
"за вирішальний внесок у роботу нейтринної 
обсерваторії IceCube та відкриття нейтрино 
високих енергій астрофізичного походження”

Нобелівська премія з фізики 2026

“for decisive contributions to the IceCube Neutrino 
Observatory and the discovery of

high-energy neutrinos of astrophysical origin”

Френсіс Гальзен 

(University of Wisconsin-
Madison,  USA)

Семінар Тернопільського осередку УФТ, 13.11.2026

Prize amount: 12 million Swedish kronor.



The Standard Model

The Standard Model explains how the basic building blocks of matter interact, governed by four fundamental forces.

https://home.cern/science/physics/standard-model/
https://www.neutrino-physics.com/blog/neutrino-flavors/



"за відкриття взаємних перетворень 
нейтрино, яке доводить, що 

нейтрино мають масу“

Нобелівська премія з фізики 2015

Семінар Тернопільського осередку УФТ, 19.11.2015 р.

Такаакі Кадзіта
(Takaaki Kajita, University of Tokyo, Kashiwa, Japan)

Артуру Макдоналду 

(Arthur B. McDonald, Queen’s University, Kingston, Canada)

“for the discovery of neutrino oscillations, which shows 
that neutrinos have mass” 



Детектування нейтрино

Wang Ganchang 
(1907-1998)

Бета-захоплення (Кан-Чанг Ванг, 1942)

Клайд Ковен Фредерік Райнс

Нобелівська премія 1995 
"for the detection of the neutrino and 
pioneering experimental contributions 

to lepton physics" 

1956 (Los Alamos, Hanford, Savannah) 



1988 Nobel Prize in Physics "for the neutrino beam method and the demonstration of 

the doublet structure of the leptons through the discovery of the muon neutrino"  

     1997-2000 
Direct Observation of 
the NU Tau (DONUT) 
collaboration

1962



Homestake experiment та Solar neutrino problem

John N. Bahcall

(1934-2005)  
Raymond Davis, Jr. 

(1914-2006)  

Нобелівська премія 2002 
"for pioneering contributions 
to astrophysics, in particular for the 
detection of cosmic neutrinos“ 

Разом з Masatoshi Koshiba 
(Kamiokande II) 



Super-Kamiokande



©Kamioka Observatory, ICRR (Institute for Cosmic Ray Research), The University of Tokyo 



  

Francis Halzen 

Born: 1944 in Tienen, Belgium.   

Affiliation at the time of the award: University of 
Wisconsin–Madison, USA.
Professor Emeritus, Department of Computer 
Science  

https://user-web.icecube.wisc.edu/~halzen/
https://www.physics.wisc.edu/directory/halzen-francis/
https://icecube.wisc.edu/

Нобелівська премія з фізики 2026

 Master's degree 1966 KU-Leuven, Belgium
 PhD 1969 from KU Leuven, Belgium
 Agrégé de l’Enseignement Supérieur, KU-Leuven, 

Belgium



  

Fellowships

1994: Fellow of the American Physical Society
2013: Breakthrough of the Year Award by the journal 
Physics World for the first-time discovery of cosmic 
neutrinos beyond the Milky Way
2015: Balzan Prize
2015: Giuseppe and Vanna Cocconi Prize of the 
European Physical Society
2018: Bruno Pontecorvo Prize for significant 
contribution to the IceCube detector construction and 
experimental discovery of high-energy astrophysical 
neutrinos.
2019: Yodh Prize of IUPAP
2021: Homi Bhabha Medal and Prize of IUPAP and 
TIFR
2024: Elected to National Academy of Sciences
2026: APS Medal for Exceptional Achievement in 
Research

Нобелівська премія з фізики 2026

The Balzan Fellowship in His Honor: Established in 
2015 at the Wisconsin IceCube Particle Astrophysics 
Center (WIPAC):

Marjon Moulai

Daan van Eijk (2017-2019)

https://www2.wipac.wisc.edu/people/fellows

https://www.physics.wisc.edu/wp-content/uploads/2026/02/
FH_shortCV_02192026.pdf
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Halzen was born in Tienen and studied physics in Leuven. He obtained both his master's degree (1966) and his PhD (1969) at our University. After his studies in 
Leuven, he moved to the United States. He has been affiliated with the University of Wisconsin–Madison since 1972.

https://nieuws.kuleuven.be/en/content/2026/ku-leuven-alumnus-francis-halzen-nobel-prize-physics
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https://user-web.icecube.wisc.edu/~halzen/CV/FH_longCV_03112025.pdf
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https://user-web.icecube.wisc.edu/~halzen/CV/FH_longCV_03112025.pdf
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https://user-web.icecube.wisc.edu/~halzen/CV/FH_longCV_03112025.pdf



  https://www.scopus.com/authid/detail.uri?authorId=16482562900



   Quarks and Leptones: An Introductory Course in Modern Particle Physics
by Francis Halzen, Alan D. Martin, 1984



  https://www.smithsonianmag.com/smart-news/physicist-wins-nobel-prize-for-developing-a-
massive-ice-embedded-observatory-that-detects-ghostly-cosmic-particles-180989627/

The IceCube Neutrino Observatory in 2023 Christopher Michel via Wikimedia Commons under CC-BY-SA-4.0

https://commons.wikimedia.org/wiki/File:IceCube_Neutrino_Observatory_in_2023_02.jpg


  https://www.youtube.com/watch?v=ENNIgli_k8o

1992 - the first attempts to lower light sensors into the glacier at the South Pole,
... IceCube was finished in 2011

the ice is pure and transparent 
below a depth of 1400 metres. 
There, the flashes of light from the 
neutrinos could travel 300 metres 
before being absorbed.



  
https://www.youtube.com/watch?v=7PhX9NFSKBc



  https://arxiv.org/pdf/1207.4952v1



  
https://arxiv.org/pdf/1207.4952v1



  
https://arxiv.org/pdf/1207.4952v1

Baikal Neutrino Telescope NT200. 

The non-Russian contributions all came from DESY: the laser time calibration system, transputer farm in the 
shore station for fast data processing, an online monitoring system and a special underwater trigger tailored to 
register slowly moving very bright particles, not to mention the supply of Western electronics and glass spheres.



  

 AMANDA (80 optical modules on four strings at depths between 800 and 1000 m )

https://arxiv.org/pdf/1207.4952v1

switched off in April 2009, 
after more than 9 years of 
data taking
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https://youtu.be/7PhX9NFSKBc?t=647



  
https://arxiv.org/pdf/1207.4952v1

Fig. 14. Energy spectrum of atmo-
spheric neutrinos [Abbasi 2011].

Fig. 13. 7-year significance map of the Northern hemisphere derived 
with AMANDA [Abbasi 2009].



  

Mediterranean Sea: NESTOR, ANTARES, NEMO

Schematic of the ANTARES detector - 12 strings
(Astronomy with a Neutrino Telescope and Abyss 
environmental RESearch) 

flexible NEMO tower

https://arxiv.org/pdf/1207.4952v1



  
https://arxiv.org/pdf/1207.4952v1



  
https://arxiv.org/pdf/1207.4952v1



  
The IceCube collaboration included about 450 international scientists at roughly 60 institutions as of January 2025.

https://www.youtube.com/
watch?v=xUBCvttShfA

5160 light sensors 
between 1450 and 
2450 metres below 
the surface divided 
between 86 cables



  

https://www.smithsonianmag.com/smart-news/a-record-breaking-ghost-particle-from-
outer-space-made-a-splash-of-light-in-the-mediterranean-180986062/?
itm_source=related-content&itm_medium=parsely-api

A digital optical module of the K3MNeT collaboration telescope, which identified the high-energy neutrino. N. Busser / CNRS



  https://arxiv.org/pdf/1612.05093

digital optical module



  
https://arxiv.org/pdf/1612.05093



  

Over a hundred million neutrinos from the 
atmosphere above Antarctica are registered 
every day. 
Cosmic rays also create neutrinos in the 
atmosphere and, of these, a few hundred a 
day reach IceCube after travelling right
through the Earth from the northern 
hemisphere.

In 2013, the research team reported the first 
evidence to support that they really had 
found cosmic neutrinos and, a couple of 
years later, they had gathered so much data 
they could be certain of their discovery.

Нобелівська премія з фізики 2026

https://www.neutrino-physics.com/blog/why-neutrinos-have-mass/



  https://doi.org/10.48550/arXiv.1911.02561

https://doi.org/10.48550/arXiv.1911.02561


  



  https://arxiv.org/pdf/1911.02561



  
https://arxiv.org/pdf/1911.02561

https://www.youtube.com/watch?v=Ddo3ZacR7A4
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https://youtu.be/7PhX9NFSKBc?t=647
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https://youtu.be/7PhX9NFSKBc?t=647



  

https://icecube.wisc.edu/
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  https://icecube.wisc.edu/science/beyond/



  
https://arxiv.org/pdf/1911.02561
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https://youtu.be/7PhX9NFSKBc?t=647



  

Використані джерела

Нобелівська премія з фізики 2026
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