
 

Dark matter might help explain how
supermassive black holes can merge

February 2 2024, by Brian Koberlein

Although the exact nature of dark matter continues to elude astronomers,
we have gained some understanding of its general physical properties.
We know how it clusters around galaxies, how it makes up much of the
matter in the universe, and even how it can interact with itself. Now a 
recent study, appearing on the pre-print server arXiv, looks at just how
fast dark matter can move.

The study focuses on an effect known as dynamical friction. The term is
a bit of a misnomer since it isn't the kind of friction you see between two
objects sliding against each other. A better term for the effect might be
gravitational drag. It was first studied by Subrahmanyan Chandrasekhar
in 1943, and it's caused by the gravitational interactions of a diffuse
body.

Imagine a massive star moving through a cluster of red dwarf stars. Even
though none of the stars are likely to collide, the gravitational
interactions between them will affect stellar motions. The massive star
will slow down as it leaves the cluster thanks to the gravitational tug of
the red dwarf stars.

On the other hand, the red dwarf stars will speed up a bit as they are
dragged slightly toward the massive star. If you track the change in speed
of the stars in the cluster, you can determine how fast the cluster was
moving before the collision.

The same effect can occur between matter and dark matter. The
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presence of dark matter affects the motion of stars in the galaxy, and
thanks to dynamical friction, this distorts the shape of the galaxy.

By mapping how the galaxy is distorted the team can calculate the
motion of dark matter near the galaxy. So the team focused on finding
distorted galaxies that aren't part of a dense galactic cluster. Since the
galaxies are fairly isolated, the distortion must occur because of dark
matter.

The authors then compared the shape of these distorted galaxies to N-
body simulations to map the motion of dark matter. One of the concerns
they had was that the uncertainty in the data would be too large to make
any meaningful constraints on dark matter.

The team showed that for available samples, the data scatter is only
about 10%. This means it is precise enough to apply to nearby galaxies.
For example, detailed Gaia observations of the Large Magellanic Cloud
should allow astronomers to get a handle on dark matter speeds there.

This approach gives astronomers one more tool for the study of dark
matter. As future observations allow us to pin down the properties of
dark matter, we may be able to determine what dark matter really is.

  More information: Rain Kipper et al, Back to the present: A general
treatment for the tidal field from the wake of dynamical friction, arXiv
(2023). DOI: 10.48550/arxiv.2311.03790
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