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More Evidence for Coming Black Hole Collision
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An illustration of two black holes orbiting one another. The black hole in the center of the image is
starved of gas by the black hole at the left, making the gas cloud of the black hole on the left brighter.
Credit Illustration by Zoltan Haiman, adapted from Farris et al. 2014
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The apocalypse is still on, apparently — at least in a galaxy about 3.5 billion light-years from here.

Last winter a team of Caltech astronomers reported that a pair of supermassive black holes appeared to be
spiraling together toward a cataclysmic collision that could bring down the curtains in that galaxy.

The evidence was a rhythmic flickering from the galaxy’s nucleus, a quasar known as PG 1302-102, which
Matthew Graham and his colleagues interpreted as the fatal mating dance of a pair of black holes with a total
mass of more than a billion suns. Their merger, the astronomers calculated, could release as much energy as
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100 million supernova explosions, mostly in the form of violent ripples in space-time known as gravitational waves
that would blow the stars out of that hapless galaxy like leaves off a roof.

Now a new analysis of the system by Daniel D’Orazio of Columbia University and his colleagues has added
weight to that conclusion. Mr. D’Orazio, a graduate student, and his colleagues Zoltan Haiman and David
Schiminovich propose that most of the light from the quasar is coming from a massive disc of gas surrounding the
smaller of the two black holes.
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An Earthling’s Guide to Black Holes

Welcome to the place of no return — a region in space where the gravitational pull is so strong that
not even light can escape it. This is a black hole.

As the black holes and their attendant discs swing
around each other at high speeds, the light from the
disk that is coming toward us gets a boost from
relativistic effects – a so-called Doppler boost — the
same way a siren gets louder and more high-pitched
as it approaches, giving rise to a periodic increase in
brightness every five years.

The Columbia astronomers’ model predicts that the
variation would be two or three times greater in
ultraviolet light than in visible light. And that is
exactly what they found when they compared
archival data from the Hubble Space Telescope and
NASA’s Galex space telescope to the visible-light data previously analyzed by Dr. Graham’s group.

“What’s big is that the Doppler boost is inevitable,” Dr. Haiman said in an email. Given reasonable assumptions
about the masses of the two black holes, their model predicts the right ultraviolet data. “This is rare in ‘messy’
astronomy,” he said, “to have an indisputable clean effect, which explains the data.” Follow-up observations of
ultraviolet and visible light emissions in the coming years could help the clinch the case, the authors said. Their
paper was published on Wednesday in the journal Nature.

Their model suggests that the black holes are orbiting each other at a distance of some 200 billion miles, less
than a tenth of a light-year, a cosmic whisker. At that distance the black holes would be rapidly losing energy by
radiating gravitational waves and could spiral together into the final bang in as little as 100,000 years, Dr. Haiman
said, depending on their relative masses.

“Basically, the more massive the holes, the faster gravitational waves drive them together, and we do require them
to be as massive as allowed to be,” he said in an email. For their model to hold up, the larger of the black holes
has to be a billion solar masses or more.

E. Sterl Phinney, a Caltech astronomer and expert on supermassive black holes currently on sabbatical at
Radboud University in the Netherlands, agreed that Dr. Haiman’s model explains the quasar variations. “So
Occam’s razor makes it attractive,” he said in an email, referring to the long-held principle that physicists should
adopt the simplest theory that fits the facts.

But it was surprising, he said, to find a pair of supermassive black holes that have gotten so close.

Black holes, predicted by Albert Einstein’s general theory of relativity, the prevailing theory of gravity, are objects
so dense that not even light can escape from them. In effect they are bottomless pits in space-time. Every galaxy
of note seems to have a supermassive black hole, weighing millions or billions of times as much as the sun,
burping sparks of half-eaten stars and gas.
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When galaxies merge, their resident black holes are sent into forced marriages, orbiting each other. But without
gravitational interactions with stars or interstellar gas, supermassive black holes can’t get close enough to each
other to go into a rapid death spiral, a situation known as the “final parsec” problem. (A parsec is the astronomical
standard of distance, 3.26 light-years.)

So, as Dr. Phinney explained, unless hundreds of millions of solar masses of gas accompany the black holes,
“there are not very convincing ways of getting them to smaller separations” like the black holes in PG 1302-102.

At least that is the theory. If such systems are common, Dr. Phinney said, the gravitational waves emanating from
them should sweep the universe and disrupt the timing of signals from pulsars, an effect that could be detected
within the next few years by various ongoing programs to time pulsars.

“A scientific theory is only as good as the tests which it has passed,” Mr. D’Orazio said in an email. Although
general relativity has passed all of the observational and experimental tests thrown at it so far, some of its
predictions can only be tested in the most extreme gravitational environments, namely black holes. “Detection of
gravitational waves,” he said, “is a direct probe of this region and hence the secrets of gravity.”
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