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430 people from 59 institutions 
in 14 countries



Digital Optical Module 
(DOM)

IceCube Neutrino Observatory

Cherenkov Detector using 1 km3 South Pole ice

PMT waveform
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IceCube Neutrino Observatory IceCube Science
• Neutrino Astrophysics 

• Diffuse Neutrinos


• Search for Neutrino source


• Multi-messenger astrophysics


• Neutrino particle physics 

• Neutrino oscillations


• Sterile neutrinos & NSI search


• Cosmic Ray physics 

• Cosmic ray anisotropy


• Components of Cosmic ray


• Cosmic ray spectrum 


• Dark matter & BSM physics 

• Dark matter indirect detection


• Axion, Magnetic monopole, SUSY.Cherenkov Detector using 1 km3 South Pole ice
4



Event Topology (Track vs. Cascade)
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Event Topology (Track vs. Cascade)

νe + N → e + X

Observation of PeV-Energy Neutrinos

νe

e
X

EM shower + Hadron shower 
(Cascades)

Evidence for High-Energy  
Extraterrestrial Neutrinos

νμ

μ

X

νμ + N → μ + X
Track + Hadron shower

ντ + N → τ + X
Tau decay (double pulse/shower)
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Event Selections
Veto-based analysisNorthern sky through-going Track analysis

—Effective Volume is large (more events) 
—Neutrino Search only northern sky ( ) 
—Energy measurement in a sampling way

2π
—Veto-Fiducial volume division 
—Effective Volume is small (less events) 
—All sky Neutrino Search ( ) 
—Events can contain cascades. 
—Calorimetric energy measurement

4π
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Neutrino Flux (Astrophysical diffuse neutrino)

Veto analysis
Through-going 

analysis
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Astrophysical Neutrino Flux 

Phys. Rev. Lett. 125, 121104 (2020) 

All sky Cascades analysis

A
strophys. J. 928 , 50 (2022) 

Northern sky through-going  
Track analysis

E−2.37

E−2.5
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Astrophysical Neutrino Flux 

Astrophysical Neutrino Flux is not a single mechanism!  
Single Power model is rejected at 4.7  from Broken Power model (hard at low-E 

and soft at high-E)
σ
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Neutrino Flux (GZK neutrinos, Extremely High Energy)

EHE analysis

pUHECR + γCMB → Δ+ → n + π+

μ+ → e+ + νe + ν̄μ

μ+ + νμGZK cutof
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KM3NeT Coll, Nature 638 (2025) 8050 
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IceCube EHE neutrino search & KM3-230213A
pUHECR + γCMB → Δ+ → n + π+

μ+ → e+ + νe + ν̄μ

μ+ + νμ

KM3NeT—KM3NeT saw EHE candidate 
at 220 PeV ( ) 
—The same flux would require 
IceCube to have 70 events but 
none seen. (> ) 
—Flux uncertainty can give 
reconciliation among KM3NeT, 
Auger, IceCube at most  
tension 

E−2

10σ

3σ KM3NeT Coll, Nature 
638 (2025) 8050 
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(Personal) Source Questions
Once in a lifetime ( 1/70 years)

• IceCube (complete, ) 14 years VS ARCA (partial, ) 1 year


• IceCube + AMANDA + Baikal + Antares + Auger + TA + RADIOs VS ARCA


• If this is a GZK neutrino, why only the highest energy? Lower energies?


• Is it possible to have an astrophysical object with ultra-high-energy neutrino 
emission only without gamma or EM counter parts?


• If it is a once-in-a-lifetime event, why do we build a new detector?

1 km3 0.15 km3
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ν

p

γProtons or electrons can 
produce the observed 

gamma rays

Neutrinos only 
produced by protons

Multi-messenger Astrophysics

15



M77

NGC 1068

• Barred Spiral Galaxy


• 47 million light year away


• Supermassive Black Hole 
hidden by a cloud of dust.

NASA, ESA & A. van der Hoeven - http://www.spacetelescope.org/news/heic1305/

Cosmic-ray interactions occur in a cloud. 
Neutrinos are generated in the surrounding medium 

where photons attenuate.

• New analysis with 13 years of data.


• The hottest spot is closer to NGC 1068.


• Significance : 5.0  local, 4.0  global


• Prefers softer spectrum (~ ), indication of a more 
complex power law.

σ σ

E−3.4
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http://www.spacetelescope.org/news/heic1305/


Observation of high-energy neutrinos from the Galactic plane

Science, 380, 6652 (2023)

Science, 380, 6652 (2023)

Improved bkg. rejection and direction reconstruction 
with new ML open up the Southern Sky ( )4.5σ

π0 → γ + γ
p + ISM → π0(π±)

π+ → νμ + μ+ μ+ → e+ + νe + ν̄μ
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New results show that addition of tracks improves the 
significance more than 5σ



Ice, Ice, South Pole Ice is very 
complicated Cherenkov medium

Most of IceCube analysis systematics comes from optical properties of Ice

• South Pole Ice is very clear. However, it has a layered structure which shows 
different optical characteristics (scattering and absorption).

• Ice flows and light travel in birefringent way (along the flow direction; SE->NW).

• Refrozen (Hole) Ice is different from the bulk ice.
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Scattering Absorption



The IceCube Upgrade 
• Instrument additional 7 strings

• 60-100 DOMs in each string

• Detect neutrinos below 10 GeV

• Construction began and full deployment in 2025/2026

• Testbed for IceCube-Gen2

• Neutrino Oscillations study,

• Neutrino Mass Hierarchy measurement with the Upgrade.

• Neutrinos with Earth matter and density effect in varying baseline

• Understanding the systematics is the key to the measurement

• Additional calibration devices is going to be added

https://arxiv.org/pdf/1908.09441.pdf
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The IceCube Upgrade Contributions 

V. O’Dell at IceCube Meeting (Oct. 2025)20



The IceCube Upgrade Contributions 

V. O’Dell at IceCube Meeting (Oct. 2025)21



Aug.2025Feb.2025 Nov.2025
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Atmospheric Neutrino Oscillation Physics Sensitivity
The latest atmospheric neutrino 

oscillation result (DeepCore)

Phys.Rev.Lett.134 091801

sin2 θ23 = 0.54+0.04
−0.03 , Δm2

32 = 2.40+0.05
−0.04 × 10−3eV2

Best Fit : The Upgrade will enhance oscillations 
sensitivity significantly (i.e. ~4%)sin2 θ23
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The DeepCore+Upgrade 
Sensitivity

https://arxiv.org/abs/2509.13066



Atmospheric Neutrino Oscillation Physics Sensitivity

The Upgrade will enhance oscillations sensitivity significantly with 
increased statistics and improved systematics
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https://arxiv.org/abs/2509.13066

x10 

(4GeV)

x4 

(10GeV)



Korea IceCube Activities
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IceCube @ Chung-Ang University

• Study atmospheric neutrinos. Especially electron neutrinos


• Participation in the IceCube-Upgrade simulations. i.e. Photon 
Propagation & mDOM response.


• Develop a low-energy reconstruction tools using Transformer-based 
neural network


IceCube @ Sungkyunkwan University 

• Muon-track reconstruction using a neural network that fits Gupta–

Kundu–based arrival-time PDFs


• Generative model for IceCube neutrino event simulation and end-to-
end reconstruction using flow and diffusion model


• Optimize pulse cleaning and upgrade PMT noise model based on its 
timing and charge characteristics


The 3rd K-IceCube Workshop 2025/02/26

The 4th K-IceCube Workshop 2025/06/25
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Track Reconstruction (Gupta-Kundu-based time PDF) at SKKU

Replace the Pandel Function with Gupta-Kundu Generalized 
Exponential function using neural network training. 



Pulse Cleaning : 
Modularization and 

Optimization (SKKU)
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IceCube Upgrade event reconstruction 
Transformer-based neutrino event reconstructions (Aachen-CAU)

Reconstruction Performance 
shows promising results

Apply to HE tracks for 
astrophysics and LE cascades 

for oscillations

25% more events



IceCube Upgrade Simulation development at CAU

Separation of a code for GPU photon propagation in ice from Geant4 neutrino 
production makes Upgrade simulation chain more flexible and accessible.



Atmospheric Neutrino Oscillation Physics at CAU

It is clear that reconstruction and PID will be two challenges in 
the Upgrade. CAU will work on those in  analysisνμ → νe

30

New Veto Algorithms (VICH) by CAU
Towards the Upgrade  appearance analysis 

( )
νe

VICH CNN Scores

νCC
e

atm . μ



IceCube-Gen2 
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IceCube-Gen2: Eyes to the Violent Cosmos

Neutrinos from TeV to EeV
Cosmic particle acceleration

Fundamental physics with HE neutrinos
Sources and propagation of HE particles

J. Phys. G: Nucl. Part. Phys. 48 060501 (2021)
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The IceCube Upgrade is starting now

Summary and Outlook

•Korean IceCube members (~8) are growing. CAU & SKKU

•We are interested in Physics analyses in the Upgrade. 

•Participate in detector response simulations and event reconstructions.

•The Upgrade will happen starting now.

•Korean IceCubers will participate in the Upgrade activities. 

•아이스큐브는 활동성 은하핵 과 같은 천체에서 나오는 중성미자 입자를 탐색하는 실
험입니다. 국내에서 이제 출발하지만 SKKU-노창동, CAU-하창현 그룹이 새로운 
미래를 열것으로 기대하고 있습니다. 많은 관심과 지원 부탁드립니다. 
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IceCube Collaboration Meeting at Salt Lake City (2025.10)

Thank you!
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Back-up
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Multi-messenger observations of a flaring blazar 
coincident with high-energy neutrino IceCube-170922A

Science 361, eaat1378 (2018)

IceCube neutrino alert prompted -ray follow-up searches by e.g. FermiLAT & 
MAGIC, resulting in flaring blazar TXS 0506+056, 0.1 deg. from the neutrino.

γ
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Neutrino emission from the direction of the blazar TXS 0506+056 
in association with the IceCube-170922A

290TeV neutrino Alert 
(IceCube-170922A)

Science 361, eaat1378 (2018)

Coincident with -ray flare 
from blazar TXS 0506+056

γ

9.5 years of data prior to the Alert. 
Archival search for the neutrino emission at 

the same position of the blazar

Between Sept. 2014 and Mar. 2015,  
independent  excess is found at the site.3.5σ

Science 361, 147 (2018)

Blazars are sources of the high-energy astrophysical neutrino flux 
and probable sources of the very high energy cosmic rays. 
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NASA/DOE/Fermi LAT Collaboration


Galactic Plane : Charged Pions must exist ;  Neutrinos should be there
π0 → γ + γ

p + ISM → π0(π±)
π+ → νμ + μ+ μ+ → e+ + νe + ν̄μ

The natural place to look neutrinos is Galactic Plane
Wikipedia
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Excess over the Galactic Plane : 4.71 , 4.37 , and 3.96  depending 
on models, rejecting the background-only hypothesis.

σ σ σ

Trial factor correction : 
penalty on p-values —>4.48σ

Trial factor correction 
also makes other 
seemingly hot spots to 
be fluctuations

Science, 380, 6652 (2023)
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Implications : 

• KRA models and best fits are 
consistent, except very high energies.

•  model differs by a factor 5, 
suspicious of CR propagation or 
spectral index from GC. Best fit 
agrees with Tibet gamma ray 
measurements.

• Neutrinos from the Galactic Plane 
contribute 6~13% to the 
astrophysical flux at 30 TeV.

π0

Science, 380, 6652 (2023)

Diffuse Neutrinos

Galactic Neutrinos
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Improved data analysis

Better energy reconstruction by extracting more accurate 
DOM charge and using Machine Learning.

The application of the latest 
directional reconstruction

Reprocessing of the previous data uniformly with new event reconstruction algorithms and new calibrations.
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Evidence for neutrino emission from the nearby active galaxy NGC 1068

An excess of  neutrinos at TeV energies  (9 year data)


Significance : 5.2  local, 4.2  global


The flux of high-energy neutrinos is higher than the upper limit on 
emissions of TeV gamma rays by an order of magnitude.

79+22
−20

σ σ

Science 378, 538 (2022)
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