Evidence found for cloaked black hole in
early universe
8 August 2019
prodigious amounts of radiation in a very small
region around the black hole, and produces an
extremely bright, compact source called a quasar.
Theoretical calculations indicate that most of the
early growth of black holes occurs while the black
hole and disk are surrounded by a dense cloud of
gas that feeds material into the disk. As the black
hole grows, the gas in the cloud is depleted until
the black hole and its bright disk are uncovered.
"It's extraordinarily challenging to find quasars in
this cloaked phase because so much of their
radiation is absorbed and cannot be detected by
current instruments," said Fabio Vito, CASData from NASA’s Chandra X-ray Observatory have
CONICYT Fellow at the Pontificia Universidad
revealed what may be the most distant shrouded black
Católica de Chile, who led the study, which he
hole, which may have existed only 850 million years
started as a postdoctoral researcher at Penn State.
after the Big Bang, or approximately half a billion years
"Thanks to Chandra and the ability of X-rays to
earlier than the previous record-holder. The small,
pierce through the obscuring cloud, we think we've
central region marked with a red cross in the main
image—from the optical PanSTARRS survey— contains finally succeeded."
the quasar PSO167-13, which was first discovered with
PanSTARRS. The left inset contains X-rays detected
with Chandra from this region, with PSO167-13 in the
middle. The right inset shows the same field of view as
seen by the Atacama Large Millimeter Array (ALMA) of
radio dishes in Chile. The bright source is the quasar
and a faint, nearby companion galaxy appears in the
lower left. Credit: X-ray: NASA/CXO/Pontificia
Universidad Catolica de Chile/F. Vito; Radio: ALMA
(ESO/NAOJ/NRAO); Optical: Pan-STARRS

The discovery resulted from observations of a
quasar called PSO 167-13, which was first
discovered by Pan-STARRS, an optical-light
telescope in Hawaii. Optical observations from
these and other surveys have resulted in the
detection of about 200 quasars already shining
brightly when the universe was less than a billion
years old, or about 8 percent of its present age.
These surveys were only considered effective at
finding unobscured black holes, because the
radiation they detect is suppressed by even thin
clouds of surrounding gas and dust. Therefore PSO
167-13 was expected to be unobscured.

A group of astronomers, including Penn State
scientists, has announced the likely discovery of a
highly obscured black hole existing only 850 million
years after the Big Bang, using NASA's Chandra X- Vito's team were able to test this idea by making
Chandra observations of PSO 167-13 and nine
ray Observatory. This is the first evidence for a
other quasars discovered with optical surveys. After
cloaked black hole at such an early time.
16 hours of observation only three X-ray photons
Supermassive black holes typically grow by pulling were detected from PSO 167-13, all with relatively
high energies. Low energy X-rays are more readily
in material from a disk of surrounding matter. For
absorbed than higher energy ones, so the likely
the most rapid growth, this process generates
explanation for the Chandra observation is that the
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quasar is highly obscured by gas, allowing only high galaxy."
energy X-rays to be detected.
The authors also plan to search for more examples
"This was a complete surprise," said co-author Niel of highly obscured black holes.
Brandt, Verne M. Willaman Professor of Astronomy
and Astrophysics and professor of physics at Penn "We suspect that the majority of supermassive
State. "It was like we were expecting a moth but
black holes in the early universe are cloaked: it's
saw a cocoon instead. None of the other nine
then crucial to detect and study them to understand
quasars we observed were cloaked, which is what how they could grow to masses of a billion suns so
we anticipated."
quickly," said co-author Roberto Gilli of INAF in
Bologna, Italy.
An interesting twist for PSO 167-13 is that the
galaxy hosting the quasar has a close companion A paper describing these results appears online
galaxy visible in data previously obtained with the August 8 in the journal Astronomy & Astrophysics.
Atacama Large Millimeter Array (ALMA) of radio
NASA's Marshall Space Flight Center manages the
dishes in Chile and NASA's Hubble Space
Chandra program. The Smithsonian Astrophysical
Telescope. Because of their close separation and Observatory's Chandra X-ray Center controls
the faintness of the X-ray source, the team was
science and flight operations from Cambridge, MA.
unable to determine whether the newly-discovered The data utilized in this research were gathered
X-ray emission is associated with the quasar PSO using the Advanced CCD Imaging Spectrometer on
167-13 or with the companion galaxy.
Chandra, an instrument conceived and designed by
a team led by Penn State Evan Pugh Professor
If the X-rays come from the known quasar, then
Emeritus of Astronomy and Astrophysics Gordon
astronomers need to develop an explanation for
Garmire.
why the quasar appeared highly obscured in X-rays
but not in optical light. One possibility is that there In addition to Vito, Brandt, and Bauer, the research
has been a large and rapid increase in obscuration team also includes former Penn State postdoctoral
of the quasar during the 3 years between when the researchers Ohad Shemmer, Cristian Vignali, and
optical and the X-ray observations were made.
Bin Luo, who also earned his doctoral degree at
Penn State.
On the other hand, if instead the X-rays arise from
the companion galaxy, then it represents the
More information: F. Vito et al. Discovery of the
detection of a new quasar in close proximity to PSO first heavily obscured QSO candidate at z > 6 in a
167-13. This quasar pair would be the most distant close galaxy pair, Astronomy & Astrophysics
yet detected, breaking the record of 1.2 billion
(2019). DOI: 10.1051/0004-6361/201935924
years after the Big Bang. In either of these two
cases, the quasar detected by Chandra would be
the most distant cloaked one yet seen. The
previous record holder is observed 1.3 billion years Provided by Pennsylvania State University
after the Big Bang. The authors plan to make a
more refined characterization of the source with
follow-up observations.
"With a longer Chandra observation, we'll be able
to get a better estimate of how obscured this black
hole is," said co-author Franz Bauer, also from the
Pontificia Universidad Católica de Chile and a
former Penn State postdoctoral researcher, "and
make a confident identification of the X-ray source
with either the known quasar or the companion
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