
 

Spiraling filaments feed young galaxies

July 1 2019, by Whitney Clavin

  
 

  

Artist's impression of a growing galaxy shows gas spiraling in toward the center.
New observations from the Keck Cosmic Web Imager provide the best evidence
yet that cold gas spirals directly into growing galaxies via filamentous structures.
Much of the gas ends up being converted into stars. Credit: Adam
Makarenko/W. M. Keck Observatory

Galaxies grow by accumulating gas from their surroundings and
converting it to stars, but the details of this process have remained
murky. New observations, made using the Keck Cosmic Web Imager
(KCWI) at the W. M. Keck Observatory in Hawaii, now provide the
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clearest, most direct evidence yet that filaments of cool gas spiral into
young galaxies, supplying the fuel for stars.

"For the first time, we are seeing filaments of gas directly spiral into a
galaxy. It's like a pipeline going straight in," says Christopher Martin, a
professor of physics at Caltech and lead author of a new paper appearing
in the July 1 issue of the journal Nature Astronomy. "This pipeline of gas
sustains star formation, explaining how galaxies can make stars on very
fast timescales."

For years, astronomers have debated exactly how gas makes its way to
the center of galaxies. Does it heat up dramatically as it collides with the
surrounding hot gas? Or does it stream in along thin dense filaments,
remaining relatively cold? "Modern theory suggests that the answer is
probably a mix of both, but proving the existence of these cold streams
of gas had remained a major challenge until now," says co-author Donal
O'Sullivan (MS '15), a Ph.D. student in Martin's group who built part of
KCWI.

KCWI, designed and built at Caltech, is a state-of-the-art spectral
imaging camera. Called an integral-field unit spectrograph, it allows
astronomers to take images such that every pixel in the image contains a
dispersed spectrum of light. Installed at Keck in early 2017, KCWI is the
successor to the Cosmic Web Imager (CWI), an instrument that has
operated at Palomar Observatory near San Diego since 2010. KCWI has
eight times the spatial resolution and 10 times the sensitivity of CWI.

"The main driver for building KCWI was understanding and
characterizing the cosmic web, but the instrument is very flexible, and
scientists have used it, among other things, to study the nature of dark
matter, to investigate black holes, and to refine our understanding of star
formation," says co-author Mateusz (Matt) Matuszewski (MS '02, Ph.D.
'12), a senior instrument scientist at Caltech.
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The question of how galaxies and stars form out of a network of wispy
filaments in space—what is known as the cosmic web—has fascinated
Martin since he was a graduate student. To find answers, he led the
teams that built both CWI and KCWI. In 2017, Martin and his team used
KCWI to acquire data on two active galaxies known as quasars, named
UM 287 and CSO 38, but it was not the quasars themselves they wanted
to study. Nearby each of these two quasars is a giant nebula, larger than
the Milky Way and visible thanks to the strong illumination of the
quasars. By looking at light emitted by hydrogen in the
nebulas—specifically an atomic emission line called hydrogen Lyman-
alpha—they were able to map the velocity of the gas. From previous
observations at Palomar, the team already knew there were signs of
rotation in the nebulas, but the Keck data revealed much more.

"When we used Palomar's CWI previously, we were able to see what
looked like a rotating disk of gas, but we couldn't make out any
filaments," says O'Sullivan. "Now, with the increase in sensitivity and
resolution with KCWI, we have more sophisticated models and can see
that these objects are being fed by gas flowing in from attached
filaments, which is strong evidence that the cosmic web is connected to
and fueling this disk."

Martin and colleagues developed a mathematical model to explain the
velocities they were seeing in the gas and tested it on UM287 and
CSO38 as well as on a simulated galaxy.

"It took us more than a year to come up with the mathematical model to
explain the radial flow of the gas," says Martin. "Once we did, we were
shocked by how well the model works."

The findings provide the best evidence to date for the cold-flow model
of galaxy formation, which basically states that cool gas can flow
directly into forming galaxies, where it is converted into stars. Before
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this model came into popularity, researchers had proposed that galaxies
pull in gas and heat it up to extremely high temperatures. From there, the
gas was thought to gradually cool, providing a steady but slow supply of
fuel for stars. In 1996, research from Caltech's Charles (Chuck) Steidel,
the Lee A. DuBridge Professor of Astronomy and a co-author of the
new study, threw this model into question. He and his colleagues showed
that distant galaxies produce stars at a very high rate—too fast to be
accounted for by the slow settling and cooling of hot gas that was a
favored model for young galaxy fueling.

"Through the years, we've acquired more and more evidence for the cold-
flow model," says Martin. "We have nicknamed our new version of the
model the 'cold-flow inspiral,' since we see the spiraling pattern in the
gas."

"These type of measurements are exactly the kind of science we want to
do with KCWI," says John O'Meara, the Keck Observatory chief
scientist. "We combine the power of Keck's telescope size, powerful
instrumentation, and an amazing astronomical site to push the boundaries
of what's possible to observe. It's very exciting to see this result in
particular, since directly observing inflows has been something of a
missing link in our ability to test models of galaxy formation and
evolution. I can't wait to see what's coming next."

The new study, titled, "Multi-filament gas inflows fuelling young star-
forming galaxies," was funded by the National Science Foundation
(NSF), the W. M. Keck Observatory, Caltech, and the European
Research Council.

  More information: Multi-filament gas inflows fuelling young star-
forming galaxies, Nature Astronomy (2019). DOI:
10.1038/s41550-019-0791-2 , nature.com/articles/s41550-019-0791-2

4/5

http://dx.doi.org/10.1038/s41550-019-0791-2
http://dx.doi.org/10.1038/s41550-019-0791-2
https://nature.com/articles/s41550-019-0791-2


 

Provided by California Institute of Technology

Citation: Spiraling filaments feed young galaxies (2019, July 1) retrieved 25 April 2024 from 
https://phys.org/news/2019-07-spiraling-filaments-young-galaxies.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

https://phys.org/news/2019-07-spiraling-filaments-young-galaxies.html
http://www.tcpdf.org

