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PpeHcic Nanb3eH

(University of Wisconsin-
Madison, USA)

Prize amount: 12 million Swedish kronor.

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

"3a supiwasibHUli BHECOK y pobomy HelUmpPUHHOI
ob6cepsamopii IceCube ma g8iokpummsi HelmpuHoO
BUCOKUX eHep2ill acmpogi3u4HO20 NMOXOO0XXEeHHS”

CewmiHap TepHoninbCcbkoro ocepeaky Y®T, 13.11.2026



The Standard Model

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

]

Hig_r;; boson

The relationship between them is parameterized by the Pontecorvo-Maki-
Nakagawa-Sakata (PMNS) matrix U

0 U, U, U.s o Ve, Vy, V- — are flavor eigenstates.
Vp | = | U Up2 Ups V2 1, o, V3 — are mass ejgenstates.
Ur U’rl UT2 U’r3 Vs

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




KUNGL.
42 52 VETENSKAPSAKADEMIEN
‘;_'_" THE ROYAL SWEDISH ACADEMY OF SCIENCES

HobeniBcbKa nipemis 3 dizuku 2015

Takaaki KapgsiTa .
(T'akaaki Kajita, University of Tokyo, Kashiwa, Japan)
ApTtypy MakjaoHanay

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

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

"3a 6I0KpUMMSs 63AEMHUX NepemeopeHb
, HelimpuHo, sike 00800UMb, WO
S HelimpuHO Mawmb mMacy*“

CemiHap TepHomniibcbkoro ocepeaky Y®T, 19.11.2015 p.



IleTeKTyBaHHS HEUTPHUHO

bera-3axoruieHHs (Kan-Uanr Banr, 1942)

— + [ +- - +
"u"E+|:l — N +8 —» e +e

= b
— Y +y s\d

<2.2 eVic?

108 109m 109 Wang Ganchang
0 n+ Cd-— Cd— Cd+
. Ve Y (1907-1998)
electron

neutrino

7 - Q =3
. L I -. AN ‘U

o« : |

1 L |

1956 (Los Alamos, Hanford, Savannah)

HobGeniBchka mipemist 1995
"for the detection of the neutrino and
8 . pioneering experimental contributions
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Leon M. Lederman Melvin Schwartz Jack Steinberger
Fermi Mational Digital Pathways Inc., CERM,
Accelerator Mountain Wiew, Geneva, Switzerland
Laboratory, California, USA

Batavia, lllinois, USA
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"
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Homestake experiment Ta Solar neutrino problem
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Raymond Davis, Jr.  John N. Bahcall
(1914-2006) (1934-2005)

HobGeniBcbka npemist 2002

"for pioneering contributions

to astrophysics, in particular for the
detection of cosmic neutrinos“

_ _ Pa3om 3 Masatoshi Koshiba
Tetrachloroethylene (Kamiokande II)
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©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

* Master's degree 1966 KU-Leuven, Belgium
* PhD 1969 from KU Leuven, Belgium
* Agrégeé de I’'Enseignement Supérieur, KU-Leuven,

Belgium

L]
Fl'a NCIS Ha |Zel'l Contact Information = Work Address

. . Office Phone Number: University of Wisconsin-Madison
Gregory Breit Professor and Vilas Research Professor 608-262-2667 222 West Washington Avenie

_ _ Cell Number: Suite 500

francis.halzen@wisc.edu 608-513-9815 Madison, WI 53703
(608) 262-2667 Fax Number: UNITED STATES
Chamberlin Hall 5293 608-262-8628

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

HoGeniBcbka npemia 3 disnku 2026




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

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

HoGeniBcbka npemia 3 disnku 2026

 CONGRATULATIO

NS, FRANCIS!

d |

a. IceCube Neutrino Observatory & - CTemuTH
£ lceCube Neutrino Observatory - OpuriHaneHe aygio
Walking into work as a @nobelprize laureate in physics. & &

Welcome back, Francis!




and international collaboration, has broadened our

understanding of the universe. The fact that his scientific career
began in Leuven is a source of great pride for us. On behalf of the
entire University community, we congratulate him on this historic

award.

Rector Severine Vermeire

Photo: Rector Vermeire with Emeritus Professor Frans Cerulus, Francis Halzen's PhD
| supervisor. In the back row, from left to right: Emeritus Professor Walter Troost, Emeritus
Professor Raymond Gastmans, and Emeritus Professor Toine Van Proeyen, who all

obtained their PhD together with Francis Halzen.

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
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-nobe

HoGeniBcbka npemia 3 disnku 2026



Experience

1996
1987
1985
1983
1982
1982
1977-1983
1980
1977
1977
1971-1983
1969-1971
1968-1969

Science Associate at CERN, Geneva, Switzerland

NSF — Japan U.S. exchange, Univ. Tokyo, Japan

Scientific Associate at CERN, Geneva, Switzerland

Fellow of the Japan Society for the Promotion of Science, U of Tokyo
Visiting Professor at the University of Durham, UK

Nordita Professor at the University of Helsinki

Lector at the University of Louvain, Belgium

Visiting Professor at the University of Hawaii-Honolulu
Consultant at the Rutherford High Energy Laboratory, Oxford, UK
Visiting Scientist at CERN, Geneva, Switzerland

Chercheur Agrégé of the National Science Foundation, Belgium
Scientific Associate at CERN, Geneva, Switzerland

Research Associate of the National Science Foundation, Belgium

https://user-web.icecube.wisc.edu/~halzen/CV/FH_longCV_03112025.pdf

HoGeniBcbka npemia 3 disnku 2026




Summer and Short-Term Positions

2012-13
2007
2007
1988
1987

1984
1981

1980
1975
1974-1975
1974

Aspen Institute for Physics

Summer program, CERN, Geneva, Switzerland
Scientific Associate at CERN, Geneva, Switzerland
Visiting Professor at the University of Durham, UK

Visiting Professor at the University of Durham, UK

Visitor in Joint Particle Physics & Astrophysics Program at Johns Hopkins
University, Baltimore, MD

NSF Japan — US Exchange, University of Tokyo, Japan
Visiting Professor at the University of Durham, UK

Visiting Senior Scientist of the Science Research Council at the University of
Durham, UK

Visiting Scientist at LBRL, University of California-Berkeley
Associate Scientist at the Brookhaven National Laboratory, Upton, NY
Consultant at the Argonne National Laboratory, Chicago, IL

Consultant at Fermilab, Batavia, IL

https://user-web.icecube.wisc.edu/~halzen/CV/FH_longCV_03112025.pdf

HoGeniBcbka npemia 3 disnku 2026




University of Wisconsin—-Madison Positions

2021—present Vilas Research Professor
2001—present Principal Investigator and co-Spokesperson for the lceCube project
1987—-present Gregory Breit Distinguished Professor

1984—present Director of the Institute for Elementary Particle Physics Research

Courses Taught by Year
19912021 Hilldale Professor
Academic Course # Course #
. . . . . Year (Fall) (Spring)
2013-2014 Acting Director of the Wisconsin lceCube Particle As 1672 —78 = a1
1973 -74 732 107
1974 -75 107 103
1977 Romnes Faculty Fellow 1o -7 o 108
1976 =77 104 -
1977 Professor 1977 -78 107 202
1978 -79 208 -
. 1979 - 80 202 170 (U of Hawaii)
1974 Associate Professor 1980 — 81 801 -
1981 - 82 109 735
. 1983 — 84 109 735
1972 Assistant Professor 1984 _ 85 107 109
1985 — 86 109 103
H 1986 — 87 -- 735
1971 Research Associate 1987 — 88 oe 505
1988 — 89 109 109
1989 - 90 109 a0
1990 - 91 735 109
1991 - 92 -- 735
1992 - 93 835 109
1993 — 94 835 109
1994 - 95 835 835
1995 - 96 801 109
1996 — 97 109 109
1997 — 98 109 109
1998 — 99 801 -
1999 — 2000 109 -
2003 -04 -- 107
2004 - 05 805 109
2006 — 07 109 -
2007 - 08 109 -
2008 -09 805 -
) ) 2009 -10 107 -
https://user-web.icecube.wisc.edu/~halzen/CV/FH_longCV_03112025.pdf 2010 - 11 107 -
2011 -12 -- 107
2014 -15 -- 535
2015 - 16 -- 535
. . i 2016 - 17 - 107
HoGeniBcbka npemia 3 disnku 2026 2019 - 20 109
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QUARKS AND LEPTONS:
An Introductory Course

in Modern Particle Physics

Francis Halzen

University of Wisconsin
Madison, Wisconsin

QUARKS &
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University of Durham
Durham, England
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Quarks and Leptones: An Introductory Course in Modern Particle Physics
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The IceCube Neutrino Observatory in 2023

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


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

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

Drilling for Science - The Making of the IceCube Neutrino Observatory 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=ENNIgli_k8o
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Fig. 4. The originally conceived DUMAND cubic kilometer detector and the phased down-
grading to the 1988 plan for a first-generation underwater neutrino telescope DUMAND-II.

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



Baikal Neutrino Telescope NT200.

To Shore

-— calibration laser

=— array electronjcs
= = \ module
e a3
VST
=— strin
electronics
module
-— OMs
-— S!ifjaska
electronics
6.25m module
Fig. 7. A "svjaska” (Russian for ”bun-
dle”) as used in GIRLANDA-86 for the
6.25m monopole search, with 4 PMTs in 2
6.25m cylinders (1) covered by hemispheric
plexiglass caps. The ”backpack” mod-
ule (2) contains electronics (5). Calibra-
. ~200m tion LEDs (4) are fixed at the geophys-
6 ical cable (3).
6m

Fig. 9. Left: The Baikal Neutrino Telescope N'T200. Right: One of the first upward moving
muons from a neutrino interaction recorded with the 4-string stage of the detector in 1996
[Balkanov 1999]. The Cherenkov light from the muon is recorded by 19 channels.

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.

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



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

switched off in April 2009,
after more than 9 years of
data taking

=

2 33

- - - e
-
-

33 33 82

— 1500 m

Fig. 11. The AMANDA configuration.
The detector consisted of 677 optical mod-
ules at 19 strings. Three of the strings have

— 2000 m

been sparsely equipped towards larger and
smaller depth in order to explore ice prop-
erties, one string got stuck during deploy-
ment at too shallow depth and was not
used in analyses. The Eiffel tower is shown
to scale for size comparison.

— 2500 m

https://arxiv.org/pdf/1207.4952v1
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https://youtu.be/7PhX9NFSKBc?t=647
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Fig. 12. Absorption coefficient (left) and scattering coefficient (right) in the South Polar
ice as functions of depth and wavelength [Ackermann 2006].
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Fig. 13. 7-year significance map of the Northern hemisphere derived Fig. 1_4' E”ergy spectrum of atmo-
with AMANDA [Abbasi 2009]. spheric neutrinos [Abbasi 2011].
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Mediterranean Sea: NESTOR, ANTARES,

Storey
(optical) L2
1A

~480m

'0.00OOGGOQGOOGGOOiGOO‘L@‘ -

Cable to shore

Junction Box

~180m

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

NEMO

flexible NEMO tower

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



40 The European Physical Journal H

[ Experiment | Location Technique Status
DUMAND Hawaii Water Cherenkov | turned down 1996
NT200+4 Lake Baikal Water Cherenkov | operating
GVD Lake Baikal Water Cherenkov | design phase
AMANDA South Pole Water Cherenkov | terminated 2009
IceCube South Pole Water Cherenkov | operating
ANTARES Mediterranean Water Cherenkov | operating
NESTOR Mediterranean Water Cherenkov | R&D for KM3NeT
NEMO Mediterranean Water Cherenkov | R&D for KM3NeT
KM3NeT Mediterranean Water Cherenkov | design phase
HIRES USA Air shower terminated 2009
Auger Argentina Air shower operating
TA USA Air shower operating
JEM-EUSO Satellite Air shower construction
ASHRA Hawaii air shower partial operation
CRTNT China air shower planned
ANITA Antarctica (balloon) | Radio (ice) flights continuing
RICE South Pole Radio (ice) terminated
ARA South Pole Radio (ice) construction stage 1
ARIANNA Antarctic shelf Radio (ice) construction stage 1
SALSA Open Radio (salt mine) | conceptual phase
SAUND Caribbean Sea Acoustic terminated
SPATS South Pole Acoustic test array operating
AMADEUS Mediterranean Sea Acoustic test array operating
ONvDE Mediterranean Sea Acoustic test array finished
Baikal Lake Baikal Acoustic R&D
GLUE USA Radio (moon) terminated
NUMOON Netherlands Radio (moon) operating
Kalyzhin Russia Radio (moon) operating
LORD Satellite Radio (moon) planned
FORTE Satellite Radio (Earth) terminated

Table 4. Instruments and R&D projects for high energy astrophysical neutrino detection

https://arxiv.org/pdf/1207.4952v1
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An observatory
in the ice

IceCube is a cubic kilometre of ice equipped
with light sensors on long cables, as well
as a building on the surface where the
signals from the ice are collected. Data are
then forwarded via satellite for analysis.

e e e e Cable tower

PARTICLES AND LIGHT i -

Most neutrinos that reach @ . " - -lesg " e T . ) s 1

IceCube travel straight through N i B 5160 Ilght Sensors
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©Johan Jarnestad/The Royal Swedish Academy of Sciences
The IceCube collaboration included about 450 international scientists at roughly 60 institutions as of January 2025.



N

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

https://lwww.smithsonianmag.com/smart-news/a-record-breaking-ghost-particle-from-
outer-space-made-a-splash-of-light-in-the-mediterranean-180986062/7?
itm_source=related-content&itm_medium=parsely-api
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Figure 3: Components of the DOM, showing mechanical layout (left) and functional connections

(right).

https://arxiv.org/pdf/1612.05093




Status~ Recent Systems-  History-

Detector Status

Data Acquisition

Comms~ Help

e

Logout

Currently Watched Alerts

4000
Current run: 128214 (5h:00m:07s) multirunfail

Run config:  sps-IC36-2016-infill-iceact-V259 2000

DAD release: New_Glarus5_14222:143282 runfail g -
Total ewents: 46107357 mandi_sndan_latency=500 2 2008

Active DOMs: 5408 L

Light mode: dark thrattledHaisySendce 1008

Control DetallsE] ICL owvertemp max2 '

pdaq [RuRKNE

ymintjdatapdsgle_. n_tar file count

DB bn RUNMINC state

08:00 1200 16:00

Active DOMs vs Expected DOMs

Other Components e e - — aibes DM
Excessive run fallure rate e — Erpoalsanags
DE - stop FPMaster Disk Usage Alarm g
13DAQDispatch [FINRHE| oo |3DAGDIspatch In RUNNING state " sem
I3MoniDomMon - stap |CL overtemp maxl
I3MeniDomSn - stop ICL overtemp min2 o 08:00 12:08 16:00
13MoniDomTcal - ICL temperature toa high PrF Latency
I3MoniMover - Lots of LEM overflows 75
13MoniPhysA - Max SHDAD Latency
PFDSTWriter [SUNRNE| Ma time between SMDWG alerts g =
PFFiltWriter - Max WxGoose 3 Temp E
PFMoniWriter [FNRNEl Max WXGoose 3 Temp (pages) 3%
PFOnlineWriter - Max WrCoose & Temp [
PFRawWriter - Maximum Miszing DOM: s b e

PFServer] [RUNMNE|
PFServer2 [RUNMNE|

i EEEIERERSEEE

Min WxCoose 1 Temp

SNDAG Processing Latency

Min WxCoose & Temp foee
PFServer3 - PFOSTWriter In RUNNING state 5
PFServerd - PRFIlWrter In RUNNING state =
sndaq - PFREWWrIter In RUNNING state g -
TFRateMonitor - PFServerl In RUNNING state :
uptimer - PFServer2 In RUNNING state N

Page WOs

PFServer3 in RUNMING state

PFServerd in RUNMING state

PriF latency too high

PrF rate too law

SERIOUS 3N alert triggered!

Suparnova DAQ state check

Test Alert

TFRateMontor in RUNNING state

08:00 1Z:00 A6:00

LEM Owerflows

Total averfiows.
-

08:00 1Z:00 A6:00
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has dropped out of data-taking in the run shown. This “operator” view includes controls to start/stop

https://arxiv.org/pdf/1612.05093

components and to page the winterovers.



COSMIC RAYS

Cosmic rays are atomic
nuclei that reach us
from space. The most
commen ones are
hydrogen nuclei, which
consist of one proton
[pl. Because they have
an electric charge, the
paths are affected by
space’s magnetic
fields, so we cannot
see where they come
from.

NEUTRINOS

The processes that give
protons high energies also
create neutrinos (v) with
high energies. The same
particle reactions also
produce gamma radiation.
The neutrinos are not
affected by magnetic fields,
so their direction of travel
can be traced back towards
the source. Nor are they
stopped by cosmic dust

or radiation.

RADIATION SOURCE

HIDDEN RADIATION SOURCE

L] Dust

S
pg :

“,?

GAMMA RADIATION

Gamma radiation [y is
light with far more
energy than visible light.
There are indications
that some cosmic
particle accelerators are
hidden behind matter
that stops gamma
radiation. Gamma
radiation can also lose
energy through
interactions with other
light an its journey
through space.

HoGeniBcbka npemia 3 disnku 2026

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.

IceCube astrophysical neutrinos are produced in hadronic interactions —
pion photoproduction and proton-proton collisions in cosmic accelerators.
Charged pion decay (7" — u™ + 1, followed by u* — €™ + v + )
produces a flavor ratio of approximately v, : v, : v = 1 : 2 : ( at the source.
After propagation over cosmological distances, oscillation averaging produces
an approximately equal ratio 1 : 1 : 1 at Earth. Deviations from this ratio could
signal new physics — for example, neutrino decay or non-standard
interactions.

https://www.neutrino-physics.com/blog/why-neutrinos-have-mass/
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We are design future of neutrino astronomy
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ongoing program to upgrade the performance of IceCube

* improved detector geometry
« each photomultiplier individually calibrated
« improved characterization of the optics of the ice
« improved muon angular resolution and
energy reconstruction using machine learning
* point spread function consistent with simulation

applied to 10 years of archival data (pass 2),
data unblinded, answer soon...

https://lyoutu.be/7PhX9NFSKBc?t=647

HoGeniBcbka npemia 3 pismkn 2026
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