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Chandra observatory identifies impact of
cosmic chaos on star birth

October 27 2014

Chandra observations of the Perseus and Virgo galaxy clusters suggest
turbulence may be preventing hot gas there from cooling, addressing a long-
standing question of galaxy clusters do not form large numbers of stars.
Credit: NASA/CXC/Stanford/I. Zhuravleva et al

(Phys.org) —The same phenomenon that causes a bumpy airplane ride,
turbulence, may be the solution to a long-standing mystery about stars'
birth, or the absence of it, according to a new study using data from
NASA's Chandra X-ray Observatory.

Galaxy clusters are the largest objects in the universe, held together by
gravity. These behemoths contain hundreds or thousands of individual
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galaxies that are immersed in gas with temperatures of millions of
degrees.

This hot gas, which is the heftiest component of the galaxy clusters aside
from unseen dark matter, glows brightly in X-ray light detected by
Chandra. Over time, the gas in the centers of these clusters should cool
enough that stars form at prodigious rates. However, this is not what
astronomers have observed in many galaxy clusters.

"We knew that somehow the gas in clusters is being heated to prevent it
cooling and forming stars. The question was exactly how," said Irina
Zhuravleva of Stanford University in Palo Alto, California, who led the
study that appears in the latest online issue of the journal Nature. "We
think we may have found evidence that the heat is channeled from
turbulent motions, which we identify from signatures recorded in X-ray
images."

Prior studies show supermassive black holes, centered in large galaxies
in the middle of galaxy clusters, pump vast quantities of energy around
them in powerful jets of energetic particles that create cavities in the hot
gas. Chandra, and other X-ray telescopes, have detected these giant
cavities before.

The latest research by Zhuravleva and her colleagues provides new
insight into how energy can be transferred from these cavities to the
surrounding gas. The interaction of the cavities with the gas may be
generating turbulence, or chaotic motion, which then disperses to keep
the gas hot for billions of years.

"Any gas motions from the turbulence will eventually decay, releasing
their energy to the gas," said co-author Eugene Churazov of the Max
Planck Institute for Astrophysics in Munich, Germany. "But the gas
won't cool if turbulence is strong enough and generated often enough."
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The evidence for turbulence comes from Chandra data on two enormous
galaxy clusters named Perseus and Virgo. By analyzing extended
observation data of each cluster, the team was able to measure
fluctuations in the density of the gas. This information allowed them to
estimate the amount of turbulence in the gas.

"Our work gives us an estimate of how much turbulence is generated in
these clusters," said Alexander Schekochihin of the University of
Oxford in the United Kingdom. "From what we've determined so far,
there's enough turbulence to balance the cooling of the gas.

These results support the "feedback" model involving supermassive
black holes in the centers of galaxy clusters. Gas cools and falls toward
the black hole at an accelerating rate, causing the black hole to increase
the output of its jets, which produce cavities and drive the turbulence in
the gas. This turbulence eventually dissipates and heats the gas.

While a merger between two galaxy clusters may also produce
turbulence, the researchers think that outbursts from supermassive black
holes are the main source of this cosmic commotion in the dense centers
of many clusters.

More information: The paper describing these results is available at:

www.nature.com/nature/journal/ ... ull/nature13830.html and
arxiv.org/abs/1410.6485
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