
 

Astronomers observe early stages of Milky
Way-like galaxies in distant universe
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Artist impression of a progenitor of Milky Way-like galaxies in the early
universe with a background quasar shining through a 'super halo' of hydrogen gas
surrounding the galaxy. New ALMA observations of two such galaxies reveal
that these vast halos extend well beyond the galaxies' dusty, star-forming disks.
The galaxies were initially found by the absorption of background quasar light
passing through the galaxies. ALMA was able to image the ionized carbon in the
galaxies' disks, revealing crucial details about their structures. Credit: A.
Angelich (NRAO/AUI/NSF)
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For decades, astronomers have found distant galaxies by detecting the
characteristic way their gas absorbs light from a bright quasar in the
background. But efforts to observe the light emitted by these same
galaxies have mostly been unsuccessful. Now, a team of astronomers
using the Atacama Large Millimeter Array (ALMA) in Chile has
observed emissions from two distant galaxies initially detected by their
quasar absorption signatures, and the results were not what they had
expected.

For one thing, emissions driven by star-formation in the galaxies were
separated by a surprising distance from the dense gas revealed by quasar
absorption, indicating that the galaxies are embedded in an extended
halo of hydrogen gas. The estimated star formation rates were also
unexpectedly high.

"We had expected we would see faint emissions right on top of the
quasar, and instead we saw bright galaxies at large separations from the
quasar," said J. Xavier Prochaska, professor of astronomy and
astrophysics at UC Santa Cruz and coauthor of a paper on the new
findings published March 24 in Science.

The neutral hydrogen gas revealed by its absorption of quasar light is
most likely part of a large halo or extended disk of gas around the
galaxy, said first author Marcel Neeleman, a postdoctoral fellow at UC
Santa Cruz. "It's not where the star formation is, and to see so much gas
that far from the star-forming region means there is a large amount of
neutral hydrogen around the galaxy," Neeleman said. "We don't know if
it's in a large, extended disk of gas that's falling in, or if it's just a really
dense halo of gas around the galaxy."
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Absorption of light from a background quasar reveals concentrations of neutral
hydrogen gas in 'damped Lyman-alpha' systems. New observations of two
systems revealed the associated galaxies. As seen in this false color image, the
gas is detected at a surprising distance from the star-forming region, indicating a
large halo or extended disk of gas around the galaxy. In this system, the
separation is about 137,000 light years (42 kiloparsecs). Credit: M. Neeleman
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The emission spectrum from one of the galaxies does indicate the
presence of a rotating disk, Prochaska noted. "These galaxies appear to
be massive, dusty, and rapidly star-forming systems, with large, extended
layers of gas," he said. "These observations give us terrific insight into
how galaxies like our Milky Way looked 13 billion years ago."

For Prochaska, the paper represents the culmination of a quest he began
in 2003 with his Ph.D. advisor at UC San Diego, the late Arthur M.
Wolfe (also a coauthor on the paper). Wolfe pioneered the use of quasar
spectra to study concentrations of neutral hydrogen gas in the distant
universe, known as damped Lyman-alpha (DLA) systems due to the
characteristic absorption features the hydrogen gas imprints on the light
from the background quasar. Wolfe also saw the potential for ALMA to
detect emissions from these systems long before the radio observatory's
completion in 2011.

"We've been wanting to do this for 14 years," Prochaska said. "The 'holy
grail' has been to identify and study the galaxies that host the hydrogen
gas we see in quasar spectra, and it took a facility with ALMA's
capability to do it."

The researchers used ALMA to look for far-infrared emission signatures
from the galaxies that they knew could be distinguished from the bright
light of the quasars. Ionized carbon emits a bright spectral line at a
characteristic wavelength in the infrared (158 microns), which
astronomers can use as a tracer of galactic structure in the distant
universe. The researchers also observed emissions from dust in the far
infrared, which allowed them to estimate star formation rates.
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Absorption of light from a background quasar reveals concentrations of neutral
hydrogen gas in 'damped Lyman-alpha' systems. New observations of two
systems revealed the associated galaxies. As seen in this false color image, the
gas is detected at a surprising distance from the star-forming region, indicating a
large halo or extended disk of gas around the galaxy. In this system, the
separation is about 59,000 light years (18 kiloparsecs). Credit: M. Neeleman
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ALMA's configurable array of radio antennae enabled the astronomers
to focus their search for galaxy emissions in the area around each of two
DLAs, located at a distance of about 13 billion light years. From that
distance, the light now reaching telescopes gives astronomers a glimpse
at an early stage of galaxy formation, about 1 billion years after the big
bang.

"This is the epoch when galaxies were really starting to take off in terms
of star formation—sort of an adolescent growth spurt before reaching
the peak of star formation about 2 billion years later," Prochaska said.

The observations indicate that both galaxies are forming stars at
moderately high rates, with a star-formation rate greater than 100 solar
masses per year for one galaxy and about 25 solar masses per year for
the other. The separation from the quasar was about 137,000 light years
(42 kiloparsecs) for one galaxy and about 59,000 light years (18
kiloparsecs) for the other.

According to Neeleman, astronomers have assumed that detecting light
emitted by the galaxies that host DLAs is difficult because it is hidden in
the intense light from the background quasars. Given the large separation
of these galaxies from their associated quasars, however, it may be that
they are instead obscured by dust, he said. With ALMA, the researchers
were able to detect the starlight absorbed and reradiated at longer
wavelengths by the dust.

Prochaska said he looks forward to obtaining similar observations of a
much larger sample of galaxies over the next few years.

  More information: "[C II] 158-μm emission from the host galaxies of
damped Lyman-alpha systems," Science, science.sciencemag.org/cgi/doi
… 1126/science.aal1737
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