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Representative 2D slices from the 3D reference simulation. Left: density
fluctuations n/n0−1. Right: Bz in (b) and (d), By in (f). Top row refers to t/tL=1.4
(Weibel stage), middle row to t/tL=27 (kinematic dynamo stage), bottom row to
t/tL=120 (saturated dynamo stage). Each panel is normalized to the maximum
value of the corresponding quantity. White arrows in the bottom row point to
reconnection plasmoids. Credit: Physical Review Letters (2023). DOI:
10.1103/PhysRevLett.131.055201
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It isn't just your refrigerator that has magnets on it. The Earth, the stars,
galaxies, and the space between galaxies are all magnetized, too. The
more places scientists have looked for magnetic fields across the
universe, the more they've found them. But the question of why that is
the case and where those magnetic fields originate from has remained a
mystery and a subject of ongoing scientific inquiry.

Published in the journal Physical Review Letters, a new paper by
Columbia researchers offers insight into the source of these fields. The
team used models to show that magnetic fields may spontaneously arise
in turbulent plasma. Plasma is a kind of matter often found in ultra-hot
environments like that near the surface of the sun, but plasma is also
scattered across the universe in low-density environments, like the
expansive space between galaxies; the team's research focused on those
low-density environments.

Their simulations showed that, in addition to generating new magnetic
fields, the turbulence of those plasmas can also amplify magnetic fields
once they've been generated, which helps explain how magnetic fields
that originate on small scales can sometimes eventually reach to stretch
across vast distances.

The paper was written by astronomy professor Lorenzo Sironi,
astronomy research scientist Luca Comisso, and astronomy doctoral
candidate Ryan Golant.

"This new research allows us to imagine the kinds of spaces where
magnetic fields are born: even in the most pristine, vast, and remote
spaces of our universe, roiling plasma particles in turbulent motion can
spontaneously give birth to new magnetic fields," Sironi said. "The
search for the 'seed' that can sow a new magnetic field has been long,
and we're excited to bring new evidence of that original source, as well
as data on how a magnetic field, once born, can grow."
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https://phys.org/tags/universe/
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https://phys.org/tags/plasma/
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  More information: Lorenzo Sironi et al, Generation of Near-
Equipartition Magnetic Fields in Turbulent Collisionless Plasmas, 
Physical Review Letters (2023). DOI: 10.1103/PhysRevLett.131.055201
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