
 

NASA's LADEE mission shows the force of
meteoroid strikes on lunar exosphere
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NASA scientists have released new findings about the moon's tenuous
exosphere – the thin layer of gas surrounding the moon that's one
25-trillionth the density of Earth's atmosphere. The data reveal, for the
first time, that meteoroid strikes cause a predictable increase in the
abundance of two key elements within the lunar exosphere.

Physical processes such as meteoroid stream impacts, the bombardment
of helium and hydrogen particles from the sun, thermal absorption, and
space weathering constantly modify the moon's surface as they work
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within the lunar exosphere. NASA's Lunar Atmosphere and Dust
Environment Explorer, or LADEE, spacecraft observed an increase in
exospheric gases when the rain of meteoroid impacts increases during a
stream. These interplanetary grains can hit the lunar surface at speeds
exceeding 21 miles (34 kilometers) per second, releasing immense heat,
and vaporizing part of the soil and meteoroids themselves.

Within this vapor are sodium and potassium gases. LADEE's Ultraviolet
Visible Spectrometer (UVS) instrument measured levels of sodium and
potassium around the moon every 12 hours for more than five months.
These frequent readings revealed a dynamic rise of gas levels in the
exosphere as meteor streams bombarded the moon, with the
concentrations of both elements returning to normal background levels
after the stream passed. Interestingly, the time it took to return to
"normal" was dramatically different for the two gases, with potassium
returning to its pre-shower state within days, while sodium took several
months.
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Artist’s concept of NASA's Lunar Atmosphere and Dust Environment Explorer
(LADEE) spacecraft in orbit above the moon. Credit: NASA Ames / Dana Berry

The findings are being presented at this week's meeting of the American
Geophysical Union in San Francisco and appear in the journal Science.
Researchers will incorporate these observations into exosphere models
of the moon and similar bodies to help NASA unravel the mysteries of
how our solar system originated and is changing over time.

"To understand the moon's exosphere requires insight into the processes
controlling it, including the interaction of meteoroid showers as well as
solar wind bombardment and ultraviolet radiation of the surface," said
Anthony Colaprete, researcher at NASA's Ames Research Center in
Moffett Field, California, and principal investigator of the UVS
instrument. "Understanding how these processes modify the exosphere
allows researchers to infer its original state. Since these processes are
ubiquitous across the solar system, knowledge gained by examining the
moon's exosphere can be applied to a range of other bodies, granting us
greater insight into their evolution through time."

A majority of bodies in the solar system are small and are considered
"airless," with exospheres in place of dense atmospheres. Our moon, icy
moons within our solar system, the planet Mercury, asteroids and even
Pluto are examples of small bodies with known exospheres that start
from their surface – surface-boundary exospheres. Larger bodies, such
as Earth, also have tenuous exospheres as the outermost layer of their
atmospheres.

Our moon can act as a nearby laboratory for learning more about both
the soil composition and the processes active in the atmospheres across
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our solar system and beyond.

"These observations enable us to constrain the physical processes that
contribute to the lunar exosphere," said Menelaos Sarantos of NASA's
Goddard Spaceflight Center in Greenbelt, Maryland, and the University
of Maryland, Baltimore County, and co-author of the paper. "We're
using these findings to build new exosphere models of how the space
environment interacts with the surfaces of airless bodies, which we can
use to better predict the processes and behaviors around similar bodies."

LADEE was launched in September 2013 and orbited the moon for
about six months. The robotic mission orbited the moon to gather
detailed information about the lunar atmosphere, conditions near the
surface, and environmental influences on lunar dust. Ames was
responsible for the LADEE spacecraft design, development, testing and
mission operations, in addition to managing the overall mission.
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