ONE

IceCubeIceCube-Gen2

HUNT

Global Neutrino Telescopes
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New Hemisphere New Comers
Huge telescopes in the South China Sea

Leverage existing facilities

Images: courtesy P-ONE collaboration

Pathfinder strings deployed and recovered

Pacific Ocean Neutrino Explorer
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Expanding Volume of 
Neutrino Telescopes

Courtesy: Q. Liu (Queens) ICRC2023
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Conclusions

There are so many questions in the 
HE invisible Universe

Neutrino telescopes can provide 
answers in the next decade

Women Observing Stars（ 1936） Ota Chou
National Museum of Modern Art, Tokyo

Naoko Observing Stars and Galaxies (2012) South Pole
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