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If  we could see with neutrino eyes, night would be as bright as day: neutrinos 
from the Sun shine down on our heads by day and up through our beds by night, 
undimmed. 
Not just the Sun but each of  the stars visible to the naked eye, and the countless 
ones seen by the most powerful telescopes, are all filling the void with neutrinos. 
Out in space, away from the Sun and stars, the universe is flooded by them. 

-Frank Close, Neutrino
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Neutrinos are a direct, unobscured tracers of  hadronic acceleration
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Instrumented 
volume: 1 km3

IceCube Lab

86 strings completed 2011
+ 5 strings added in 2026



Instrumented 
volume: 1 km3

neutrino

muon
track
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Tracks 
Charged-current 𝝼𝛍

Good pointing: 0.2° - 1°
(mostly) Northern Sky

Cascades 
Charged-current 𝝼e or 𝝼𝛕 and neutral current

Good for energy reconstruction
Some pointing: 5° - 10°

All sky
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Contributions to IceCube: 
- 30% of sensors

- Cables
- Sweden Cameras

Sweden: member since start of the 
experiment, 7 faculty members

Copenhagen: 3 faculty members



A selection of IceCube highlights
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And where we are now
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The first high energy (PeV) events

28



Discovering high energy astro neutrinos–
the first 28 events
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Identifying the sources of 
high energy neutrinos
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IceCube Collaboration, FERMI-LAT, MAGIC, ASAS-SN, 
H.E.S.S, INTEGRAL, KANATA, KISO, KAPTEYN, LIVERPOOL 
TELESCOPE, SUBARU, SWIFT/NUSTAR, VERITAS, VLA/17B-
403, Science 361, issue 6398 (2018)

IceCube Collaboration Science 378 (2022)

TXS 0506+056: 
First transient, 
multi-messenger 
source

NGC1068: First steady-
state neutrino source



IceCube 
Generated 
Alerts

16

High-energy tracks Cascades (DNN)

Single events

GFU (Gamma-ray Follow-up) 
program

All sky Source lists from 
IACTs

NuEM (with HAWC)

Bronze 
(~30% astro)

Gold
(~50% astro)

Private alerts (MoU)

All public alerts are 
circulated via NASA GCN

IceCube

Multiple events

SuperNova
Early Warning System

https://gcn.nasa.gov/


IceCat-2: Improved alert catalog coming soon
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Preliminary release of selected events in IceCat-2 

https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/RX28YT

PoS(ICRC2025)1224

IceCat-1 catalog

https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/RX28YT
https://arxiv.org/abs/2507.06176
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/SCRUCD
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First measurement of galaxy

20Link to the Science paper

https://www.science.org/doi/10.1126/science.adc9818
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Science 2023: 
Galactic Plane in neutrinos 

at 4.5σ in cascades

Now:More lifetime + tracks + improved modelling = improved significance 5.7σ 

See slides at TeVPA 2025, 
previous version of data sample at IceCube 2025 See PoS-ICRC2025-1193 , slides at TeVPA

https://indico.ific.uv.es/event/7986/contributions/28161/
https://iopscience.iop.org/article/10.3847/1538-4357/ae113f
https://arxiv.org/abs/2507.08753
https://indico.ific.uv.es/event/7986/contributions/28191/


Towards more detailed studies: 
galactic plane characterization in regions
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PoS-ICRC2025-1130

https://arxiv.org/abs/2507.08097


A selection of IceCube highlights
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What’s next?



IceCube, Upgrade, and IceCube-Gen2

New this year!Operating for 
15 years
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Ice Properties and photon propagation: 
dominant uncertainty in neutrino directional 

reconstruction
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The next step: IceCube-Gen2



Hightlights from the 
IceCube Neutrino Observatory

• We are building on our highlight results and getting an ever 
clearer picture of the neutrino universe
• Galactic plane: from original observation → greater than 5 σ 

observation → beginings of detailed studies 
• The upgrade has been successfully installed and gives new 

opportunities for recalibrating the detector
• Data products for the community: real time alerts, IceCat, 

IceTracks-DR2 14 years
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Each year, IceCube records approximately:

100 000 000 000  events    (about 3000 events per second)

Almost all of these are muons from cosmic rays hitting the atmosphere above the detector
->  Atmospheric muons

100 000  neutrino events   (about 300 per day) 

Almost all of these are nu’s from cosmic rays hitting the atmosphere
->  Atmospheric neutrinos

100s of astrophysical neutrinos  (1 per day)

How to find astro. neutrinos (signal) in a background event rate 109 times higher?
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Real time alerts of  high energy events 
started in 2016

33

170922A

Tracks: ~10 alerts/year in the 
gold channel (half  from 

background)

Cascades: ~8 alerts/year in the 
gold channel (half  from 

background)

Typical latency of  < 1 minute
IceCat-1 catalog

https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/SCRUCD


Further studies on gamma-bright AGN
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Stacked limits on gamma-ray bright AGN constrain to less than 1% of the diffuse flux

Binomial test, model-independent test for a sub-population: significance < 3 σ

PoS(ICRC2025)933

https://arxiv.org/abs/2507.07098


Real-time alerts to improve chances of multi-
messenger observations
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PoS(ICRC2025)1224

https://arxiv.org/abs/2507.06176


IceCube 
Generated 
Alerts
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High-energy tracks Cascades (DNN)

Single events

GFU (Gamma-ray Follow-up) 
program

All sky Source lists from 
IACTs

NuEM (with HAWC)

Bronze 
(~30% astro)

Gold
(~50% astro)

Private alerts (MoU)

All public alerts are 
circulated via NASA GCN

IceCube

Multiple events

https://gcn.nasa.gov/


IceCube responses 
to external triggers
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Fully-automatic processing

Pre-approved 
Manual processing

At ROC’s discretion
Manual processing

Ic
eC

ub
e

Pu
bl

ic

Gravitational waves
(LVK)

Electromagnetic / MMA 
transient or variable 

source 
ROC

Fast Response 
Analysis (FAR)

GCN Notice

GCN Circulars

Astronomer’s Telegram

IceCube track alerts


