
 

Rogue supernovas likely flung into space by
black hole slingshots

August 14 2015, by Liz Ahlberg

  
 

  

This Hubble Space Telescope image shows and elliptical galaxy with dark, wispy
dust lanes, the signature of a recent galaxy merger. A supernova was found flung
far from this galaxy, a result of the merger producing a binary black hole. Credit:
NASA, ESA, and Ryan Foley

Rogue supernovas that explode all alone in deep space present an
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astronomical mystery. Where did they come from? How did they get
there? The likely answer: a binary black hole slingshot, according to a
new study by Ryan Foley, a professor of astronomy and physics at the
University of Illinois.

Using data from NASA's Hubble Space Telescope and other telescopes,
Foley traced 13 high-velocity exploding stars back to the galaxies they
came from to find the peculiar combination of events leading to the
stars' lonely deaths. His findings are published in the Monthly Notices of
the Royal Astronomical Society.

Foley set out to solve the puzzle of a rare, strange type of supernova
found far from any galaxies or star clusters. The supernovas are known
as calcium-rich because they produce an unusually large amount of
calcium.

"Looking around where the supernovas exploded, there's nothing there -
no trace of star formation, no clusters of old stars, there's nothing
nearby," Foley said. "So I knew that these things were starting
somewhere else and moving long distances before they die."

Examining the locations and kinematics of the supernovas, he was able
to determine that the stars that exploded had been kicked out of their
galaxies at very high speeds, millions of years before they exploded.

To understand how the supernovas got so far from their galaxies - up to
half a million light years away - moving at such high speeds, he looked at
the galaxies that had produced the stars before ejecting them.

"Whatever put the star system in the state where it's about to explode is
related to the center of the galaxy it came from," Foley said.

First, he noticed that many of the galaxies were composed only of old
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stars, which meant that the calcium-rich supernovas had to come from a
population of older stars such as white dwarfs. Most stars become white
dwarfs after they stop producing new energy.

  
 

  

These Hubble Space Telescope images show elliptical galaxies with dark, wispy
dust lanes, the signature of a recent galaxy merger. The dust is the only relic of a
smaller galaxy that was consumed by the larger elliptical galaxy.The "X" in the
images marks the location of supernova explosions that are associated with the
galaxies. Each supernova may have been gravitationally kicked out of its host
galaxy by a pair of central supermassive black holes. SN 2000ds (left) is at least
12,000 light-years from its galaxy, NGC 2768; SN 2005cz (right) is at least
7,000 light-years from its galaxy, NGC 4589. NGC 2768 resides 75 million light-
years from Earth, and NGC 4589 is 108 million light-years away.The supernovae
are part of a census of 13 supernovae to determine why they detonated outside
the cozy confines of galaxies. The study is based on archived images made by
several telescopes, including Hubble. Both galaxies were observed by Hubble's
Advanced Camera for Surveys. The image of NGC 4589 was taken on Nov. 11,
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2006, and the image of NGC 2768 on May 31, 2002. Credit: NASA, ESA, and
R. Foley (University of Illinois)

In order to produce the kind of explosions observed, a white dwarf has
to drain mass from a companion star. In this case, the two stars are in a
binary system where the pair circle one other until tidal forces rip one
apart. That material is dumped on the other star, which causes an
explosion. Thousands of such supernovas have been found within
galaxies, but how did these odd cases end up on solo hypervelocity
flights through space?

Looking more closely, Foley then noticed that all of the galaxies that had
produced the runaway supernovas showed signs of merging - two
galaxies colliding and rearranging into one big galaxy. That is when all
the puzzle pieces fell together for Foley.

"The velocities were incredible, on the order of 4.5 million miles per
hour," Foley said. "There is only one way to get a binary star system
moving that fast: a slingshot from a close flyby of a binary supermassive
black hole. How do you get a binary supermassive black hole? Merge
two galaxies."

When the galaxies merge, their black holes form a binary system that
disrupts the carefully orchestrated choreography of both galaxies. In the
shuffle, sometimes a binary white dwarf system will encounter the
binary black hole.
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This illustration offers a plausible scenario for how vagabond stars exploded as
supernovae outside the cozy confines of galaxies. 1) A pair of black holes comes
together during a galaxy merger, dragging with them up to a million stars each.
2) A double-star system wanders too close to the two black holes. 3) The black
holes then gravitationally catapult the stars out of the galaxy. At the same time,
the stars are brought closer together. 4) After getting booted out of the galaxy,
the binary stars move even closer together as orbital energy is carried away from
the duo in the form of gravitational waves. 5) Eventually, the stars get close
enough that one of them is ripped apart by tidal forces. 6) As material from the
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dead star is quickly dumped onto the surviving star, a supernova occurs. Credit:
NASA, ESA, and P. Jeffries and A. Feild (STScI)

"You have two dancing partners, they do-si-do, and one pair gets flung
away," Foley said. "The white dwarf and its partner are ejected out like
from a slingshot, and after traveling at a high speed for about 50 million
years, explode out in the middle of nowhere. It's a complicated chain of
events, but it turns out that it's actually a very logical path to this weird
phenomenon of hypervelocity supernovas."

Foley hopes that in the future, these types of supernovas can be used to
find more binary supermassive black hole systems, which themselves are
rare and interesting phenomena that could give insight into gravity,
general and special relativity, quasars, dark energy and other mysteries
of astronomy and physics. Illinois is already involved in several
astronomy surveys that could be scoured for hypervelocity calcium-rich
supernovas.

"These supernovas could be the bread crumbs to find our way to these
supermassive binary black holes, and we could potentially find them in
much higher numbers," Foley said.

  More information: The paper, "Kinematics and Host-Galaxy
Properties Suggest a Nuclear Origin for Calcium-Rich Supernova
Progenitors," is available online: mnras.oxfordjournals.org/conte …
fe-977e-83b3af63f3d9
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