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Light propagation

- without detailed knowledge of the
optical properties of ice,
reconstructions are inaccurate
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lceCube Upgrade construction site, e
Dark sector, South Pole

lceCube Upgrade
string locations

Seasonal Drill Equipment Site
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IBEBUBE 30 GeV Muon

LUPGRADE
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one of the 2 baseline designs
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3x more photo-sensor area
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exploratory design
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one of the 2 baseline designs 3
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Drop operation

- measure stratigraphy

3D Position of Active Detector Components - Time: 21:55:00

. SweCam
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Run 124 UTC 2026-01-24_233239

Freeze-in observatlon e . -

Camera 92H .




Video: run012 string92H run 2026-01-24 233239 .

92H downwards, Day 2, Turbulence .

At (alpha,beta): 0 348 ' Video time: 00:00:33.133



Re-frozen ice’s bubble column measurement

60°

penetrator
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Camera 92H - Day 9

bubble column? bubble column



Ongoing: geometry measurement  sso
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Camera 90L watching string 88 Camera 92H watching string 90L
blue LED of ~10 mW in 20 m distance white light of ~ 5 W in 40 m distance




&2 ICECUBE | DETECTORS

\ GENZ2 SURFACE * RADIO * OPTICAL

IceCube
- _ Laboratory

long trench fram ICL

Amundsen—Scott South
Pole Station, Antarctica

A National Science Foundation-
managed research facility

Cosmic Ray Surface Array 1370 m

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

One surface station installed
above each optical string

49 PELMIMMANNAAAAAAAAAA A 400 000000 008 0 00 FaTs s

“ 4

g“‘,( ‘,L‘tﬂl &l‘ YA : S—
"'“N““““““‘-‘-nuuunt WA DD 209202 P TSI TY ST PP PIVPIVIrrry
A s

-

.

" . “‘ : 4 » 4 » 3m

e A NI

SORSSEIRDA SRR ANARIAIARARSBERSANIAN
Al o S

T T T T T T Y eaaaa———
e “ais sesien -—
PPV P
il FRVPPee e

. .“‘.‘".'.“.‘”;‘f“%“‘l.’."a.&:.ﬂ;j‘-;"A_.;‘.T:..':.“‘::_E at o - ~
uunuu;-uuuno.AuA‘uAup.ul.u Cireere ,\ [ \ "n 3
IE T Y i o ) =
.

AdA BAASAARARSAAARAMAMALRALARARRAL
. PP T et LT LI N PR R P
......‘....“..... shans /

&
; g : Ev % e X

®io W ; HELE L SHg e, e Shallow Deep +

AR R S e e g e Station Shallow

. &3 s S S R Station

£ ' : | e R St s A 20m ®

3 .13 Ihes : s S o P A ‘ ¥

i T3 £ Y3 i - : f

| Rt ] : ‘~ "

D Below-Ice
N | Radio Array
|

T s | AT H”W 'H[M‘ ! “ | 361 detector
- Antarctic bedrock 2 l If IH' “ [ stations spread
i over an area

T L

.,
-

IceCube-Gen2 Optical
Module

80 modules on

each string, spaced
17 meters apart < IceCube > |
(1 km)

4x the sensitivity of IceCube's
modules

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

4 IceCube-Gen2 S
(5 km) ‘ 200 m




Summary

successful low-energy extension of IceCube in winter

2025/2026

first extension of IceCube after 15 years of stable
operation

significant extension of the scope of lceCube

a lot of new data incoming from the lceCube Upgrade
right now: calibration
end of year: science

work on IceCube-Gen2 to push the frontiers of neutrino
astrophysics and particle physics
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Backup
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Normalized signal

The Antarctic ice is our detector medium!

Tilt: 17.9m
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30 GeV Muon

MCinicePrimary
Type/Status: NuMu.NotSet
Zenith/Azimuth: (44.3, 11.1) deg
Vertex: $63.2, -92.7, -384:3) m
Time: 9952.890 ns
Energy: 30 GeV
Speed: 1.000 ¢

.

MClinicePrimary
Type/Status: NuMu.NotSet
2Zenith/Azimuth: (44.3, 11.1) deg
Vertex:463.2, -92.7, -394:3) m
Time: 9952.890 ns
Energy: 30 GeV
Speed: 1.000 ¢

.

3x more photo-sensor area

20



lce

clear ice

Light propagation
- without detailed knowledge of the optical properties
of ice, reconstructions are inaccurate
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Upgrade Baseline Modules

450 mDOM 290 D-Egg

24 PMT with angular Ellipsoid glass with
sensitivity in every thin diameter with 2
direction PMT

22



Optical array: increasing from 1k
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'Video: run012 strlng92H run_2026-01-24.233239 UlC: 2026-01-24 23:44:57

92H sideways, I?qy 2, Turbulence -

.(“ ‘ k

s
.
At (alpha,beta): 108 348 Videogitime: 00:11:22.400




Sweden

Camera
in AMANDA

1998
(P.O. Hulth,
L. Thollander)



https://www.youtube.com/watch?v=hiJVajBA9TQ&t=548s

lceCube Present & Future

vy Gen2-Radio ® IceCube-Gen2

SR e
: u:::.. : v: 9 » : : :- :. :-I. .i_-:-_': .
Sﬁ'\' : 1 km

Build: after Upgrade

lceCube-Gen?2

Neutrino Astronomy from TeV to EeV

® IceCube

Completed: 2011

#= IceCube Upgrade

Built: 2025-26

lceCube Upgrade
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