
A NEW WINDOW 
TO THE UNIVERSE.
IceCube and the discovery of high-energy 
astrophysical neutrinos

Jakob van Santen  
2026-10-19

credit: M. Wolf, IceCube/NSF



￼2

Nobelpreis für Physik

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

Oktober 2026 1

„für entscheidende Beiträge zum Neutrino-
Observatorium IceCube und zur Entdeckung 
hochenergetischer Neutrinos astrophysikalischen 
Ursprungs“

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



How did we get here?
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High-energy neutrinos as cosmic messengers

The Earth is becoming optically thick to 
neutrinos only above 100 TeV energies!
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From the early days to the  
IceCube Upgrade

Neutrino Detection 

“...to install detectors deep in a lake or a 
sea and to determine the direction of 
charged particles with the help of 
Cherenkov radiation. ....We consider µ-
mesons produced in the ground layers 
under the detector”  

— M. Markov, 1960 



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

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. Barwick†, F. Halzen‡ & 
R. Morse‡

"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."

University of Wisconsin - Madison 
UH-511-659-88 
MAD/PH/428 
June 1988 
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ABSTRACT 

We discuss the possibility of detecting the Cerenkov light of high energy 

muons traversing optically clear deep polar ice. We show that it presents us with 

a technique for gradually developing. a neutrino telescope in a location and a 

medium that is attractive from the physics point of view and is also cost effective 

compared to alternative proposals. 

The detection of neutrino emission from supernova 1987 A 1 and the discovery 2 

that point sources beam -;-rays of energies up to 105 TeV has given a new urgency 

to the construction of cosmic ray telescopes with improved flux sensitivity. High 

energy 1-rays emitted by cosmic accelerators, such as Hercules X-1 or _Cygnus X-

3, are decay products of r.0 's and are therefore accompanied by a-neutrino beaffi 

from the decay of charged ;:- 's produced in the same high energy processes as the 

neutraln's. The neutrino flux is directly calculable 3 in tenus -of the observed 

1 flux and sets a benchmark for the next generation of neutrino telescopes. A 

detector of size {1 km)2 essentially guarantees first detection and useful study of 

the neutrino emission from binary stars. Cygnus X-3 alone, projected to have a 

flux of 10-14 ,...., 10-Is neutrinos cm-2s-1 , guarantees observation of 103 events 

per year. Wbether the ;-rays can be observed in the same neutrino (i.e. muon) 

detector is at present an open (but very exciting) question due to the uncertainty 2 

surrounding the muon content of ;-ray induced air showers. Besides supernovae 

and point sources, high energy cosmic ray-interactions in the atmosphere are a 

source of cosmic This flux of about 1 muon/2.5 m2 /year is interesting 

in itself and can be exploited to study, among other topics, neutrino oscillations 

over large distances (10 km or more) not available at accelerators. 

The challenge is to conceive detectors oflarge.area in an environment shielded 

from the large continuous cosmic ray backgrounds of particles at surface of 

the earth. Our basic idea is to exploit the dear optical characteristics of deep 

polar ice in order to use it as a medium in which to sense the Cerenkov radiation 

of muons produced by neutrinos (and possibly ')'-rays). TeV neutrino interactions 

will produce muons traYeling hundreds of meters upwards through the ice; see 

Fig. 1. The muon trajectory, identified by photomultipliers sensing the Cerenkov 

2 



First tests in ice at the South Pole: AMANDA-A
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• 1991-92, 1993-94 

• First demonstration 
of hot water drilling 

• 80 photomultipliers 
deployed at 
800-1000 m depth 

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



DESY team 1995
1995: DESY and Stockholm build 
~100 modules for AMANDA-B, 86 deployed in 
the season 95/96 at 1450-1950 m depth

 Mikolajski  Streicher              Thon        Spiering      Wischnewski 
                              Hundertmark                                                        Karle



NATURE 2001
In the meantime, AMANDA-II WAS DEPLOYED
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AMANDA-B10: ~ 0.006 km3 



IceCube Neutrino 
Observatory
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• 1 km3 volume. 
• 5160 optical sensors on 86 strings. 
• Construction: 2005-2011 
• Costs: $ 270M 
• PI: Francis Halzen 

The IceCube Neutrino Observatory 



IceCube construction (2005-2011)
5 MW hot water plant Hot water drill

Drill tower

Optical sensor deployment
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1250 of 5160  
IceCube modules  
produced @ DESY
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S

Cosmic Neutrinos!

Science, 2013



The Flux of High-Energy Cosmic Neutrinos

Nobel Prize 2026: scientific background
PRL 2026, Richard Naab, 2024, HU Dissertation

Cascades Tracks
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https://www.nobelprize.org/prizes/physics/2026/advanced-information/


The Flux of High-Energy Cosmic Neutrinos
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PRL 2026, Richard Naab, 2024, HU Dissertation

￼15

https://www.nobelprize.org/prizes/physics/2026/advanced-information/
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A Decade of Neutrino Astrophysics with IceCube
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The story continues: 
IceCube Upgrade 

IceCube-Gen2
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DESY. ￼18

Bild vom Südpol: IceCube-Gen2:  

Credit: Colton Hill / NSF, 2026

IceCube-Upgrade: 5 new strings deployed 2025/26



DESY. ￼18

Bild vom Südpol: IceCube-Gen2:  

Credit: Colton Hill / NSF, 2026

D-Egg & mDOM 
main Upgrade sensors  

Gen2 DOM   
prototype deployed

IceCube-Upgrade: 5 new strings deployed 2025/26
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Bild vom Südpol: IceCube-Gen2:  

Credit: Colton Hill / NSF, 2026

D-Egg & mDOM 
main Upgrade sensors  

Gen2 DOM   
prototype deployed

IceCube-Upgrade: 5 new strings deployed 2025/26

220 Upgrade mDOMs 
produced @ DESY



DESY. ￼19| IceCube-Gen2 | Marek Kowalski 5

The IceCube Gen2 array

Credit: DESY & SciComLab



DESY. ￼19| IceCube-Gen2 | Marek Kowalski 5

The IceCube Gen2 array

Credit: DESY & SciComLab

AMANDA 
(1995-2000)

AMANDA ~ 0.016 km3 Energy > 1011 eV

IceCube 
(2005-2011) 

   IceCube-Gen2                  
   (2030-2040) 



DESY.

German proposal: 59 Mio. Euro  for 
construction  (~90 % capital costs) 
Additional 15,5 Mio. Euro as in-kind  
• Deliverables: 

3500 optical sensors  
• A large fraction of the Radio- and 

surface array 

Review Sep 7.-8.: update on project 
status, funding needs and establish 
decision points  

IceCube-Gen2 on the German shortlist for large research 
infrastructure 
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Thank you
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