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"for decisive contributions to the
lceCube Neutrino Observatory and the
discovery of high-energy neutrinos of
astrophysical origin”

Althea Dotzour/UW-Madison
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High-energy neutrinos as cosmic messengers

Neutrinos
No charge

Nearly
massless

Three
“flavours”

gamma 'y
x-rays X
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neutrinos . """ " °°

paper aluminum lead water
foil

The Earth is becoming optically thick to
neutrinos only above 100 TeV energies!



Neutrino Detection

"..toinstall detectors deep in a lake ora
sea and to determine the direction of
charged particles with the help of
Cherenkov radiation. ... We consider p-
mesons produced in the ground layers
under the detector”

— M. Markov, 1960



From water to ice

-’\‘% University of Wisconsin - Madison
2\

K/ UH-511-659-88

MAD/PH/428
June 1988

HIGH ENERGY NEUTRINO
DETECTION IN DEEP POLAR ICE

FRrRaNCIS HALZEN

Physics Department, Universily of Wisconsin, Madison, WI 53706
and

JoHN G. LEARNED

Phusics Department, University of Hawaii at Manoa, Honolulu, HI 96822

"..we suggest that field investigations begin
as soon as possible to examine the relevant
optical properties of deep Antarcticice. It is
amusing to envisage the Antarctic ice sheet
as a giant neutrino telescope, with the whole
earth as its rotating neutrino bandpass
filter."

DESY.

Nature 353, 331-333 (26 September 1991)
Observation of muons using the polar ice cap as a

Cerenkov detector

D. M. Lowder*, T. Miller*, P. B. Price*, A. Westphal*, S. W. Barwickt, F. Halzent &
R. Morse¥
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"Cerenkov radiation from muons was detected,
and a comparison of count rate with the
expected muon flux indicates that the ice is very
transparent, with an absorption length greater
than 18 m. Our results suggest that a full-scale
Antarctic ice detector is technically quite
feasible."



First tests in ice at the South Pole: AMANDA-A

¢1991-92,1993-94

e First demonstration
of hot water drilling

» 80 photomultipliers
deployed at
800-1000 m depth

e Scattering still too
strong for
reconstruction - go
even deeper for
AMANDA-B!

DESY. 7
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1995: DESY and Stockholm build
~100 modules for AMANDA-B, 86 deployed in

the season 95/96 at 1450- 1950 m depth
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NATURE 2001
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Observation of high-energy neutrinos
using Cerenkov detectors embedded
deep in Antarctic ice

E.Andrés*, P. Askebjert,X. Bai!, G. Barouch*,S.W. Barwicks, R. C. Bay ,
K.-H. Becker?, L. Bergstrim1, D. Bertrand#, D. Bierenbaums, A. Biron”,
J. Booths, 0. Botner**, A. Bouchta™, M. M. Boyce*, S. Carius' !, A. Chen",
D. Chirkin 9, J. Conrad**, J. Cooley*, C. G. S. Costaz, D. F. Cowen! !,

J. Dailings, E. Dalbergt, T. DeYoung*, P. Desiati®, J.-P. Dewulfz,
P.Doksus*, J. Edsjé, P. Ekstrom{, B. Erlandssont, T. Feserss,

M. Gaug”, A. Goldschmidt', A. Goobar', L. Gray*, H. Haase",

A. Hallgren**, F. Halzen*, K. Hanson! {, R. Hardike*, Y. D. He ,

M. Hellwigs s, H. Heukenkamp ™, G. C. Hill*, P. 0. Hultht,

S. Hundertmarks, J. Jacobsen |, V. Kandhadai*, A. Karle*, J. Kims,

B. Koci*, L. Kopkess, M. Kowalski”, H. Leich™, M. Leuthold”,

P. Lindahi!t, I. Liubarsky*, P. Loaiza**, D. M. Lowder, J. Ludvig ,

J. Madsen*, P. Marciniewski**, H. S. Matis , A. Mihalyi! {,

T. ndahkl“, T. C. Miller!, Y. Minaeva ', P. Miocinovic , P. C. Mocks,
R. Morse*, T. Neunhofferss, F. M. Newcomer! £, P. Niessen™,

D. R. Nygren ', H. Ogelman*, C. Pérez de los Heros**, R. Porratas,

P.B. Price , K. Rawdins*, C. Reed$, W. Rhode?, A. Richards', S. Richter”,
J. Rodriguez Martino', P. Romenesko*, D. Ross$, H. Rubinsteint,

H.-G. Sander$s, T. Scheiderss, T. Schmidt”, D. Schmeider,

E. Schneiders, R. Schwarz*, A. Silvestri™, M. Solarz), G. M. Spiczak?,
C. Spiering”, N. Starinsky*, D. Steele*, P. Steffen”, R. G. Stokstad ',
0. Streicher™, Q. Sunt, I. Taboadat {, L. Thollandert, T. Thon", S. Tilav*,
N. Usechaks, M. Vander Doncktz, C. Walckt, C. Weinheimers s,

C. H. Wiebusch”, R. Wischmewski”, H. Wissing™, K. Woschnagg',

W. Wus, G. Yodhs & S. Young$

In the meantime, AMANDA-I| WAS DEPLOYED

AMANDA-B10: ~ 0.006 km3

<—— Depth, 1,500 m

[ Optical
module

s

Main cable

_Pressure
=" housing

Silicon gel

Light diffuser ball

<«—— Depth, 2,000 m

Flgure 1 The AMANDA 810 de®ctor and aschematc dagram of an optical module. Each
dot represants an optica module. The modules are separa®d by 20 mon the inner stings
{10 4), and by 10montheouer stings 5 © 10). The coloured circles show pulsas fom
the phatomultiplers 1or a particular event, e szes of the cirdles Indcate e anpitudes
ofthe pulsas and the colours corespond 1o the time of a photon's arrival. Earller tmes am

in red and la®er ones In blue. The arrow Indcates he reconstucted track of he upwardly 9
nrnanatm minm



IceCube Neutrino
Observatory
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50lm
e 1km3 volume. '

« 5160 optical sensors on 86 strings.
« Construction: 2005-2011 |
« Costs: $ 270M 1450 m
* PI: Francis Halzen

2500 m

ICECUBE

NEUTRINO OBSERVATORY




IceCube constructlon (2005 2011)

5 MW hot water plant P Hot water drill

1250 of 5160
lceCube modules




Cosmic Neutrinos!




The Flux of High-Energy Cosmic Neutrinos

Combined Fit BPL Cascades and Tracks
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Nobel Prize 2026: scientific background
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https://www.nobelprize.org/prizes/physics/2026/advanced-information/

The Flux of High-Energy Cosmic Neutrinos
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Figure 6. The fit to the astrophysical neutrino flux, ®(E), multiplied by E2, where E is the
neutrino energy. Orange markers and shaded regions are for the combined fit of cascade and
track events. A broken power-law (BPL) neutrino spectrum is assumed. The blue markers and
shaded region are for a complementary analysis of so-called Medium Energy Starting Events
(MESE), which is not described in this report. The combined fit analysis allows stronger
constraints on the higher-energy spectral index, while MESE gives stronger constrains on the
lower-energy spectral index, due to their respective sensitive energy ranges. The shaded
regions show 68% confidence level uncertainties. The flux from the candidate neutrino source,
active galaxy NGC 1068, and Milky Way (Galactic v) are small compared to the astrophysical
neutrino flux. Figure credit: IceCube Collaboration, Physical Review Letters 136 (2026)
121002.

Nobel Prize 2026: scientific background
PRL 2026, Richard Naab, 2024, HU Dissertation
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Evidence for a break in the diffuse extragalactic neutrino
spectrum
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A Decade of Neutrino Astrophysics with IceCube

2013 2018 2021 2022 2023 2024
ASTROPHYSICAL BLAZAR GLASHOW ACTIVE GALAXY MILKY WAY ASTROPHYSICAL
NEUTRINOS TXS 0506+056 RESONANCE NGC 1068 NEUTRINO EMISSION TAU NEUTRINOS

DISCOVERED NEUTRINO EMISSION NEUTRINO IDENTIFIED NEUTRINO EMISSION IDENTIFIED IDENTIFIED

IDENTIFIED IDENTIFIED




yLhe story continues:
IceCube Upgrade
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"y lceC Upgrade: 5 new strings deployed 2025/26

¥ | .

LS 2

Gen2 DOM
prototype deployed

’ b
7 4
) ¥
1
!
Y

—
D-Egg & mDOM
main Upgrade sensors



' "\ lceCube-Upgrade: 5 new strings deployed 2025/26
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ICECUBE

Surface Array | Station
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Optical Array | Sensor IceCube | Laboratory

Credit: DESY & SciComLab



ICECUBE

T S

lceCube-Gen2
(2030-2040)

lceCube

Radio A (2005-2011)
AMANDA

(1995-2000)

S — 3 ,,,,, .
AMANDA ~ . 4

0.016 k.
Energy > 1011 g\ km3i IceCube - 1 kms

Energy » 101 gy Eggrtg;a:%:(?m .
: ev

Energy > 1016 gy

Optical armayTserrsor oratory

Credit: DESY & SciComLab




IceCube-Gen2 on the German shortlist for large research
infrastructure

German proposal: 59 Mio. Euro for

. construction (~90 % capital costs)
Forschungsinfrastruktur (FIS) @ Additional 15,5 Mio. Euro as in-kind

[ e o ° 1 .
Priorisierungsverfahren L) Deliverables:
3500 optical sensors
G CR'EATI'O"N, Me'dizinisc}.le !-Iochschule Hannoyer, Q.niversitétsm'edizin Gottingen, ) G ° A Ia rge fra Ct|on Of th e Rad |O- a nd
Universitatsklinikum Leipzig, Fraunhofer-Institut fiir Zelltherapie und Immunologie G o
(Leipzig/Potsdam-Golm/Halle (Saale)/Rostock/Wiirzburg) e Su rfa Ce a rray
0 DALI, Helmholtz-Zentrum Dresden-Rossendorf e.V. e @ G
Vorphase fiir das Einstein-Teleskop, RWTH Aachen, Universitit Miinster, @ = . =
G Ruhr-Universitat Bochum, Technische Universitat Dresden &0 @ ReVIQW Se p 7 . '8 .. U pd ate On p rOJ eCt
m HBS-I, Forschungszentrum Jiilich, Helmholtz-Zentrum Hereon (Geesthacht) Statu S ] fu n d i n g n GEdS a n d eSta b I iS h
€ 1ceCube-Gen2, Deutsches Elektronen-Synchrotron (Hamburg/Zeuthen), d ecC i S i on po i nts
Karlsruher Institut fiir Technologie G
e LEGEND-1000, Max-Planck-Institut fir Kernphysik (Heidelberg), ?
Technische Universitat Minchen

0 PETRA 1V, Deutsches Elektronen-Synchrotron (Hamburg)
Q RIDLOP, GESIS - Leibniz-Institut fiir Sozialwissenschaften (Kéln/Mannheim) m

9 SLICES-DE, Technische Universitdat Miinchen

g « ICECUBE
\ GENZ2 20




Forschungsinfrastruktur (FIS) e

Priorisierungsverfahren R

@ CREATION, Medizinische Hochschule Hannover, Universititsmedizin Gottingen,
Universitatsklinikum Leipzig, Fraunhofer-Institut fiir Zelltherapie und Immunologie G G o
(Leipzig/Potsdam-Golm/Halle (Saale)/Rostock/Wiirzburg) e

(E ) (C) (C)
&0 D

0 DALI, Helmholtz-Zentrum Dresden-Rossendorf e.V.

G Vorphase fiir das Einstein-Teleskop, RWTH Aachen, Universitat Minster,
Ruhr-Universitat Bochum, Technische Universitat Dresden

2) HBS-I, Forschungszentrum Jiilich, Helmholtz-Zentrum Hereon (Geesthacht)

o IceCube-Gen2, Deutsches Elektronen-Synchrotron (Hamburg/Zeuthen),
Karlsruher Institut fiir Technologie

e LEGEND-1000, Max-Planck-Institut fir Kernphysik (Heidelberg),
Technische Universitat Mlnchen

AT ¢

Karlsruher Institut fir Technologie

0 PETRA 1V, Deutsches Elektronen-Synchrotron (Hamburg)
Q RIDLOP, GESIS - Leibniz-Institut fiir Sozialwissenschaften (Kéln/Mannheim) m

e SLICES-DE, Technische Universitdat Miinchen

‘9. ICECUBE

\

GENZ2

IceCube-Gen2 on the German shortlist for large research
infrastructure

German proposal: 59 Mio. Euro for
construction (~90 % capital costs)
Additional 15,5 Mio. Euro as in-kind
« Deliverables:
3500 optical sensors
» Alarge fraction of the Radio- and
surface array

Review Sep 7.-8.: update on project

status, funding needs and establish
decision points

20
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"for decisive contributions to the
lceCube Neutrino Observatory and the
discovery of high-energy neutrinos of
astrophysical origin”

Althea Dotzour/UW-Madison
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credit: M. Wolf, IceCube/NSF




