ICECUBE
ICECUBE GEN2

Nobuhiro Shimizu (Chiba University)

|ICELl

AP — International center for

ladron Astrophysics



lceCube

IceCube Lab
50m ——
i Amanda Il Array
450 m / (precursor to IceCube)
} DeepCore
8 strings-spacing optimized for lower energies
‘ / 480 optical sensors
Eiffel Tower
324 m
450 m
820 m

Bedrock
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MAGIC significance [7]

8.0°  77.6° 77.2° 768 764
Right Ascension

2011: Detector construction
2013: Observation of astrophysical v

2017: Identification of a blazar
TXS 0506+056 as a v-source

2022: Observation of v from
Seyfert galaxy NGC1068

2023: Observation of v Galactic plane

N




What IceCube told us: diffuse v flux
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« Strong evidence of the astrophysical background v (a.k.a. diffuse v flux)
* E*¢p,~1077—-10"° GeV-cm™?-s7'-sr~!at 10 TeV-1 PeV

« Consistent with isotropic distribution



Declination

Where Is the origin of the neutrinos? 4

78.4 78.0 776 77.2 76.8 76.4 2 2 1 O O 9A
Identification of Observation of v by Observation of NO observation of
a blazar as a Seyfert galaxy (2022) v from galactic plane (2023) v from BOAT GRB (2022)

v-source (2017)

Several objects are possible sources of neutrinos. However,
they are not sufficient to account for the magnitude of the total diffuse flux.

Town Meeting 2025 Nobuhiro Shimizu (Chiba)



Achievement of our group

2012:
2017:

2021:

2025:

PhySiCS AnalyseS (selected only)

First PeV neutrinos EHE Phys. Rev. Lett. 111, 021103
First identification of neutrino source with

a BLlac triggered by EHE alert

An observation of Glashow resonance

Vo + e~ = W  Nature 591, 220 (2021)

Constraint of v-source parameters with a

search for v doublets and triplets {u; coeped

. A search for EHE v with updated method,

and a constraint on cosmic ray proton fraction
arXiv:2502.01963

2010

2015 -:

2019 - :

2019 - :
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Hardware developments

. Significant contribution on a calibration

of PMTs in the IceCube sensor NIMA618 139
Development of a new optical module
(D-Egg) for IceCube-Upgrade

Calibration and final acceptance test of
the D-Eggs
Development of further new optical module
(Gen2-DOM) for IceCube-Gen2

Leading R&D for Gen2 optical modules

JINST 18 P04014

Japanese team is one of the core institutes of IceCube



lceCube-Gen2
Technical Design Report (TDR)

lceCube-Gen2

ICECUBE-GEN2 TECHNICAL DESIGN

The IceCube-Gen2 Neutrino Observatory

Parts | and Il

(Part Il will be released at a later time.)

Version: July 27, 2023

(c)Higgstan

https://icecube-gen2.wisc.edu/science/publications/tdr/
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lceCube-Upgrade (Gen2-phasel) awaymunged 7

DeepCore region D_Egg

"""""""

IcECUBE L

UPGRADE

A
v

» Targeting “Low” energy (GeV) neutrinos

. . _ h 1 . .
v oscillation & GeV-v astrophysics - Chiba produced 300 optical modules (D-Egg)

« “Detectors made-in-Japan” have
already arrived at Antarctica!

» Precise measurement of ice properties
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DETECTORS

SURFACE * RADIO * OPTICAL

JCECUBE
GENZ

IceCube -
- - _ laboratory =

Cosmic Ray Surface Array 1370 m

An air shower array that sits on
top of the optical array

One surface station installed

‘ .
B B b sssssacssssiriar

Saihns s

above each optical string

2780 m

il i T

Antarctic bedrock

: T L
IceCube-Gen2 Optical T \ guil
Module each string, spaced IceCube
4x the sensitivity of IceCube's e et
modules (1 km)
9,600 new optical modules in
total to be deployed in the ice < IceCube-Gen?2

(5 km)

Amundsen—Scott South
Pole Station, Antarctica

A National Science Foundation-
managed research facility

»
AL die

€ 10,000 new optical sensors
€ 360 radio array stations

» X 8 detection volume

» X 4 better angular resolution

1 order of improvement
In v detection sensitivity

L]
§ 200m
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What IceCube-Gen2 delivers

Py, XE, Xp ;

Dim but Frequent

Ey .
. Source rate density

10

Neutrino emission energy per source

local rate density p[GEc 3yr1]

107 L

106 L

101

0.1t
10—2 L

J PS
\,

\

i E‘

-luRainosity
\\

D002 IceCube
IceCube-Gen2

10% 10% 10% 10% 10 10! 102 1053 10> 10%
effective bolometric neutrino energy E,[erg]

Bright but Rare

There sources are not
favored by measurement.
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What IceCube-Gen?2 delivers 11

P, X E, X p £, » Neutrino emissior_l energy per source
p . Source rate density

Bright but Rare

Dim but Frequent 107}

N\
\
h
-)J\E

-lurpinosity ¢
\\

101

local rate density

0.1} EZZZI IceCube

—~ -

lceCube-Gen will challenge various :
prime candidates of neutrino sources




from 63 instituti

THE ICECUBE-GEN2

AUSTRALIA hd GERMANY J
University of Adelaide Deutsches Elektronen-Synchr Tata Institute of Fundamental
ECAP, Universitat Erlangen- Research Uppsala universitet
[ eeLcium Narnberg N — ~ =
UCLouvain Humboldt-Universitat zu Berlin ITALY | "F" | SWITZERLA
Université libre de Bruxelles Karlsruhe Institute of Technology University of Padova Université de Genéve
Universiteit Gent Ruhr-Universitat Bochum
Vrije Universiteit Brussel RWTH Aachen University | @ [T ET rawan
Technische Universitat Dortmund ‘Chiba University Academia Sinica
[(EX] canaba Technische Universitst Minchen ~ Osaka Metropolitan University
Queen’s University Universitat Mainz - i< UNITED KING
University of Alberta~Edmonton  Universitat Wuppertal NEW ZEALAND University of Oxford
Westfalische Wilhelms-Universitat University of Canterbury
E DENMARK Minster
University of Copenhagen At REPUBLIC OF KOREA

Sungkyunkwan University

TOWTT VIEETITg 2025 NoouhiTo Stimizo (Chiba) |CECUBE-GEN2.WISC.EDU



lceCube-Gen2 organization

lceCube-Gen project is organized as
work Breakdown Structure (WBS)

IceCube Gen2 Phase 2 Project office

Principal Investigator: A. Karle

Project Director: V. O’Dell

Project Scientist: M. Ackerman

Technical Coordinator: M. DuVernois
Project Engineer: J. Cherwinka

Project Controls and Finance: C. Vakhnina
Safety: M Zernick

QA/QC: M. Zernick

Logistics and Production: I McEwen

WBS Levell

WBS-Level2

1.1 Project Office 1.2 Implementation
V. O'Dell T. Benson

Drill  Optical array DAQ),

1.3 Instrumentation- 1.4 DAQ and Surface 1.5 Instrumentation
Deep Instrumentation Radio
A. Ishihara J. Kelley A. Nelles

1.6 Data Systems
G. Sullivan

1.7 Calibration and
Commissioning
D. Williams

1.8 Antarctic
Services Contract

instrumentation

« US: infrastructure/transportation

« Aya. | (Chiba) is in charge of
the optical array instrumentation.

Japanese teams are responsible for
one of the important pieces of Gen2
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L2

1.3 Instrumentation — ‘
Deep: A. Ishihara ‘

1.3.1 Optical Module Development and
|Engineering: Y. Makino

L4 1.3.1.1 Deep OM photo sensors: N. Shimizu

‘ 1.3.1.2 Deep OM Mechanical Design:

A. Pollmann, A. Kappes

1.3.2 Optical Module Production (US): C. Ng

1.3.1.3 Deep OM Electronics Design: C. Wendt

1.3.3 Optical Module Production (Europe): S.

Bolt

1.3.1.4 In-module calibration devices: M. Rongen

1.3.4 Optical Module Production (Japan): N.

Shimizu

1.3.1.5 OM simulation: K. Hoshina

1.3.1.6 Deep Instrumentation Special Devices and enhancement
components: C. Finley
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International funding supports

* On the roadmap in Astro2020 O-RkYY72023 BHAEME 500000 Sk crm

12

T | hod
. H H BSL-4EERE AR USBRIEAFHLROIR Y (Rxy) SISO N —  ESNIOREREEAEIIBBIROIRY 175 7
 P5 (US particle phys. panel) top 5 priority e e OO T =
‘i_n 5 BEREOREAR, B ATEORL. WL T EOMECE W SEANGREBEROTROT THRBWIEORAILAHEDE
EE ZRRORD - ROOHR. WHO (L3 E BN B E SISk TARRIBVRHEBRIC LD, BAENEHEIFOME - MERF-E0DU, +8

Plan to fund $280M for infrastructure etc WAL BRORIE LRSS, ﬁ%ﬁﬁ&:’m“’”&%w

z FICLOFE, L ALFBECHIBFRARFERKRI S,
TIAFRBROEMRYND—0%  (umxs)

« Currently requesting $20M in *MSRI for preliminary design ssusrmssmssesssmmsc o SOMAFRABESMIENT @nimmmnnse)
LEDVT, SHUAFTHMEORY N —)(C L2 EIRH EH NIABIVF I PITAEICOE30mA R RIMRERIBTMT R0
/) 3 FHREZAY - 38U, FROAIRNF—7)( R, HHR-BFH FEZREROLISRAOERL OB RN BEOFEONRES
BRET)(2AREDFHUVMERVBZHORRACAGTRIRO S % OBREITS. BARFEICHIZE, iR, TRERFORRNEIEREL.
SpineRb) B BREE RT3, Ry BEOAEGHE LV AFFHROIRBAICHD.
e On MEXT roadm ap 2023 SBNERTES) O—L—-ERHBIT Y I1—L : JEPOCHHE  @BTSAVOI DDA LImAT

(EARFIRTRBERAT LT

BESRTSAVERME THIE- 1R(FL. tEREBEOIMRIETIHNT
BRI AT VEMIEIBCLT, BMEIPOHRS5TFE - REKICHHR

= m - gy .
& g £&B 75y 7 > AU THL, B

* Request 50 1= for OM** production (75%), e T AL B
S SN ERENARTNEONE (E6) BELT IXNF-BE

~ -, OEVERMLEFRFOMBTEREZEETS,

and multi -messenger Infrastructure (25%) bl SR S i e i S LiteBIRD—#A /) (IO TR RS SFEVA YIRS

MR TCRRULNAT FEREBOBIRALCLD, L ABGE* (FamEmsmmms)

= § ’
iﬁﬁﬁﬁﬁiﬁﬂfﬂéﬁﬂibﬁa i””ﬁ)%‘? : B RO ECBIT 3RBDRITHA > I~ 3> FEE
| 0. BERETRIE——1- MRS EF RT3, \‘)v! i JEAREET 3128, LiteBIRDRIRICLAFE VA VDKM KRB OL KM

W3 BT XIS IESFORAEREL EORMERIT 5, Al
(PR 1S SaL - S BmIsL. BRAAIA-S 3 BT BRI
= EBREOBEEEET.

: KGN SRS TN ERRT S, RENAIL— > FHIBREIRIET
v AIET, FEAEORIHD.
7l~m—*f—ﬂmmﬂ* (HAE)

S0 SRR 5 E C RO TIEDN TAT ML — — Bl BB T
L UL, PN - .

IceCube-Gen2 EBR=1—MN/EXXZAICLIBIRNF-Z1—NJFKZH-
YEEFEAR (FRAR\FOOFEEBHAR L)

FMRE FICERELT IceCubelﬁ.‘ﬁi‘s%@-ﬁlSlJ‘[ﬂ@&fﬁ(u{O

« Gen2 on Helmholtz roadmap

* Request, in total, €40M contribution e T I

€14M for OM** production M = e
. . CTAEPRFEI>VIRAXE  (RRAYFEMATA)

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

REROEPEFEA > VRIS ACTAILLD, BEIFE-H>T L0 00
T RO R — DR IAREIREL T, MR FEHOEEIRA. s

Y HIROLIE, IERNELLORALEET. 5L, "5
d‘n%o)@ﬁﬁ&- EREAICHNZ, BAR1— M/RRICER
U UF S v - KX FOEBRRB— DO S,

POBFOBELRFMTIRABILCLD, VIR, (6%, £M¥.
T%. B¥ E¥SORAVDTTI/A-23 R EEEY.

BEBFO; xIEZOOOmiUDﬂ(,E B EEEHIT 3RITOArgo

J0- MRAIERE . BIEET, HO. EMHERCFZ BT RICE TR

R DASRIEFBA 25T LAOneArgo BT 3. iBF 2E(C

|| BUBTUREBS JF VORI, B BIEHL - RBREORIIER
LEBROIGEORPEICLD, IBFRMSANENHLET S,

Approved national funding
for technical development $2.7M (2025-)

. Approved $5M grand for radio arrays. European countries are positive
- Large facility for OM** production at UCLouvain for Supporting the project

Iii ol

*Middle scale research infrastructure  **OM: optical module



Our science strategy
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ICEHAP as a hub of Asia-pacific center 16

FEKXRE
» \ROVFHE l&ﬁﬁwzz&—*

ICEHAP international Center for Hadron Astrophysics

Multi-Messenger astronomy Optical module production

Collaboration
with industry
IH%HEHEI'

00

Creation of Contribution
new science to society

rophysics as one of the cor



Joint research network with
multi-messenger astronomy

Neutrinos are smoking guns for high energy
astrophysical phenomena

|:> IceCube/IceCube-Gen2 provides BECUBE  IcECUBE
various research topics with community I

Several studies have already started under
FIEEA 2023 1 RILF XAy v —FTEYEF Optical/IR/UV

transient searches Subaru
v detection = other observatories

GRBs 2 v NS-NS merger 2> v

archival studies

X, y ray source catalog = v search

v archival data < X-ray archival data

v
$136:5

17

Gravitational wave

y ;
AN ~ 3
I j TR P i
¢ o - M S
y n\" -

g ey =

’
R
)
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Optical module production 18

Project year

IceCube ¥ IceCube Upgrade Rebaseline . Install 7 Upgrade Strings
Upgrade _

Optical Module Production

, \ Vs
/ v bosssss¥y00........................| Radio station Construction
-

Prepare Drill | | Y [ 3N . \ | | \ (S
+ 3 Strings 4 16 20 21 21 21 14
E | . 5 Stations | [~ | | | | | | [ SN

In-kind 6 16 22 23 21 23 14

\' ‘ contribution from Japan

Many underlying technologies
have been already established!

2025 - : IceCube-Upgrade, ice calibration
. . T ST T ST T T T ST ST el LR e e 1
: Gen2 detector final R&D for mass production %: skilled young researchers ;g %E industries  *
2026 - : Mass production facility construction perlence of D-Eggs support .
. Gen2 detector first mass production for 1st string %

2027 - : Large scale mass production _ o
Japan can be a core production facilities.

| N | Plan to provide 30% of detectors for Gen2 optical array
Town Meeting 2025 Nobuhiro Shimizu (Chiba)



Collaboration with industry and education 19

Key components Production

Hamamatsu : PMT Azuma  : Plastic sheets for gel
Okamoto-Glass : Glass Vessel Miyazaki : Plastic components

Shin-Etsu-Chemical : Silicone Gel NME, SeisGadjet : Assembly

supplier & feedback from us

~_

. Chiba University

TR » Education of young resources
e in international research environment

Significant in-kind
contributions of detectors

IceCube, IceCube-Gen2

Our partnership is already matured.
Close to be ready to produce Gen2 detectors.

Human resources

Masters’ students

D-EQg projects: 7
Gen2 projects: 2
ARA projects: 2

BEE 025 Nobuhiro Shimizu (Chiba)
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“IceCube-Japan” IS glowing 20

X
-
7
p

A Passive detector

/EE with WLS fibers
(FOM)

WLS fibers

\ % it 2=
Pkl
3

A5
\\‘

o
s

v" Yoshiki Tsunesada

~

FOM (prototype)

S
v Toshihiro Fujii
v Takuro Kobayashi (Graduate student)

&
v Tatsuki Ishii (Graduate student) ; Gen 2'DOM

v" Shinichiro Ohta (Graduate student) &
» Studies a new approach to improve the performance of . =
the Gen2 detectors
» Please contact us if you would like to contribute 'LED and FOM.
IceCube-Gen2. Even with small scale project is welcomed! L=tand FOM




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

e Stay tuned!




lceCube-Extension

DeepCore region

®IceCube-Upgrade (Gen2-Phasel)

» Installation of 700 sensors ICECUBE

> “Low” energy neutrinos UA *¢%.
v oscillation & GeV-v astrophysics "ete’

> Precise measurement of ice properties (‘

|:> Start data collection in 2026

A
- R
®IceCube-Gen2 ,UBE

» Installation of new 10,000 sensors
» Aiming for “High” energy neutrinos

Town Meeting 2025 Nobuhiro Shimizu (Chiba)




Backup



Town Meeting 2025 Nobuhiro Shimizu (Chiba)

Strateqgy as Japanese team

2022 12023 | 2024 | 2025 | 2026 Y1 ‘ PY 2 | PY3 | PY4 | PY5 PY 6 | PY7 |PY8 | PYS ' PY10

Project year

\,\( IceCube Upgrade Rebaseline 1| Install 7 Upgrade Strings

Optical Module Production

V4 - | Radio Station Construction

) 7
* I / Prepers ol 3 Strings ‘4 16 20 21 21 21 14
;_ In_klnd 5 Stations |
N . . 6 16 22 23 21 23 14
contribution from Japan
Hardware & Calibration contribution Science contribution

2025 - : IceCube-Upgrade, ice calibration IceCube-Upgrade

. Gen2 detector final R&D for mass production
2026 - : Gen2 detector first mass production for 1st string

2027 - : Large scale mass production
e Sl ‘*~>~>'~ lceCube-Gen2

24
FE  KRAIL

®

CHIBA
UNIVERSITY

» Detector simulation for IceCube-Upgrade
* Low energy (GeV) astrophysical transients
« Tau-Flavor identification w/ NN and delayed photons by n

experience of D-Eggs ? ‘k‘ : .
2« X « Search for neutrino radiation source
P T T Tl T T T .
% \ey% « Alert channels for Multi-messenger astronomy

Japan will be a hub of mass pro. facility Multi-messenger joint collaboration

Plan to provide 30% of Gen2 optical array *  Will be covered later



Gen2-DOM development ceCube: 125 m spacing

| |
Effective area vs zenith angle ey ‘

1401 lceCube-Gen2: 240 m spacing

N
o
~
3

=
O
o

« Pack multi-PMTs in an egg-shaped glass
» Use silicone elastomer’s light guide (gel pad) to

Effective Area [cm?]
Q0
o

60y — gs;:; T efficiently lead photons up to PMTs
401 — Lom / » High pressure-resistant glass
207 /ceCube-DOIVI with very small Rl contamination
0 | | |
-1.0 -05 0.0 05 1.0 -
00 | A factor of >4 improvement
| j> compared to IceCube-DOM

j> Compensates for
| the smaller density of detectors

Students and young researchers
lead the tough developments 25
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Various multi-messenger studies

MAXI & v alert - NICER follow-up
MAXI & v signal correlation study
MAXI subthreshold catalog = v

IcECUBE

® v alert w/ X,y known source > MAGIC/LST

IcECUBE

® v 30 days transients with archival data
- ZTF archival data to constrain SNe/TDEs
® v-alert dedicated for optical follow-up

ICECUBE

Town Meeting 2025 Nobuhiro Shimizu (Chiba)
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X8
- X4

Angular resolution

X 2 bigger string separation
Detection volume

X 4 more sensitive detectors
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lceCube-Gen2 array
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lceCube experiment

IceCube Lab
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1450 m 4 o
o 2 . 4 125 m

Eiffel Tower
324 m

- Astrophysical neutrino telescope

- 5160 optical modules (DOM) in the ice of Antarctica 1 km?3

- Detect Cherenkov light from charged particles produced by
neutrino interaction

2450 m

2820 m
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Search for v-emission sources with Gen2 -9

50 detection level

10—10 BERERREE IceCube (10y, 5o discovery potential) ‘ — 107y
== |ceCube-Gen2 (10y, 50 discovery potential) I;_‘ 106
B —— |ceCube-Gen2 (10y, sensitivity at 90%. CL)... >
I : - v 10°F
o~ . . ]
! E oMl F e é_, 104}
D | teeeeesaas 5 |CeCUbe — 103}
D N 2
© g 10%
X
NLIJ 10—12 v _&GEHZ . - % 5l
T % bt
e Y ~ 0.1} DI 1ceCube
10> 10" 100 10° 10" 10° 100 Q| 1ceCube-Gen2
Energy [GeV] |

6% 167 10% 10 109 105 107 10° 10% 105
i 1k mission ener r
Source detection capability x 8 €, emission energy [erg]

With the updated detectors, we can challenge dim but frequent transients.
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Search for cosmogenic v with Gen2

30

>PeV neutrinos from interaction between p+yeug 2 AT o p+nt

cosmic ray and CMB photons

a.k.a., GZK neutrinos

VGzK

— a=2.5, F. =100 EeV
- a=2.5, Fy..=10% EeV
- a=2.5, By =10° EeV
IceCube EHE 9 year
- - Auger ICRC2017
\0 ¢ lceCube HESE 6 year | -~ g
Y -

107 — . .
— a=2.0, E,., =100 EeV
; o - a  —2.0, E,u — 10° EeV
Astrophysical flux model | ' .
_6 - =-(7en/ (1) vears)  sssssms . - R — 1 _ 5
10 E Bl IceCube-Gen2 (10 years) (power iaw, index = -2.5) o 10 61 a=2.0, E,.. = 10° EeV
o 1 IceCube n — a=2.9, E,.. =100 EeV
IE ] ¥ n cis @=2.9, By~ 10° EeV
HU 10_7 -E ? 10-7 -\ - {}_2'9’ Eluim - 10_‘ EEV
| E % E
7 + v
— ] s >
W 1078 el T e B 8 77777
> 3 -
m -
O : [ 3
= - o -
e 1074 = 107 ]
X ] : 5
T-‘LI ] [ ?:q
10—10 3 - - |
] 1 1 1 1 1 1 1 F

O(10) or bigger sensitivity reaches flux
level of various model predictions!
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What's next target?

P, X E, Xp £, » Neutrino emissior) energy per source
p . Source rate density

1077 —107°
| 3
_4_
10 g
] I 7
— 10-5. 510 |(:n
m; 10_6-; tﬁ
|8 :_10—8 E
-7 [ Q
s 10774 gy
S 108 ~
? :107° 8
3 - =
107°7 fnconsiste 3
1 I ~
| (too small) W
1010 . | | | | | L 110-10
1048 1049 1050 1051 1052 1053 1054
Ey lerg]
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