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IceCube Overview
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400 people from 59 institutions 
in 14 countries



• 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.

IceCube Science



Drilling
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Digital Optical Module 
(DOM)

IceCube Neutrino Observatory

Cherenkov Detector using 1 km3 South Pole ice

PMT waveform
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Event Topology (Track vs. Cascade)

νe + N → e + X

Observation of PeV-Energy Neutrinos
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Event Topology (Track vs. Cascade)

νe + N → e + X

Observation of PeV-Energy Neutrinos
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Extraterrestrial Neutrinos
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νμ + N → μ + X
Track + Hadron shower

ντ + N → τ + X
Tau decay (double pulse/shower)
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ν

p

γProtons or electrons can 
produce the observed 

gamma rays

Neutrinos only 
produced by protons

Multi-messenger Astrophysics
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Phys. Rev. Lett. 124, 051103 (2020)

NGC1068

M77

NGC 1068

• Barred Spiral Galaxy

• 47 million light year away

• Supermassive Black Hole hidden by 
a cloud of dust.

Point Source Search
with 10 yr data

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

Hottest spot near 
NGC1068 

(4.7  local, 2.9  global)σ σ

Cosmic-ray interactions 
occur in a cloud.

Neutrinos are generated in 
the surrounding medium 
where photons attenuate.
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http://www.spacetelescope.org/news/heic1305/


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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The latest result for NGC 1068

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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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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Observation of high-energy neutrinos from the Galactic plane

Science, 380, 6652 (2023)
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Cascade analysis : Topology (easier atmo. bkg rejection), Energy 
(full containment), Direction (Machine Learning)
Improve bkg. rejection and direction reconstruction with new ML and open 
up the Southern Sky.

Conventional Through-going Track Analysis : 
More sensitive to the Northern Sky

Science, 380, 6652 (2023)
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One Slide at IceCube Collaboration Meeting
Uppsala,Sweden a few weeks ago



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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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
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The DeepCore+Upgrade 
Sensitivity

IceCube Simulations



Atmospheric Neutrino Oscillation Physics Sensitivity

The Upgrade will enhance oscillations sensitivity significantly
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IceCube Simulations

IceCube Simulations



Atmospheric Neutrino Oscillation Physics Sensitivity

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





Upgrade Plan (Starting Nov. 2025 and deploying all 7 strings in ~3 months)



The IceCube Upgrade is coming

Summary and Outlook

•Korean IceCube members 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 in this winter.
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Thank you!
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