
 

When black holes collide they also produce
neutrinos
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Still image from a numerical simulation of an unequal mass binary black hole
merger, with parameters consistent with GW190412. Credit: N. Fischer, H.
Pfeiffer, A. Buonanno (Max Planck Institute for Gravitational Physics),
Simulating eXtreme Spacetimes project

Ever since astronomers first detected ultra high energy neutrinos coming
from random directions in space, they have not been able to figure out
what generates them. But a new hypothesis suggests an unlikely source:
the mergers of black holes.
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Neutrinos are extremely ghostly particles. The carry no electric charge
and they interact only rarely with normal matter through the weak
nuclear force. Trillions of neutrinos pass through every square
centimeter of your body every single second. So it takes truly enormous
observatories to capture them.

The largest of all is the IceCube Neutrino Observatory, which is a series
of detectors sunk into the Antarctic ice sheet at the South Pole.
Occasionally a neutrino will strike a molecule of water ice and lead to a
flash of light that the observatory can detect.

While IceCube has seen countless events over the years, a few stand out.
Some neutrinos are exceedingly energetic—so energetic that it's difficult
to come up with plausible scenarios that could generate them.

At the other end of the spectrum, perhaps the most powerful objects in
the universe are black holes. Their intense gravity can tear apart stars and
even power the formation of jets that can blast tens of thousands of light
years into space.

So new research, published on the pre-print server arXiv, suggests that
black holes may be responsible for the highest energy neutrinos.
However, this can't work with black holes in isolation Instead the black
holes must be surrounded by an electrically charged plasma. That plasma
will swirl around the black hole forming an accretion disk. Incredibly
strong magnetic and electric fields in the accretion disk can wind their
way around the black hole and send material flowing outwards in the
form of a jet.

When two black holes merge this changes the direction of the jet, and
occasionally the jets can get a boost from the gravitational energy
released by the merger.
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The authors of the new study suggests that if conditions are just right,
the enhancement of the jet during a merger can power insanely high
energetic neutrinos.

To match the observed numbers of high-energy neutrinos that IceCube
has detected, the authors suggest that these black holes don't have to
merge all that often. If the neutrinos are powered by mergers of 
supermassive black holes, then they only need to collide between every
100,000 and 10 million years in every cubic gigaparsec of volume. If
instead the neutrinos are powered by stellar mass black hole mergers,
then they only need to happen 10 to 100 times every year in every cubic
gigaparsec of volume.

These are promising numbers because the results sit within the expected
range of merger rates of both stellar mass black holes and supermassive 
black holes. So as mechanisms go, it's plausible. Only more observations
will be able to tell, and hopefully astronomers will be able to pinpoint a
source of these extremely energetic exotic particles.

  More information: Ilja Jaroschewski et al, Extragalactic neutrino
emission induced by Supermassive and Stellar Mass Black Hole mergers,
arXiv (2022). DOI: 10.48550/arxiv.2210.11337
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