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Europa's elusive water plume paints grim
picture for life

March 24 2015, by Elizabeth Howell, Astrobiology Magazine

A graphic showing water emissions detected above Europa in Hubble Space
Telescope observations from December 2012. Credit: NASA/ESA/L.
Roth/SWRI/University of Cologne

A meteorite may have been responsible for a water plume briefly spotted
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above Europa two years ago, implying it takes a very rare event to
breach the ice on the Jovian moon.

Astrobiologists worldwide received news in December 2013 that water
vapor was detected in Hubble Space Telescope observations of Jupiter's
moon Europa, which is considered one of the top potential locations in
our solar system for life. Those results were published in the journal
Science and led by Lorenz Roth, a planetary scientist at Texas' Southwest
Research Institute.

However, follow-up observations of Europa have revealed no plume
emanating from the moon. A new paper reveals that Europa's
atmosphere is 100 times less abundant than claims in previous
publications, and composed mainly of atomic rather than molecular
oxygen.

Furthermore, the magnetosphere plasma, or superheated gas, at Europa's
orbit is very hot, with properties indicating that the plasma is mainly
composed of ions, or charged particles, from a nearby moon called Io.

Based on the plasma properties, the rate of injection of neutral gas from
the surface of Europa is very low. This means the plasma in Europa's
atmosphere has a low density, and a low escape rate into its magnetic
field or magnetosphere.

No one knew what the plasma was made of before Cassini's
measurements, which led some researchers previously to believe that the
plasma came from Europa. Plasma, superheated gas, can be comprised
of different molecules, including hydrogen and oxygen, but Cassini's
spectroscope was not designed to measure which species of molecules
were present in the gas.

Because molecular hydrogen and atomic hydrogen were not found in
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Cassini's measurement of the plasma, this means that the plasma did not
come from Europa as was previously suspected. The plasma that as
detected was made of sulfur dioxide — a product of volcanoes on Io.

"Our conclusion was that almost everything we were seeing was plasma
from Io," said Don Shemansky, Chief Scientist of the planetary and
space science division of space weather company Space Environment
Technologies (PSSD/SET).

However, a meteorite that briefly threw water aloft from Europa's
surface cannot be ruled out, he said.

The results were published in the Astrophysical Journal.

Artist’s conception of a plume above Europa. A plume reported emanating from
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the icy moon in December 2013 may be a rare phenomenon, a new study shows.
Credit: NASA/ESA/K. Retherford/ SWRI

Volcanic plasma

Shemansky has spent most of his life exploring the Solar System through
the eyes of various NASA spacecraft, notably including Voyager and
Cassini. The lead author and coauthors are team members of the Cassini
UVIS experiment. The new data comes from a five-month Cassini flyby
of Jupiter in 2000 and 2001.

Scientists already knew there was plasma, or superheated gas, in the
vicinity of Europa based on data from Voyager's flyby, as well as the
long-term Galileo mission, which explored Jupiter and its moons in the
1990s and 2000s. Those instruments, however, couldn't distinguish
between different elements in the plasma and, therefore, could not
determine the origin of the plasma. That's where Cassini was different.

Cassini confirmed a similar concentration of plasma that Voyager and
Galileo saw. It further detected a mix of sulfur and oxygen ions that
most likely come from Io. The moon's volcanic activity spews these
elements into its orbit, creating a plasma "torus" that Europa's orbit also
passes through.

"This points to very little output from Europa," Shemansky said.

This would mean that any output that scientists see in the area is from Io,
not Europa, which has grim implications for life.

Europa would need to have fissures in its surface to allow for contact
between its hypothetical underground ocean and the combined effects of
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the magnetosphere and solar input on its surface. The energy input
would include gravitational flexure by Jupiter in addition to the sun and
magnetosphere. If the plume is a rare event, this means there are likely
few or no cracks in the surface. Europa might be a socked-in icy ball
with a barren ocean below.

Shemansky emphasizes that he has no reason to doubt the Roth et. al.
observations. The spectroscopy they saw, replete with atomic oxygen,
was in similar quantities you would expect if water molecules were
breaking apart. The water's hydrogen has enough energy to escape into
the magnetosphere (the magnetic environment around Europa), while the
oxygen remains closer to the surface.

"They were presenting for the first time what you would call direct
evidence that we have water," Shemansky said.

But there were three issues with the theory, he said. While he says there
is no reason to doubt the observations yet, it is the only direct indication
of water ejection from the surface, the observation has not been
repeated, and there was nothing unusual detected on the planet's surface
at the time of the ejection.
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A closer view of Europa’s icy surface, with a potential ocean underneath. Credit:
NASA/JPL-Caltech/SETI Institute

Data collection problems

Io as a major source of mass and subsequent accumulation of energy in
the magnetosphere is a conclusion drawn in the review a decade ago by
Christopher Russell, a planetary scientist at the University of California,
Los Angeles who examined the role of the volcanic moon's emissions in
Jupiter's environment. The work was based in part on Voyager and
Galileo observations.

"He paints a general picture that lo is the primary producer of mass that
goes into the magnetosphere," Shemansky said.
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He added that the radiation is easy to observe because there is so much
energy associated with the Io torus. The energy comes from the rotation
of Jupiter's magnetic field, which whips around quickly because the gas
giant rotates with a 10 hour period.

Europa's plume reached a couple of hundred kilometers above the
surface according to Roth et al, but did not have enough energy to escape
into to the magnetosphere, Shemansky added.

"The plume collapsed onto the moon's body, and that was the end."

More observations will be needed to confirm what happened during the
plume's eruption, but Shemansky said one theory could have been that a
meteorite created a fissure in the surface that subsequently healed. There
could, however, be more evidence lurking in archival data.

Because there is so much data flowing from each mission, and
inadequate resources to analyze it, often information is archived without
the chance to look at it. It took Shemansky's team nearly 15 years to look
back at Europa's plasma environment based on the Cassini flyby, and he
said there are reams of data available from Cassini's orbits around Saturn
that may not be looked at for years or decades to come, unless more
funding appears.

More information: "A new understanding of the Europa atmosphere
and limits on geophysical activity." Astrophysical Journal Volume 797
Number 2 DOI: 10.1088/0004-637X/797/2/84

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