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	PEPE_Hydrangea_1.png, PEPE_Hydrangea_1_transparent.png
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	A visualization of the Glashow event recorded by the IceCube detector. Each colored circle shows an IceCube sensor that was triggered by the event; red circles indicate sensors triggered earlier in time, and green-blue circles indicate sensors triggered later. This event was nicknamed “Hydrangea.”
	IceCube Collaboration

	Glashow-Resonance_FD.png
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	A Feynman diagram showing the Glashow resonance observed by IceCube: an electron and an electron antineutrino interact to produce a W– boson, which subsequently decays into secondary particles.
	IceCube Collaboration

	Fig1.JPG
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	Visualizations of IceCube data for the Glashow event, adapted from the Nature paper.

The top left is a schematic of an escaping muon traveling faster than the speed that light propagates in ice, resulting in a cone of Cherenkov light (orange). The muons reach the nearest IceCube sensors (DOMs 54 and 55 on string 67, labeled) ahead of the Cherenkov photons produced by the electromagnetic component of the hadronic shower (blue) since these photons travel at the same speed as light in ice.

The top right is an event view showing sensors that triggered across IceCube. Each bubble represents a sensor; its size is proportional to the deposited charge. Colors indicate the time each sensor first triggered.

The lower panels show distributions of the deposited charge over time on the two earliest hit sensors, DOMs 54 and 55. The dotted red line indicates t1 = 328 ns, the instant shown in the top left of the image. The histogram in red and blue shows photons arriving prior to and after t1, respectively. The blue shaded region denotes saturation of the photomultiplier tube in the sensor.
	IceCube Collaboration

	photon-burst_Glashow.png
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	This simulated image shows the paths traveled by Cherenkov photons from secondary particles after the decay of a W– boson produced in a Glashow resonance event. Each photon travels a random distance in a straight line, then scatters off dust or other impurities in the ice and is deflected in a different direction; the photon continues along that new direction before being deflected again, and so on. The colors correspond to the amount of photon scattering, with yellow changing to darker red after each subsequent deflection. Photons from escaping muons can be seen ahead (lower right) of the main shower.
	Lu Lu, IceCube Collaboration

	[NEW as of 5 March] Nature-Glashow_Illustration_PMT_Final.jpg
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	A South Pole scene of the IceCube Laboratory against a backdrop of auroras displayed inside an artistic rendition of a photomultiplier tube. The resonance is depicted as a glowing blue rod, representing the first string in IceCube to observe early pulses from the event.
	IceCube Collaboration (ICL photo by Yuya Makino, IceCube/NSF)

	2021_IceCube_Timeline_Final-01 (jpg and pdf)
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	A timeline of major milestones in neutrino astronomy.
	IceCube Collaboration

	Glashow-Diagram_Final (jpg and pdf)
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	The electron antineutrino that created the Glashow resonance event traveled quite a distance before reaching IceCube. This graphic shows its journey; the blue dotted line is the antineutrino’s path. (Not to scale.)
	IceCube Collaboration

	2020week08_icl_jmhardin.jpg
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	The IceCube Laboratory at the South Pole. This building holds the computer servers that collect data from IceCube’s sensors under the ice.
	John Hardin, IceCube/NSF

	IceCube_schematic_wlabels.png
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	A schematic of the in-ice portion of IceCube, which includes 86 strings holding 5,160 light sensors arranged in a three-dimensional hexagonal grid.
	IceCube Collaboration

	collaboration_Chiba.jpg
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	The IceCube Collaboration is made up of over 400 scientists from 53 institutions in 12 countries around the world.
	IceCube Collaboration

	2020week45_station_02_ymakino.jpg
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	The Amundsen-Scott South Pole Station is a research center operated by the U.S. National Science Foundation—the only one at the South Pole. Scientists from around the world who work on the South Pole’s various experiments all live at the station, some of them year-round.
	Yuya Makino, IceCube/NSF

	2019week45_snow_meas_2_ymakino
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	A couple of IceCube scientists at the South Pole taking snow measurements. The IceCube Laboratory is in the background on the left.
	Yuya Makino, IceCube/NSF

	2020week16_aurora_03_ymakino
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	IceCube is located at the South Pole, which remains in darkness for half the year. Those brave enough to live at the Pole during the long, sunless winter are rewarded with stunning views of the night sky, including the aurora australis, or “Southern Lights.” The building illuminated in red in the lower left is the IceCube Laboratory.
	Yuya Makino, IceCube/NSF

	ChristianHaack.jpg
[image: ]
	Dr. Christian Haack, Technical University of Munich
	Courtesy of Christian Haack
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	Professor Lu Lu, Wisconsin IceCube Particle Astrophysics Center/University of Wisconsin–Madison
	Courtesy of Lu Lu

	TianluYuan.jpg
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	Dr. Tianlu Yuan, Wisconsin IceCube Particle Astrophysics Center/University of Wisconsin–Madison
	Courtesy of Tianlu Yuan
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Neutrino research has had a renaissance in the last few decades,
but its history stretches back nearly 100 years.

From the neutrino’s prediction to its discovery, and from particle
physics to astrophysics to neutrino astronomy, explore this
timeline to see how the particle that is almost nothing is fulfilling
its promise to tell us almost everything about our universe.

1930

Wolfgang Paull postulates hypothetical
“neutron” particle

1956

Clyde L. Cowan and Frederick Reines
discover neutrine

1960

Sheldon Glashow predicts his
namesakeresonance

1970

Homestake experiment detects electron
neutrinos produced by sun

1978

Stanford Liriear Accelerator Center detects
tau lepton, tau neutrino theorized

1983

KamiokaNDE (Karnioka Nucleon Decay
Experiment) in Gifu; Japan,
becomes operational

1989

Kamiokande becomes second experiment
to detect solar neutrinos and confirms
anomalous lower-than-expected rate

First surveys for aneutrinotelescope at the
South Pole

1994

Liquid Scintillator Neutrino Detector
experiment proclaims first evidence for
possible neutrino oscillations, in tension with
othierexperiments

1998

Super-Kamiokande collaboration announces
evidence of nonzero neutrino mass

NT200'heutrino detector in Lake Baikal completed

2000

AMANDA (Antarctic Muon And Neutrino
DeteCtor Atray) at the South Pole completed

2008

ANTARES (Astronomywith a Neutrino Telescope and
Abyss environmental RESearch) neutrino detectorin
the Mediterranean Sea completed

2013

IceCube discovers astrophysical neutrinos
with energies greater than 10% eV’

2014

IceCube discovers highest energy neutrino to
date, nicknamed Big Bird (210 eV)

2015

IceCube confirms cosmic neutrino fluxwith
muon netrinos traversing Earth, including a
7x10' eV neutrino

2018

Science papers describe first detected source
of neutrinos—active galaxy TXS 0506+056,
identified in 2017 by first successful
multimessenger campaign

b b

1933

Enrico Fermi develops theory of weak
interaction and baptizes the neutrino

1960

Moisey M. Markov proposes installing
neutrino detectors underwater

1962

Brookhaven National Laboratory discovers
second neutrino flavor (muon neutrino)

John Linsley detects first 10%° eV cosmic ray

1967

Bruno Pontecorvo predicts neutrino flavor
oscillations

1969

Veniamin S. Berezinsky and GeorgyT.
Zatsepin propose cosmogenic newtrino
production theory:

1976

DUMAND (Deep Underwater Muon and
Neutrino Detector) project begins

1980

Firstsurveys foraneutrinotelescope in
Lake Baikal, Russia

1987

Kamiokande, the Irvine-Michigan-Brookhaven
detector, and Baksan Underground Scifitillation
Telescope detect simultaneous burst of
neutrinos from Supernova 19874

1991

GALLEX (Gallium Experiment) at Gran Sasso
National Laboratoryin ltaly and

SAGE (Soviet-American Gallium Experiment)
in Russia confirm missing solarneutrinos result

1996

First high-energy neutrino events recorded in
Lake Baikaland at the South Pole

1999

IceCube submits proposal for cubic-kilometer
South Pole neutrino detector

2001

AMANDA publishes first neutrino skymap
with 600 events in Nature

2010

IceCube construction completed

.
IceCube announces the detection of a6.3 PeV
neutrino via the Glashow resonance
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The electron antineutrino that created the Glashow resonance event traveled quite a
distance before reaching IceCube! It was created somewhere outside our'galaxy, then
made its way to our solar system and our planet at close to the speed of light before
colliding with an electron in the South Pole ice. That collision resulted in a W~ boson,
which soon decayed into a shower of other particles:
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