
 

Hubble finds that aging brown dwarfs grow
lonely
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This is an artist's concept of a brown dwarf. This class of object is too large to be
a planet (and did not form in the same way), but is too small to be a star because
it cannot sustain nuclear fusion, since it is less massive than even the smallest
stars. A brown dwarf is marked by wind-driven horizontal bands of thick clouds
that may alternate with relatively cloud-free bands, giving the object a striped
appearance. Whirling storm systems as big as terrestrial continents, or even small
planets, might exist. The name "brown dwarf" is a misnomer because the object
would typically appear red to the naked eye. It is brightest in infrared light. Many
brown dwarfs have binary companions. But as they age, the binary system
gravitationally falls apart, and each dwarf goes its separate way, according to a
recent Hubble Space Telescope study. The background stars in this illustration
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are a science visualization assembled from the Gaia spacecraft star catalog. The
synthesized stars are accurate in terms of position, brightness, and color. Because
this is not an image of the Milky Way, missing are glowing nebulae and dark
dust clouds. Credit: NASA, ESA, Joseph Olmsted (STScI)

It takes two to tango, but in the case of brown dwarfs that were once
paired as binary systems, that relationship doesn't last for very long,
according to a recent survey from NASA's Hubble Space Telescope.

Brown dwarfs are interstellar objects larger than Jupiter but smaller than
the lowest-mass stars. They are born like stars—out of a cloud of gas and
dust that collapses—but do not have enough mass to sustain the fusion of
hydrogen like a normal star.

Astronomers using Hubble confirm that companions are extremely rare
around the lowest-mass and coldest brown dwarfs. Hubble can detect
binaries as close to each other as a 300-million-mile separation—the
approximate separation between our sun and the asteroid belt.

But they didn't find any binary pairs in a sample of brown dwarfs in the
solar neighborhood. This implies that a binary pair of dwarfs is so
weakly linked by gravity that they drift apart over a few hundred million
years due to the pull of bypassing stars.

"Our survey confirms that widely separated companions are extremely
rare among the lowest-mass and coldest isolated brown dwarfs, even
though binary brown dwarfs are observed at younger ages. This suggests
that such systems do not survive over time," said lead author Clémence
Fontanive of the Trottier Institute for Research on Exoplanets,
Université de Montréal, Canada.
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In a similar survey Fontanive conducted a couple of years ago, Hubble
looked at extremely young brown dwarfs, and some had binary
companions, confirming that star-forming mechanisms do produce
binary pairs among low-mass brown dwarfs. The lack of binary
companions for older brown dwarfs suggests that some may have started
out as binaries but parted ways over time.

The new Hubble findings, published in The Monthly Notices of the Royal
Astronomical Society, further support the theory that brown dwarfs are
born the same way as stars, through the gravitational collapse of a cloud
of molecular hydrogen. The difference is that they do not have enough
mass to sustain nuclear fusion of hydrogen for generating energy,
whereas stars do.

More than half of the stars in our galaxy have a companion star that
resulted from these formation processes, with more massive stars more
commonly found in binary systems. "The motivation for the study was
really to see how low in mass the trends seen among multiple stars
systems hold up," said Fontanive.

"Our Hubble survey offers direct evidence that these binaries that we
observe when they're young are unlikely to survive to old ages; they're
likely going to get disrupted. When they're young, they're part of a
molecular cloud, and then, as they age, the cloud disperses. As that
happens, things start moving around, and stars pass by each other.
Because brown dwarfs are so light, the gravitational hold tying wide
binary pairs is very weak, and bypassing stars can easily tear these
binaries apart," said Fontanive.

The team selected a sample of brown dwarfs previously identified by
NASA's Wide-Field Infrared Survey Explorer. It sampled some of the
coldest and lowest-mass old brown dwarfs in the solar neighborhood.
These old brown dwarfs are so cool (a few hundred degrees warmer than

3/4

https://doi.org/10.1093/mnras/stad2870
https://phys.org/tags/companion+star/
https://phys.org/tags/massive+stars/
https://phys.org/tags/binary+systems/


 

Jupiter in most cases) that their atmospheres contain water vapor that
condenses out.

To find the coolest companions, the team used two different near-
infrared filters, one in which cold brown dwarfs are bright and another
covering specific wavelengths where they appear very faint due to water
absorption in their atmospheres.

"This is the best observational evidence to date that brown dwarf pairs
drift apart over time," said Fontanive. "We could not have done this kind
of survey and confirmed earlier models without Hubble's sharp vision
and sensitivity."

  More information: Clémence Fontanive et al, An HST survey of 33
T8 to Y1 brown dwarfs: NIR photometry and multiplicity of the coldest
isolated objects, Monthly Notices of the Royal Astronomical Society
(2023). DOI: 10.1093/mnras/stad2870
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