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Cosmic Ray Surface Array

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

One surface station installed
above each optical string

IceCube-Gen2 Optical
Module

4x the sensitivity of IceCube's
modules

9,600 new optical modules in
total to be deployed in the ice

80 modules on
each string, spaced
17 meters apart
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Below-Ice
Radio Array

361 detector
stations spread
over an area
of 500 km?

Amundsen—Scott South
Pole Station, Antarctica

A National Science Foundation-
managed research facility
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IceCube-Gen2: extending the IceCube Neutrino Observatory

e |ncreasing the deep optical and surface arrays by eight-fold
e Large in-ice radio array for ultra high energy neutrinos

s IceCube Upgrade

v lceCube-Gen2 Radio @ IceCube-Gen2 Optical & IceCube
¥ ] " ] =
&
S0 e * ® @Q@,* i L
-'4:‘: g ERe; " " a . *
M @Q*a.%spfﬁ@*#@w s @ L . @ &
S I 80y a_,ﬁ?%? e ©® @
::::::::" 2*@*&-@9616&: ® o ® ® o ® .' &
I'ing'..'*'ﬁ‘:. e @ $$$@f.- '&_Wg N ¥ o * )0 a ot o
> aa a0 0 at gt e ® & o8| Jaaselt, 9 s ®* * @ ..
Batan e o gt,t n e o ® 0 g erile L . "  ® @ ®
*'s"s olu et ty b 0 et g O a% ...... * TR s ® s @ '-,.. e @
...'..*i.'..* A .&@ ﬁﬁ %&..::' O o & u:... ® L ]
‘.. L '_I."'."'E ? ] Y N RO @ L ] ® .n.. & ® ®
i...**.'.'_‘* %* *-ﬁ' ........ a @ bl a ]
."...|.*"..ﬂ 2 8 *&% [ ] B o ® L ]
A R R e S e ﬁﬁ‘@*miﬂﬁ . a ® o @ a @
o s a"sy ﬁﬂﬁﬁaﬁ.*‘@ e © &
L NN e . s ® a ®
ER e gy ee® c_“a% s ¢ "
L B 2 & &
5km ™" 1 km 250 m 25 m
361 radio stations 120 new strings / 9600 optical modules 86 strings; 5160 optical 7 strings; 790 modules
130 new surface stations modules
81 pairs of Surface detectors

z . ICECUBE
) BENZ (IceTop tanks)



Conceptual Design of the Optical Array

Field Hub

Surface Cables IceCube Lab Central
Infrastructure

Downhole Cable
Assembly
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Optical
Array

IceCube
Array

- 120 detector strings with 80 sensors

each.
- 8 km? instrumented volume of ice
- Optimized for high energy events



IceCube-Gen2 Optical Modules . .
rototype rototype

The new design compared to IceCube optical modules Gen2 16-PMT Module Gen2 18-PMT Module
has: |
e 4 x sensitivity.
e Less power consumption.

Uses the module “footprint” of the Upgrade D-Egg
(narrower module => smaller diameter drill hole, more
time and fuel efficient drilling), and the multi-PMT
concept of the Upgrade mDOMs.

Come in 2 flavors: 16 PMT / 18 PMT
6 of each type (12 in total) will be installed in the
Upgrade this year allowing in-ice testing and calibration.

One design will be selected for building during the
design phase of the detector. IceCube-Gen2 will install
9,600 optical modules Photo credit: Yuya Makino/WIPAC
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Radio Detectors for Highest Energies

e 361 radio detector stations
e 1.6 x 103 km? effective volume

South Pole ice is extremely transparent to radio waves (attenuation
length > 1.5 km).

Technology has been successfully tested at the South Pole (ARA) and
in Greenland (RNO-G).

LPDA

Calibration
Pulser

E Hpol

- 3 =Ty et e
[ . e B ey
w -

. IceCuseRNO-G Radio Station

Vpol

-20m




E2x ® [GeVs lsrlcm™?]

15
- - - = |ceCube-Gen2
utting it all together = .
1072 5 B 10}
] Astrophysical flux model @ -
1 IceCube-Gen2 (10 years) - (Aartsen et al., PRL 2020, model E) E‘:; TXS 0506+056 (2014/15)
| == ICNO+ (10 years) — -+ van Vliet et al. (TA UHECR) <
BN |ceCube ——- van Vliet et al. (Auger UHECR) B ol i i
106 - 4 KM3NeT : v I discovery threshold
O " 50 100 150 200 250 300
10-7 4 Flare duration (days)
P Ui L o e
I ] '
8 '\h
107° 4 -
: >
() Galactic to
— 19 _ extragalactic
| 10 transition
At lceCube-Gen2 Surface Array 51'
IE ] i ankle cut off
9 = cosmic-ray energy spectrum % **;:3.:,“, '
10 3 ~ complied from recent air-shower measurements ® + *
.. (gl
W ol 4 HAWC Phys.Rev.D 96 (2017) 122001 .
g‘ 1075 IceTop Infill Phys.Rev.D. 102 (2020) 122001 ¢
= ¢ IceTop Phys.Rev.D. 100 (2019) 082002
= KASCADE-Grande (ICRC2015, QGSjetIL.04)
-10 = t
10 . . 5 I . - 3 } Telescope Array PoS (ICRC 2019) 298 #
103 104 10° 10° 107 108 10° 1010 10lt 2 o7 $ Auger PoS (ICRC2019) 450
E[GeV] 13 14 15 16 17 18 19 20

GENZ2

zi ICECUBE lg(E/eV)
N



Large International Collaboration

IceCube-Gen2 Collaboration:

More than 400 scientists from
63 institutions in 15 countries.
https://icecube-gen2.wisc.edu/

THE ICECUBE-GEN2 COELABORATION
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https://icecube-gen2.wisc.edu/
https://icecube-gen2.wisc.edu/
https://icecube-gen2.wisc.edu/

Strong Community Support

lceCube has been received endorsements from major
reviews and roadmap processes.

The Report of the 2023 Particle Physics Project
Prioritization Panel (P5 panel):
Ranked among the top 5 particle physics projects in the US.

Recommendation: lceCube-Gen2 without reduction in scope.

Exploring
the

Quantum
dJniverse

,' 5\xploring 2023pbreport.org
e

Quantum
™ Universe
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Pathways to Innovation
and Discovery
in Particle Physics

'7]I’t of the 2023Pm| Physics Project Prioritization Panel
7

™ December 152003

Prl U.S. DEPARTMENT OF :@*

2 A -

@ ENERGY
SRR Y

in the US

US Decadal Survey on Astronomy and
Astrophysics 2020

ERING * MEDICINE

CONSENSUS STUDY REPORT

Pathways to Dlscovery in
Astronomy and Astrophysms

for the 2020_8

Strong endorsement of lceCube-Gen2.
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... and Internationally

European Astroparticle Physics Strategy 2017 — 2026 (APPEC roadmap) i‘;
"APPEC strongly supports the construction of the IceCube Upgrade, and the »

ambition to build IceCube-Gen2 in the following decade."

3%. ICECUBE

European
Astroparticle Physics
Strategy 2017-2026

Mid-Term Update
September 2023

Japan: IlceCube-GenZ2 is included in

T ] Jae the Japanese MEXT roadmap 2023,
riorisierungsve ren

2% L with a projected contribution of ~5

° %@ billion yen from Japan.”.

Selected to final road map for large
infrastructure in Germany (FIS)
2025, with 75M Euro allocated for
lceCube-Gen2.

11



Current Status

e Embarking on a 2-3 year design plan

O

O

Complete optical array design, including optical modules, readout, cables
Refine radio array electronics; continue to monitor progress in Greenland
m Plan to complete a site study to determine if IceCube-Gen2 radio array could be
installed in Greenland
e Many challenges: infrastructure, ice quality
Review results from prototype surface array stations; finalize designs as needed
Redesign the hot water drill to support larger inter-string distances of lceCube-Gen2;
replace and upgrade obsolete equipment; improve fuel efficiency
Review and refine logistical needs; work with NSF to build a supportable model in
terms of cargo, personnel, fuel, etc.

‘3§. ICECUBE
N
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Near term goals
Optical Strings

e Deploy optical module prototypes during the upcoming
South Pole field season
e Will review efficiency / reliability / calibrations in situ
e Complete the optical module mechanical and electrical
design and configuration
e Build, test, and document O(100) modules across two _
build sites (Japan / UW—-Madison+Chang Mai University)  Upgrade: Optical module production at DESY, Zeuthen
o Design uniform build procedures, fixtures, and
techniques that can be shared across build sites
o Develop comprehensive testing suites and
calibrations
e Prototype and test main downhole cable
o Can reduce size by a factor of 3

Gen2 cable )

gL

'/ 27-28 mm diam.

Main (downhole) cable: New trigger/data acquisition architecture
could allow a factor 3 reduction in cable size (cost, weight, and

GEN2 VOlume!). 13



Near term goals: Drilling

- IceCube IceCube |IceCube-
> r - = oy | Upgrade |Gen2
= r o ﬁ[l XL IXX_ .
A | . @B l" SR ;‘5 = ﬁ.‘. Hole Depth (meters) 2,450 2,600 2,690
4 : ¥ | N g : :
= o e SV “'\l . e Hole Diameter (centimeters) | 45 52 15
w"" o 3 ‘ . . . .
Installation Towers and W|nches Hole Lifetime (hours) 37 45-55 36
ICeCU be La bOratOl'y Hole Spacing (meters) 125 22 240
Number of Holes 86 7 120
Number of Field Seasons 7 1 9
\ Optical Modules/hole 60 112-115 80

Drill Camp

Photo: Ben Tibbets

A photo of the “drill camp” (source of pressurized hot
water for the drill). Drill camp comprises ~ 40 buildings.

‘zi. ICECUBE
N

Deep hot water drilling (> 1.6 miles!) at the South
+ = Pole is a unique capability of IceCube.

e The end of life for many elements is at hand.

e Need to develop/streamline drill and installation
towers to support larger inter-hole spacing; update
mechanicals and control systems.




Logistics

e Minimizing dependence on logistical support is a major goal of the program.

e Logistical support will play an important role. LC-130 flights (used for moving people and cargo) have
been reduced by factor of ~5 since IceCube was installed.

e However, overland transport (SPoT) has been established and, if expanded, could allow us to reduce
our dependence on flights by about a factor of 5.

e We plan to work with NSF/Antarctic Contractor to develop model for supporting logistics

Photo: Geoffrey Chen, SPT/NSF Photo: Albrecht Karle i



Schedule

2022 2023 2024 2025 2026 PY 1 PY 2 PY 3 PY 4 PY5 PY 6 PY 7 PY 8 PY 9 PY 10
m
IceCube Upgrade * IceCube Upgrade Rebaseline . Install 7 Upgrade Strings
Detector Vo optical Module Production
SOISHEEHON Sssswososd Radio station Construction
Prepare Drill || N N b N N N b b
3 Strings 4 16 20 21 21 21 14
5 Stations E‘] | | [ [ [ | | [ | ]
6 16 22 23 21 23 14

Radio 20 stations [l e e e [ (. (N
Installation 50 58 67 67 69 30

® 3 volume Technical Design Report completed June, 2024
® Spend the next 2-3 years completing designs

® Once project starts, will take 10 years to complete the full array
O Wil be taking data as the array is installed; could have 25 strings installed within 5 years of startup



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

Summary

e The lceCube-Gen2 Collaboration has been designing a detector that would provide an
order of magnitude greater sensitivity to high- and ultra-high-energy neutrinos.

e This project has been enthusiastically endorsed by the P5 and Astro2020 panels, and has
already been included in the strategic roadmaps of the German and Japanese funding
agencies.

e \We have prototype optical and surface array devices that will be completed and installed at
the South Pole in the upcoming South Pole field season.

e A radio array is being built in Greenland: we plan to use experience gained from the
development, installation, and commissioning RNO-G to guide the design of the radio array
for lceCube-Gen2.

e We plan to complete designs of the detector in the next 2-3 years and will be ready to
construct, test, and install the detector.

‘35. ICECUBE 17
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