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First a Personal Story, 
then IceCube, 
then ANTARES KM3NeT Baikal GVD, 
then the field, 
then the future
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Photo: 
Jim Madsen

First Galactic Plane 
analysis from IceCube
(IC40+59)

Discussion of “guaranteed 
neutrinos”

But the backgrounds!
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Backgrounds In IceCube
Data from Fermi-LAT (2012) ApJ 750 3

IceCube Phys. Rev. Lett. 
124, 051103 (2020)
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north
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Background Domination

Background Rates:

Atmospheric Muons     > 109 x signal rate
Atmospheric Neutrinos > 103 x signal rate

Backgrounds to first order are all 
muons

Muons make tracks, not cascades
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Phys. Rev. Lett. 124, 051103 (2020)

Track Events         Cascade Events 

@ 100 TeV
Angular Resolution: < 1o

Energy Resolution: ~ factor of 2

@ 100 TeV
Angular Resolution: > 10o

Energy Resolution: 10%
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Why not search sources with 
cascade events?

Pros
● Suppressed background
● Lower energy threshold
● Flavor ratio 

Cons
● Inferior pointing
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Skymap from 2017 paper Skymap from 2019 paper

Improving Astronomy with Cascade Events

2 years of data
Galactic Plane p-value: 65% 

7 years of data
Galactic Plane p-value: 2.1% (2σ) 

10 years of data
Galactic Plane p-value: 0.0004% (4.5σ) 

Science 380 (2023) 1338
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The Milky Way

First time, a non-EM view of our Galaxy!

In Neutrinos!!!

Science 380 (2023) 1338

https://asd.gsfc.nasa.gov/archive/mwmw/mmw_images.html
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ANTARES Hints of Galactic Ridge
ANTARES Collaboration, Phys. Lett. B, 841 (2023)

2.0σ (~ 4%) p-value

2.2σ (~ 2%) with Tracks Only
0.2σ (~ 44%) with Cascades Only
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KM3NeT ARCA Catching Up
L.A. Fusco, V. Tsourapis, F. Filippini, E. Drakopoulou, C. Markou, A. Sinopoulou, E. 
Tzamariudaki on behalf of the KM3NeT collaboration (Neutirno 2024)
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ANTARES Template Analysis
    PoS ICRC2023 (2023) 1084
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Baikal-GVD

Excess of HE cascade events at low Galactic latitudes
2.5σ (1.4%) p-value with no trials

 ArXiv:2411.05608 (2024)
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Now that we see it, the questions...

https://asd.gsfc.nasa.gov/archive/mwmw/mmw_images.html

● Are there point sources mixed 
in with diffuse emission?

● Which ones? How much?
● Energy spectrum?
● Template discrimination?
● How does it compare to multi-

wavelength emissions?

Science 380 (2023) 1338
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Diffuse Flux vs Resolved Sources

Nothing new (gamma rays for example)

… but we have no known Galactic neutrino sources
so everything is unresolved sources

Known source 
contribution

Fermi-LAT (2012) ApJ 750 3
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Science 380 (2023) 1338

These are not individual 
energy bins!

A model fit → only 
normalization allowed to 
float!
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Science 380 (2023) 1338

    PoS ICRC2023 (2023) 1084
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Future of Galactic Neutrino 
Observations
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Galactic Neutrino Astronomy Reach

 Phys. Rev. D 109, 
043007 (2024)

A. Ambrosone, K. M. 
Groth, E. Peretti, and M. 
Ahlers
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Atmospheric

Galactic
- good pointing (energy 
  not as helpful)
- Northern hemisphere
- smaller okay

Extragalactic
- okay pointing
- large detector

EHE/GZK
- large detector
- signal that travels
- sparse okay

Diverse Neutrino Astronomy Targets
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Extragalactic
- good pointing
- large detector

EHE/GZK
- large detector
- signal that travels
- sparse okay

Ice Cherekov
- Scattering  → Harder to point
- Absorption  → Easier to make large detector

Diverse Neutrino Astronomy Targets
Galactic
- good pointing (energy 
  not as helpful)
- Northern hemisphere
- smaller okay

Water Cherenkov
- Scattering    → Good Pointing
- Absorption   → Harder to make large detector

Courtesy: Claudio Kopper (Erlangen)

Radio
- Absorption         → Can make detector very large
- Energy threshold very high

Courtesy: TAMBO Collaboration
Courtesy: GRAND Collaboration
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Argüelles, Halzen, and Kurahashi ( arXiv:2405.17623)
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Diverging Optimizations 
→ Good Sign of a Maturing Field
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Large Scale Water Cherenkov 
Detectors Needed!

* Caveat: Specialized data sets for IceCube (e.g. PoS ICRC20231051) can 
do better and more are coming!
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Slide from J. Coelho (Neutrino2024)
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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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Complementary Peak Sensitivity
→ Important for Galactic Transients 

Courtesy: P-ONE, L. Schumacher (Erlangen), S. Sclafani (Univ of Maryland)
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Conclusions

● ~2023 Start of High-Energy Galactic Neutrino Astronomy
● Raises lots of questions, not enough data (above background) to 

answer
● IceCube can add some answers
● Ultimately, answering them needs large scale water Cherenkov 

neutrino telescopes

Experimental wish list:

● Keep IceCube Running
● Complete KM3NeT/ARCA
● Complementary Pacific Telescopes
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Backups
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AGN Unification
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Priority: Instrumented Volume

● Fundamental challenge for all neutrino telescopes is the high 
background rate

● We need statistics! More neutrinos above background!

● More PMTs, more photo-cathode coverage around the world → 
more data → more signal collected
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TRIDENT

Baikal-GVD

KM3NeT
P-ONE

IceCubeIceCube-Gen2

HUNT

(Optical HE) Neutrino Telescopes
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