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IceCube

2011: Detector construction

2013: Observation of astrophysical 𝜈

2017: Identification of a blazar 

TXS 0506+056 as a 𝜈-source 

2022: Observation of 𝜈 from 

Seyfert galaxy NGC1068

2023: Observation of 𝜈 Galactic plane
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DOM

1 km
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Diffuse 𝝂𝝁 2022

EHE U.L. 

(new arrival 2025)

PEPE

HESE

What IceCube told us: diffuse 𝝂 flux

• Strong evidence of the astrophysical background 𝝂 (a.k.a. diffuse 𝝂 flux)

• 𝐸2𝜙𝜈 ∼ 𝟏𝟎−𝟕 − 𝟏𝟎−𝟖

• Consistent with isotropic distribution

GeV⋅ cm−2 ⋅ s−1 ⋅ sr−1 at 10 TeV-1 PeV
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4Where is the origin of the neutrinos?

Identification of 

a blazar as a 

𝜈-source (2017) 

Observation of 𝜈 by 

Seyfert galaxy (2022) 

Several objects are possible sources of neutrinos. However, 

they are not sufficient to account for the magnitude of the total diffuse flux.

NO observation of 

𝜈 from BOAT GRB (2022)

𝑬𝒊𝒔𝒐
𝑿 ~𝟏𝟎𝟓𝟓 erg

221009A

TXS 0506+056 NGC1068

Observation of 

𝜈 from galactic plane (2023)



Achievement of our group
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Physics Analyses (selected only) Hardware developments

2012: First PeV neutrinos EHE 

2017: First identification of neutrino source with 

a BLlac triggered by EHE alert

2021: An observation of Glashow resonance

ҧ𝜈𝑒 + 𝑒− → 𝑊

2025: Constraint of 𝜈-source parameters with a

search for 𝜈 doublets and triplets  

2025: A search for EHE 𝜈 with updated method, 

and a constraint on cosmic ray proton fraction

2010   : Significant contribution on a calibration 

of PMTs in the IceCube sensor 

2015 - : Development of  a new optical module 

(D-Egg) for IceCube-Upgrade

2019 - : Calibration and final acceptance test of 

the D-Eggs

2019 - : Development of further new optical module 

(Gen2-DOM) for IceCube-Gen2

Leading R&D for Gen2 optical modules

Japanese team is one of the core institutes of IceCube

arXiv:2501.09276 

(ApJ accepted)

arXiv:2502.01963

Nature 591, 220 (2021)

JINST 18 P04014

NIM A 618 139 

Phys. Rev. Lett. 111, 021103



IceCube-Gen2
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https://icecube-gen2.wisc.edu/science/publications/tdr/

(c)Higgstan

IceCube-Gen2 

Technical Design Report (TDR)



IceCube-Upgrade (Gen2-phase1)
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IceCube

DeepCore region

• Chiba produced 300 optical modules (D-Egg)

• “Detectors made-in-Japan” have 

already arrived at Antarctica! 

➢ Installation of 700 sensors 25/26 winter

➢ Targeting “Low” energy (GeV) neutrinos

➢ Precise measurement of ice properties

𝜈 oscillation & GeV-𝜈 astrophysics

Already funded

D-Egg

mDOM
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Project currently on schedule!
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◆ 10,000 new optical sensors

◆ 360 radio array stations

➢ × 8 detection volume

➢ × 4 better angular resolution

1 order of improvement 

in 𝝂 detection sensitivity 



What IceCube-Gen2 delivers 
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𝝓𝝂 ∝ ℰ𝜈 × 𝜌 ℰ𝜈 : Neutrino emission energy per source

𝜌 : Source rate density

GRB

Bright but Rare

Jetted TDE

There sources are not 

favored by measurement.

Dim but Frequent

SN+ISM

Low 

Luminosity GRB
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𝝓𝝂 ∝ ℰ𝜈 × 𝜌 ℰ𝜈 : Neutrino emission energy per source

𝜌 : Source rate density

GRB

Bright but Rare

Jetted TDE

There sources are not 

favored by measurement.IceCube-Gen will challenge various 

prime candidates of neutrino sources

Dim but Frequent

SN+ISM

Low 

Luminosity GRB

What IceCube-Gen2 delivers 
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>400 members 

from 63 institutions in 15 countries



IceCube-Gen2 organization
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IceCube-Gen project is organized as 

work Breakdown Structure (WBS)
WBS Level1

WBS-Level2

Optical array

instrumentation 

Drill DAQ

• Aya. I (Chiba) is in charge of 

the optical array instrumentation.

Japanese teams are responsible for 

one of the important pieces of Gen2 

• US: infrastructure/transportation
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• On the roadmap in Astro2020

• P5 (US particle phys. panel) top 5 priority

• Plan to fund $280M for infrastructure etc

• Currently requesting $20M in *MSRI for preliminary design

• Gen2 on Helmholtz roadmap

• Request, in total, €40M contribution

€14M for OM** production

€4M for surface station, €4M for radio 

• On MEXT roadmap 2023

• Request 50 億円 for OM** production (75%), 

and multi-messenger infrastructure (25%)

• Approved national funding 

for technical development $2.7M (2025-) 

• Approved $5M grand for radio arrays.

• Large facility for OM** production at UCLouvain

**OM: optical module*Middle scale research infrastructure

European countries are positive 

for supporting the project



Our science strategy
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(c)Higgstan



ICEHAP as a hub of Asia-pacific center
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Multi-Messenger astronomy Optical module production

𝝂

𝜸 𝒈

Collaboration 

with industry

Engineering

Education

Creation of 

new science
Contribution 

to society



Joint research network with 
multi-messenger astronomy
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MAGIC/LST

Optical/IR/UV

Kanata

Subaru

MAXI

KAGRA

LIGO

X-ray γ-ray

Gravitational wave

𝝂

𝝂 detection→ other observatories

IceCube/IceCube-Gen2 provides 

various research topics with community 

Neutrinos are smoking guns for high energy 

astrophysical phenomena

transient searches

archival studies

X, 𝛾 ray source catalog → 𝝂 search

GRBs → 𝝂 NS-NS merger → 𝝂

𝝂 archival data ⇔ X-ray archival data

Several studies have already started under

学術変革A 2023：マルチメッセンジャー宇宙物理学

Fermi



Optical module production
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Project year

In-kind 

contribution from Japan

2025 - : IceCube-Upgrade, ice calibration

: Gen2 detector final R&D for mass production

2026 - : Mass production facility construction

: Gen2 detector first mass production for 1st string

2027 - : Large scale mass production

Many underlying technologies 

have been already established!

Japan can be a core production facilities. 

Plan to provide 30% of detectors for Gen2 optical array

skilled young researchers

experience of D-Eggs

industries 

support



Collaboration with industry and education
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Chiba University

Key components

Hamamatsu：PMT

Okamoto-Glass：Glass Vessel

Azuma     ：Plastic sheets for gel

Miyazaki  ：Plastic components

NME, SeisGadjet : AssemblyShin-Etsu-Chemical：Silicone Gel

➢ Education of young resources 

in international research environment

Industry

Significant in-kind 

contributions of detectors

D-Egg projects: 7

Gen2 projects: 2

ARA projects: 2 

Masters’ students

Human resources

IceCube, IceCube-Gen2

Our partnership is already matured. 

Close to be ready to produce Gen2 detectors.

Production

supplier & feedback from us



“IceCube-Japan” is glowing 
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Passive detector 

with WLS fibers

WLS fibers

Gen2-DOM

➢ Studies a new approach to improve the performance of 

the Gen2 detectors

➢ Please contact us if you would like to contribute 

IceCube-Gen2. Even with small scale project is welcomed!



Summary

• IceCube has been characterizing the astrophysical diffuse neutrino flux

• IceCube-Gen2 will challenge the origin of neutrinos with 1 order better sensitivity

• Japanese team had been providing significant contributions with IceCube 

both by analysis and hardware:

we are indeed leading the development of the core detector for the IceCube-Gen2

• We are also leading multi-messenger astronomy. 

Neutrinos always have synergies with other messengers, and thus 

provide various research topics for high energy astrophysical phenomena

• Stay tuned!
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IceCube

IceCube-Extension
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IceCube

DeepCore region

◆IceCube-Upgrade (Gen2-Phase1)

◆IceCube-Gen2

➢ Installation of 700 sensors

➢ “Low” energy neutrinos

➢ Precise measurement of ice properties

𝜈 oscillation & GeV-𝜈 astrophysics

➢ Installation of new 10,000 sensors

➢ Aiming for “High” energy neutrinos

Start data collection in 2026 



Backup
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Strategy as Japanese team
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Hardware & Calibration contribution

千葉 大阪公立Project year

In-kind 

contribution from Japan

Science contribution

2025 - : IceCube-Upgrade, ice calibration

: Gen2 detector final R&D for mass production

2026 - : Gen2 detector first mass production for 1st string

2027 - : Large scale mass production

Japan will be a hub of mass  pro. facility 

Plan to provide 30% of Gen2 optical array

skilled young members

experience of D-Eggs
industries’ support

IceCube-Upgrade

• Detector simulation for IceCube-Upgrade

• Low energy (GeV) astrophysical transients

• Tau-Flavor identification w/ NN and delayed photons by 𝑛

IceCube-Gen2

• Search for GZK neutrinos 

• Search for neutrino radiation source

• Alert channels for Multi-messenger astronomy

Multi-messenger joint collaboration

• Will be covered later



Gen2-DOM development
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• Pack multi-PMTs in an egg-shaped glass

• Use silicone elastomer’s light guide (gel pad) to 

efficiently lead photons up to PMTs

• High pressure-resistant glass 

with very small RI contamination

A factor of >4 improvement 

compared to IceCube-DOM

Students and young researchers 

lead the tough developments

Gen2-DOM

IceCube-DOM

Compensates for 

the smaller  density of detectors

IceCube:   125 m spacing

IceCube-Gen2: 240 m spacing



Various multi-messenger studies
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MAXI

⚫ MAXI & 𝝂 alert → NICER follow-up

⚫ MAXI & 𝝂 signal correlation study

⚫ MAXI subthreshold catalog → 𝝂

MAGIC/LST ⚫ 𝝂 alert w/ X,γ known source → MAGIC/LST

ZTF ⚫ 𝝂 30 days transients with archival data

→ ZTF archival data to constrain SNe/TDEs 

⚫ 𝝂-alert dedicated for optical follow-up



IceCube-Gen2 array
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Current 

IceCube

Detection volume : x8

Angular resolution : x4

IceCube

IceCube-Gen2

• 10,000 optical sensors
• × 2 bigger string separation

• x 4 more sensitive detectors



IceCube experiment
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・Astrophysical neutrino telescope

・5160 optical modules (DOM) in the ice of Antarctica 1 km3

・Detect Cherenkov light from charged particles produced by

neutrino interaction

DOM

28

1 km



Search for 𝜈-emission sources with Gen2
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5σ detection level

Source detection capability x 8
ℰ𝜈 emission energy [erg]
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Gen2

IceCube

With the updated detectors, we can challenge dim but frequent transients.



Search for cosmogenic 𝜈 with Gen2
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𝑝 + 𝛾CMB → Δ+ → 𝑝 + 𝜋+

𝜈𝐺𝑍𝐾

>PeV neutrinos from interaction between 

cosmic ray and CMB photons

a.k.a., GZK neutrinos

O(10) or bigger sensitivity reaches flux 

level of various model predictions!   PeV

Gen2

IceCube



What’s next target?
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Inconsistent 

(too large)

Inconsistent 

(too small)

ℰ𝜈 [erg]

𝝓𝝂 ∝ ℰ𝜈 × 𝜌 ℰ𝜈 : Neutrino emission energy per source

𝜌 : Source rate density


