
 

Mercury sole survivor of close orbiting
planets
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A tightly packed system of planets, named Kepler-444 and shown in this artist’s
representation, is the only system known to bear similarity to the solar system.
Credit: Tiago Campante/Peter Devine

The vast quantity of planets and planetary candidates identified by
NASA's Kepler spacecraft has revealed an array of systems. Some have
Jupiter-sized planets close to the Sun, while others show only a handful
of planets. Almost none resemble our solar system.
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In an effort to establish how the Sun and its planets compare to the
newfound systems, a pair of astronomers suggest that our early solar
system may have contained as many as four planets orbiting closer to the
Sun than Venus, and that a series of cataclysmic collisions left Mercury
as the last one standing.

"One of the problems in the Solar System is that, by Kepler standards,
Mercury is very far from the Sun," planetary scientist Kathryn Volk, of
the University of British Columbia, told Astrobiology.

Volk and her colleague Brett Gladman, also of the University of British
Columbia, propose that Systems of Tightly-packed Inner Planets (STIPs)
surrounded most stars at the beginning of their lifetimes. Over time,
collisions destroyed many of these planets, leaving them around only
about 5 to 10 percent of the stars observed today.

But although only a handful of observed systems contain STIPS, Volk
thinks that they may have once dominated—and that the Sun could have
been one of the STIP systems whose original inner planets were
destroyed.

"If STIPs readily formed, maybe they're found around all stars, and
destroyed around 90 percent of them," Volk said.

Volk presented the results at the winter meeting of the American
Astronomical Society in Seattle, Washington. They have been submitted
for publication in the journal Astrophysical Letters.

Collisions abound

Since the time of Copernicus, scientists have slowly moved Earth out of
its originally-conceived setting as the center of the Universe. Today,
scientists recognize that the Sun is an average star—not too hot, not too
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cold, not too bright, not too dim—situated at a random spot in a typical
spiral galaxy. So, when Kepler began its planet-hunting mission in 2009,
scientists anticipated finding planetary systems that resembled our solar
system.

Instead, Kepler mostly discovered planet types that our solar system
lacks. With bodies like "hot Jupiters" (Jupiter-sized planets that orbit
their star in only a few days) to "super-Earths" (massive rocky planets
far larger than our own), exoplanet systems have a knack for surprising
observers. Of the 1,019 confirmed planets and 4,178 planetary
candidates identified to date, only one system resembles our own with 
terrestrial planets near the star and giant planets set at a distance.

"We have no idea why our solar system doesn't look like these others,
and we would love an answer," planetary scientist Kevin Walsh, of the
Southwest Research Institute in Colorado, told Astrobiology Magazine.
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An illustration compares the structure of Earth to that of Mercury. Mercury’s
large core in comparison to its total diameter suggests a collision at some point in
its youth. Credit: NASA/Johns Hopkins University Applied Physics
Laboratory/Carnegie Institution of Washington

Walsh was not involved in the research, but applauds Volk's work in
matching the Solar System up to other planetary systems by using
models to search for unseen planets it may have held in the past.

"Partly, we have never thought about it before. We always tried to match
the planets that we saw, and not some other systems of unseen planets.
Now we see them around other stars, so it's a great question to ask."

Volk and Gladman realized that the small number of STIPs could
provide a clue as to why our solar system seems so different. The two
took 13 observed Kepler systems that contain more than four close inner
planets and ran them through simulations over a 10-million-year
timescale. In 10 of the targets, the small planets suffered violent
collisions that changed the structure of the planetary system. According
to the scientists, the remainder were likely stable for more than 10
million years.

The team then ran another set of simulations over a longer period of
time to explore how systems evolve as they become more unstable, and
to determine how the collisions are distributed over time. They found
that half the systems resulted in a second collision, but showed no sign of
impending disaster beforehand. Systems with collisions remained stable
for almost their entire lifetime before planets began crashing into one
another.
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Based on their simulations, after 5 million years, approximately 5 to 10
percent of the STIPs sample would not yet have reached instability.
Because STIPs are only seen around approximately 5 to 10 percent of
the planetary systems observed by Kepler, this means that all could have
been born with STIPs, but 90 percent of the STIP systems were
destroyed by the time Kepler observed them.

"If every star once had a system of STIPs, then it would mean that the
modelers have been missing the boat on planetary formation for a long
time," Walsh said. "We have always been trying to build models just to
get our four rocky planets, whereas if this idea is right, then we have
long ignored the possibility of also forming three to five planets as big as
or even much bigger than Earth inside the orbit of Mercury. This would
be extremely cool!"

If this was the case, it would mean that Earth wasn't a random outlier in
the systems of planets, as it appear to be from casual observations.
Instead, it would fit in and not require a special explanation as to its
existence. If the Solar System—and by extrapolation Earth—is rare, it
could have implications for the abundance of life in the Universe, but if
it follows the same formation processes as other planetary systems, then
it is no longer an quite as unusual.

Sole survivor

Mercury has long been a problem for planetary scientists. In addition to
being farther from the Sun than most of the planets observed by Kepler,
Mercury is dense in heavier elements and short on lighter ones. One
hypothesis regarding its strange composition involves a collision that
stripped the planet of its lighter crust, leaving behind a dense, iron-heavy
outer layer.
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An MESSENGER image of the innermost planet, Mercury, which may be the
sole survivor of a violent bout of collisions in the early solar system. Credit:
NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie
Institution of Washington

At the same time, Solar System models have turned up too much
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material to account for a single Mercury. In order to form a single planet
in Mercury's orbit, simulations require an unlikely gap—an artificial
edge—in the dust surrounding the young Sun that stretches nearly
halfway to Earth's current orbit. If the gap stretched all the way to the
star, as most scientists assume, the disk would contain far too much
material.

If most planetary systems contained STIPS when they formed, that
would mean the early Solar System could have once hosted them, as
well. According to Volk, this would eliminate the artificial edge to the
inner disk and explain the iron-dominated planet. Collisions would also
account for Mercury's dense composition.

To verify this possibility, Volk and Gladman ran simulations that added
four planets the mass of the Moon and with orbits of less than half the
Earth-Sun distance. These planets did not affect the formation of Venus,
Earth and Mars on 500 million-year timescales, despite the collisions
undergone by their rocky neighbors, a story that matches the Kepler
simulations they first ran.

"It is not rare to have a pair of planets go unstable and others not feel
anything," Volk said.

As the small inner planets collided with one another, they suffered one
of two fates. In some cases, the mass of the crashing planets may have
blown off, but then consolidated into a smaller number of bodies. In the
other, more destructive scenario, less than 10 percent of the initial mass
survives, with the rest of it blown into small pieces that spiral into the
star or into other planets. The difference often depends on how fast the
planets are moving when they crash into one another; like a car wreck,
faster speeds tend to result in greater devastation.

While other observed Kepler STIP systems appear to have consolidated
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three or more larger bodies into one or two short-period planets observed
today, our solar system seems to have reached the destructive end state.

  
 

  

An artist’s depiction shows a body about the size of the moon slamming into a
larger one at great speed. If four small bodies once inhabited the solar system
inside Mercury’s present-day orbit, such collisions could have left Mercury the
last planet standing. Credit: NASA

"In a highly destructive regime, we're left with one survivor," Volk said.
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Mercury, it seems, is the reigning champion.

This story is republished courtesy of NASA's Astrobiology Magazine.
Explore the Earth and beyond at www.astrobio.net .

Source: Astrobio.net
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