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MADISON – On Earth, billions of subatomic particles called neutrinos pass through
us every second, but we never notice because they rarely interact with matter.
Because of this, neutrinos can travel straight paths over vast distances unimpeded,
carrying information about their cosmic origins.

Although most of these aptly named “ghost” particles detected on Earth originate
from the Sun or our own atmosphere, some neutrinos come from the cosmos, far
beyond our galaxy. These neutrinos, called astrophysical neutrinos, can provide
valuable insight into some of the most powerful objects in the universe.

For the first time, an international team of scientists has found evidence of high-
energy astrophysical neutrinos emanating from the galaxy NGC 1068 in the
constellation Cetus.

The detection was made by the National Science Foundation-supported IceCube
Neutrino Observatory, a 1-billion-ton neutrino telescope made of scientific
instruments and ice situated 1.5-2.5 kilometers below the surface at the South Pole.

These new results, to be published tomorrow (Nov. 4, 2022) in Science, were shared
in a presentation given today at the Wisconsin Institute for Discovery.

“One neutrino can single out a source. But only an observation with multiple
neutrinos will reveal the obscured core of the most energetic cosmic objects,” says
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Francis Halzen, a University of Wisconsin–Madison professor of physics and principal
investigator of the IceCube project. “IceCube has accumulated some 80 neutrinos of
teraelectronvolt energy from NGC 1068, which are not yet enough to answer all our
questions, but they definitely are the next big step toward the realization of
neutrino astronomy.”

IceCube is run by the international IceCube Collaboration, which comprises over 350
scientists from 58 institutions around the world. The Wisconsin IceCube Particle
Astrophysics Center (WIPAC), a research center at UW–Madison, is the lead
institution for the IceCube project.

WIPAC is responsible for the maintenance and operation of the IceCube Neutrino
Observatory, which includes ensuring that the detector runs around the clock. The
observatory detects neutrinos through tiny flashes of blue light, called Cherenkov
light, which are produced when neutrinos interact with molecules in the ice.

At WIPAC, a diverse team of scientists and technical and support staff make the
data science-ready, enabling a wide range of investigations to be carried out by
IceCube scientists. The WIPAC team delivered a new version of the first decade of
IceCube data that used a significantly improved detector calibration. This superior
dataset contributed to the identification of NGC 1068 as a neutrino source.

“Several years ago, NSF initiated an ambitious project to expand our understanding
of the universe by combining established capabilities in optical and radio astronomy
with new abilities to detect and measure phenomena like neutrinos and
gravitational waves,” says Denise Caldwell, director of NSF’s Physics Division. “The
IceCube Neutrino Observatory’s identification of a neighboring galaxy as a cosmic
source of neutrinos is just the beginning of this new and exciting field that promises
insights into the undiscovered power of massive black holes and other fundamental
properties of the universe.”

The galaxy NGC 1068, also known as Messier 77, is one of the most familiar and
well-studied galaxies to date. Located 47 million light-years away — close in
astronomical terms — this galaxy can be observed with a pair of large binoculars.

As is the case with our home galaxy, the Milky Way, NGC 1068 is a barred spiral
galaxy, with loosely wound arms and a relatively small central bulge. However,
unlike the Milky Way, NGC 1068 is an active galaxy where most radiation is not
produced by stars, but rather by material falling into a black hole millions of times



more massive than our Sun and even more massive than the inactive black hole at
the center of the Milky Way.

The excess of about 80 neutrinos detected from the direction of NGC 1068 were
found after improving analysis techniques and reprocessing data — work led by
IceCube researchers at WIPAC. The revealing neutrino interactions seen in IceCube
were modeled using new computational techniques that allow better measurement
of each neutrino’s incoming direction, as well as machine learning for a more
accurate measurement of the neutrino energy.

This latest result is a significant improvement from a prior study of NGC 1068
published in 2020, according to Ignacio Taboada, a physics professor at the Georgia
Institute of Technology and spokesperson for the IceCube Collaboration.

“Part of this improvement came from enhanced techniques and part from a careful
update of the detector calibration,” says Taboada. “Work by the detector operations
and calibrations teams enabled better neutrino directional reconstructions to
precisely pinpoint NGC 1068 and enable this observation.”

Albrecht Karle, a UW–Madison physics professor who is leading efforts to upgrade
the current IceCube observatory, says the NGC 1068 detections are “great news”
for the future of neutrino astronomy.

“It means that with a new generation of more sensitive detectors there will be much
to discover,” says Karle, who is also leading the development of a next-generation
neutrino observatory to be built as an extension and technological upgrade of the
existing facility at the South Pole.

“The future second-generation IceCube-Gen2 observatory could not only detect
many more of these extreme particle accelerators but would also allow their study
at even higher energies,” says Karle.

The detection of dozens of neutrinos emanating from NGC 1068 comes several
years after IceCube scientists reported the first observation of a high-energy
astrophysical neutrino source. That source was TXS 0506+056, a blazar located
about 4 billion light-years away, beyond the left shoulder of the Orion constellation.
The NGC 1068 observations suggest there are more sources of astrophysical
neutrinos yet to be discovered.



“IceCube has previously discovered that the universe is glowing brightly in
neutrinos, and the origin of that glow has been an exciting mystery,” says Justin
Vandenbroucke, a physics professor at UW–Madison and a member of IceCube.
“NGC 1068 provides one key piece of that puzzle and can explain only about one
hundredth of the total signal: There must be many additional neutrino sources, and
likely additional types of sources, waiting to be discovered.”

The unveiling of the obscured universe has just started, and neutrinos are set to
lead a new era of discovery in astronomy.

The IceCube Neutrino Observatory is funded and operated primarily through an
award from the National Science Foundation to the University of Wisconsin–Madison
(OPP-2042807 and PHY-1913607). The IceCube Collaboration, with over 350
scientists in 58 institutions from around the world, runs an extensive scientific
program that has established the foundations of neutrino
astronomy. https://icecube.wisc.edu/collaboration/institutions
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