
 

Novel experiment validates widely speculated
mechanism behind the formation of stars
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Water-filled version of MRI experiment showing transparent outer cylinder and
blackened inner cylinder. Red lasers enter at bottom to measure the local speed
of the water. Credit: Eric Edlund and Elle Starkman
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How have stars and planets developed from the clouds of dust and gas
that once filled the cosmos? A novel experiment at the U.S. Department
of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) has
demonstrated the validity of a widespread theory known as
"magnetorotational instability," or MRI, that seeks to explain the
formation of heavenly bodies.

The theory holds that MRI allows accretion disks, clouds of dust, gas,
and plasma that swirl around growing stars and planets as well as black
holes, to collapse into them. According to the theory, this collapse
happens because turbulent swirling plasma, technically known as
"Keplerian flows," gradually grows unstable within a disk. The instability
causes angular momentum—the process that keeps orbiting planets from
being drawn into the sun—to decrease in inner sections of the disk,
which then fall into celestial bodies.

Unlike orbiting planets, the matter in dense and crowded accretion disks
may experience forces such as friction that cause the disks to lose
angular momentum and be drawn into the objects they swirl around.
However, such forces cannot fully explain how quickly matter must fall
into larger objects for planets and stars to form on a reasonable
timescale.

MRI experiment

At PPPL, physicists have simulated the hypothesized broader process in
the laboratory's MRI experiment. The unique device consists of two
concentric cylinders that rotate at different speeds. In this experiment,
researchers filled the cylinders with water and attached a water-filled
plastic ball tethered by a spring to a post in the center of the device; the
stretching and bending spring mimicked the magnetic forces in the
plasma in accretion disks. Researchers then rotated the cylinders and
videoed the behavior of the ball as seen from the top down.
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https://phys.org/tags/accretion+disks/
https://phys.org/tags/planets/
https://phys.org/tags/momentum/


 

  
 

  

Simulated accretion disk swirling around a celestial body. Credit: Michael Owen
and John Blondin, North Carolina State University.

The findings, reported in Communications Physics, compared the
motions of the spring-tethered ball when rotating at different speeds.
"With no stretching, nothing happens to the angular momentum," said
Hantao Ji, a professor of astrophysical sciences at Princeton University
and principal researcher on the MRI and a coauthor of the paper.
"Nothing also happens if the spring is too strong."

However, direct measurement of the results found that when the spring-
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tethering was weak—analogous to the condition of the magnetic fields in
accretion disks —behavior of the angular momentum of the ball was
consistent with MRI predictions of developments in a real accretion
disk. The findings showed that the weakly tethered rotating ball gained
angular momentum and shifted outward during the experiment. Since the
angular momentum of a rotating body must be conserved, any gains in
momentum must be matched by a loss of momentum in the inner
section, allowing gravity to draw the disk into the object it has been
orbiting.

  More information: Derek M. H. Hung et al, Experimental
confirmation of the standard magnetorotational instability mechanism
with a spring-mass analogue, Communications Physics (2019). DOI:
10.1038/s42005-018-0103-7
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