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Featured Story

Hayabusa2: Bringing Home a Mystery
On May 9, 2003, the Japanese Aerospace Exploration Agency (JAXA) launched Hayabusa, the first mission to return an asteroid sample back to Earth.
Fifteen years later, JAXA, in partnership with the European Space Agency (ESA), has sent a second mission to rendezvous with an asteroid, with the
objective of returning yet another sample. Both Hayabusa missions were designed to provide insight and understanding into the building blocks of
the solar system. Hayabusa brought us back pieces of 25143 Itokawa, an S-class asteroid. Hayabusa2 is on course to return samples from
162173 Ryugu, a C-class asteroid. This sample will be the first returned from a C-class asteroid.

The Spacecraft
Hayabusa2 launched on December 3, 2014, and arrived at its target, Ryugu, on June 27, 2018. This bold, exciting mission has raised the bar on its
predecessor by including a lander (the Mobile Asteroid Surface Scout, MASCOT, a collaboration with ESA) and three MINERVA_II rovers, as well as
targeting three touchdowns to sample the surface.

The sampling payload also includes the Small Carry-on Impactor (SCI), designed to create a crater on the surface of Ryugu. This crater will enable the
spacecraft to sample more pristine materials from below the space-weathered surface. The artificially created crater will also help to measure crater
scaling properties, which will provide scientists with information needed to more accurately date the surface. The main spacecraft hosts a payload
that includes the Optical Navigation Camera (ONC) system, which contains two wide-angle cameras (ONC-W1 and ONC-W2, whose primary purpose is
to provide optical navigation, but has also been employed to monitor the release and decent of the lander and rovers) and a narrow-angle camera
(ONC-T, equipped with seven color filters to measure the broadband spectral behavior in the visible), the Light Detection and Ranging (LIDAR)
altimeter (also used for navigation during the lander release, rover release, and sampling operations), the Thermal-Infrared Imager (TIR), and the
Near-Infrared Spectrometer (NIRS3). The Deployable Camera (DCAM3) is a releasable imager, whose purpose is to image the cratering event prior to
sampling while the main spacecraft hides from the ejecta.

The ESA-provided MASCOT lander contains its own payload for examining the surface. MASCOT carries a magnetometer, a radiometer, an infrared
spectrometer, and a camera capable of imaging the small-scale structures and textures of the regolith (the ground-up top layer of the surface).
MASCOT has the capability to “tumble” and reposition itself across the local surface, thus providing the mission with the capability to characterize the
regolith at multiple locations. MASCOT was deployed to Ryugu’s surface on October 3, 2018, and collected data for 17 hours until its battery ran out.

The MIcro-Nano Experimental Robot Vehicle for the Asteroid (MINERVA)-II rovers are successors to the MINERVA lander on the original Hayabusa
mission. MINERVA-II-1 carries rovers Rover-1A and Rover-1B, which were developed by JAXA. They move by hopping within Ryugu’s microgravity. Their
payload includes stereo and wide-angle cameras and a thermometer. MINERVA-II-2 carries a single rover, Rover-2, developed by a consortium of
Japanese universities led by Tohoku University. It also travels by hopping across the surface. Its payload consists of two cameras, a thermometer, and
an accelerometer. The MINERVA-II-1 rovers were deployed to Ryugu’s surface on September 21, 2018. As they are solar powered, they are still
operating. MINERVA-II-2 will be deployed in mid-2019.

The Target
Ryugu is a C-class asteroid, approximately 1 kilometer in diameter. C-class asteroids are believed to represent the most primitive bodies in our solar
system, with chemical compositions similar to the Sun and the early solar nebula. Such objects often contain hydrated minerals and carbon-
containing materials, compositions that explain their generally dark albedos. C-class asteroids are believed to be the source of the carbonaceous
chondrite meteorites collected here on Earth.

Ryugu is also a near-Earth asteroid, and therefore has an orbit that not only approaches that of Earth, but also brings it closer to the Sun than
asteroids that reside in the main belt (located between the orbits of Mars and Jupiter). Ryugu’s surface is alternately heated and cooled by the Sun as
it rotates, which contributes to the thermal processing of the surface.

Prior to Hayabusa2’s encounter with Ryugu, little was known of this asteroid. Groundbased spectra indicated that it was a dark object, but few
diagnostic mineral features were seen. The presence of the hydrated mineral feature typically observed at 0.7 micrometers was present in some, but
not all, observations. The early data returned from Hayabusa2 have shown that Ryugu is still quite mysterious.

The first images of Ryugu (Fig. 1) revealed a top-shaped object with an orbital period of ~7.6 hours. Ryugu displays a dark, rocky, hummocky surface.
There are boulders everywhere! Boulders of various sizes are strewn across the entire surface, making the selection of touchdown (for sampling) and
landing sites (for the safe decent of landers and rovers) extremely challenging. Distinctive features include craters and a ridge along the asteroid’s
equator, along with a large boulder near the south pole (top of image). Ryugu rotates in a retrograde direction, thus placing the “south pole” at the top
of the image.
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Fig. 1. Image of the asteroid 162173 Ryugu taken on June 30, 2018, shortly after
arrival into the home position, 20 kilometers from the asteroid. In this image, south
is at the top. A large boulder can be seen at the south pole (top of image, as Ryugu is
a retrograde rotator). Credit: JAXA, Tokyo University, Kochi University, Rikkyo
University, Nagoya University, Chiba Institute of Technology, Meiji University, Aizu
University, and AIST.

The home position for the spacecraft is a “parked orbit” where the spacecraft essentially hovers 20 kilometers above the surface and the instruments
observe the asteroid as it rotates beneath it. Images acquired from 6 kilometers (Fig. 2) and 64 meters (Fig. 3) above the surface show that the terrain
on this asteroid remains very rocky even at higher spatial scales.
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Fig. 2. This image of 162173 Ryugu was acquired on July 20, 2018 from an altitude
of 6 kilometers. The large crater on the equator, which makes Ryugu resemble a
beaten up Death Star, is seen in the center of the image. Credit: JAXA, Tokyo
University, Kochi University, Rikkyo University, Nagoya University, Chiba Institute of
Technology, Meiji University, Aizu University, and AIST.

 

Fig. 3. This image taken by the ONC-T from 64 meters altitude shows that even at
higher spatial scales the surface of Ryugu remains very rocky. Credit: JAXA, Tokyo
University, Kochi University, Rikkyo University, Nagoya University, Chiba Institute of
Technology, Meiji University, Aizu University, and AIST.

 

Images taken with the TIR (Fig. 4) indicate that the temperatures across Ryugu’s surface are not uniform. In fact, images taken from the home position
shortly after arrival show the northern hemisphere is warmer than the southern hemisphere.
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Fig. 4. Images of 162173 Ryugu taken by the TIR on June 30, 2018, show that the
northern hemisphere is much warmer than the southern hemisphere. The numbers
on the scale are relative, where blue indicates colder regions and red indicates
warmer regions. Credit: JAXA, Ashikaga University, Rikkyo University, Chiba Institute
of Technology, Aizu University, Hokkaido University of Education, Hokkaido
Kitamihito.

The Mission

The mission plan is an exciting blend of landers, rovers, an impact experiment, and sample collection, in addition to the intriguing observations to be
acquired from the main spacecraft. Operations are defined by spacecraft position, where observations taken from the 20-kilometer “home position”
are considered to be Box-A operations (Fig. 5). Box-B operations are conducted at the same altitude as Box-A; however, they include maneuvers of
the spacecraft in the horizontal direction with respect to the initial Box-A position. Box-C observations are those where the spacecraft remains in a
parked position but lowers its altitude. For example, images were acquired from 1000 meters above Ryugu during Box-C activities with both the ONC
wide-angle and telescopic cameras. These images provide the science team with high-spatial-resolution images that can be used along with lower-
resolution images to keep the observations in global context (Fig. 6).
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Fig. 5. This diagram displays the different spacecraft operational zones designed to
investigate Ryugu.
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Fig. 6. This image was taken by the ONC-W1 camera during the touchdown
rehearsal operations October 14–16, 2018. The shadow of the Hayabusa2
spacecraft can clearly be seen on the surface of Ryugu. Credit: JAXA, Tokyo
University, Kochi University, Rikkyo University, Nagoya University, Chiba Institute of
Technology, Meiji University, Aizu University, and AIST.

 

Hayabusa2 has wrapped up its early mission operations phase and has segued into its landed operations. The MINERVA-II-1 rovers are currently active
on the surface. Images acquired from the rovers show a highly rocky terrain (Fig. 7). ESA’s MASCOT lander, successfully deployed on October 3, 2018,
has also been operating on the surface. Images acquired by the ONC wide-angle camera captured the deployment of the MASCOT lander onto the
surface (Fig. 8).

Fig. 7. This image of Ryugu’s surface was taken by Rover-1B on September 23, 2018,
after landing on the surface. This image shows that the surface is rocky, even at
small spatial scales.
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Fig. 8. The MASCOT lander’s (upper left side of the image) deployment onto the
surface of Ryugu was captured by the ONC-W1. Here MASCOT is still above the
surface.

The first of the three touchdown and sample retrievals is planned for early 2019, after the spacecraft comes out of solar conjunction (which lasts from
late November through December 2018). Landing site selections (Fig. 9) were made primarily based on safety factors (minimizing large boulders and
surface slopes) as well as selecting a site that might offer the best opportunity to understand Ryugu’s mineralogy. The strategy has been to select sites
that offer an opportunity to return the least-processed, most-pristine materials possible.

Fig. 9. Location of the landing sites for MINERVA-II-1 (N6), MASCOT (MA-9), and the first touchdown sample
collection (L08) with touchdown backup sites (L07 and M04). Credit: JAXA, Tokyo University, Kochi University,
Rikkyo University, Nagoya University, Chiba Institute of Technology, Meiji University, Aizu University, and AIST.

Early next year, JAXA will start the sample collection phase of the mission in three parts. The first two consist of floating down to the surface, and firing
solid metal slugs into the regolith. The goal is to launch dust toward the probe for collection. The third requires Hayabusa2 to access material that’s
currently buried beneath the surface. It will use a small explosive projectile to make a crater before diving in to scoop up material. In total, JAXA hopes
to send 100 milligrams of dust back to Earth.

Hayabusa2 is well on its way to meeting all three of the mission’s objectives.  The first is to expand our scientific knowledge. By analyzing Ryugu’s
materials, we will get closer to learning about the solar system’s origins and evolution, as well as the emergence and history of life. We know that the
asteroid contains carbon, so we could discover water or organic materials, which are the basic building blocks of life.

The second objective is to maintain and develop the technology for exploring outer space. This precision explorer’s construction is the sum of
technological, scientific, and industrial capability. It is important for us to use the experience we’ve gained in order to make our space technology even
more sophisticated.

The third objective is to venture out into the frontier and broaden the range of human activity in space. Hayabusa2 will have a ripple effect in industry
and society, and will provide an educational experience for today’s youth. Space exploration missions are not short-term projects, and we will need
the help of today’s younger generation. We will teach the people who will succeed us, and continue the exploration of space.
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The Lunar and Planetary Information Bulletin collects, synthesizes, and disseminates current research and findings in the planetary
sciences to the research community, science libraries, educators, students, and the public. The Bulletin is dedicated to engaging,
exciting, and educating those with a passion for the space sciences while developing future generations of explorers.

The Bulletin welcomes articles dealing with issues related to planetary science and exploration. Of special interest are articles describing
web-based research and educational tools, meeting highlights and summaries, and descriptions of space missions. Peer-reviewed
research articles, however, are not appropriate for publication in the Bulletin. Suggested topics can be e-mailed to the editors, who will
provide guidelines for formatting and content.

Dr. Paul Schenk, Scientific Editor (schenk@lpi.usra.edu)

Renée Dotson, Production Editor (rdotson@hou.usra.edu)

The Bulletin is published on a quarterly schedule (January, April, July, and October). The copy deadline is the 15th of the month
immediately preceding publication.

To be added to the list to receive notification by e-mail of future issues, please visit www.lpi.usra.edu/forms/newsletter/.

The Bulletin is published by the Lunar and Planetary Institute (LPI), 3600 Bay Area Boulevard, Houston TX 77058. Material in this issue
may be copied without restraint for library, abstract service, education, or personal research purposes.

ISSN 1534-6587

The LPI is operated by the Universities Space Research Association under Award No. NNX15AL12A from the Science Mission Directorate
of the National Aeronautics and Space Administration. Any opinions, findings, and conclusions or recommendations expressed in this
issue are those of the author(s) and do not necessarily reflect the views of the National Aeronautics and Space Administration.
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News From Space

Martian Skies Clearing Over Opportunity Rover

Opportunity’s panoramic camera (Pancam) took the component images for this view from a position outside Endeavor Crater during the span of June 7 to
June 19, 2017. Toward the right side of this scene is a broad notch in the crest of the western rim of crater. Credit: NASA/JPL-Caltech/Cornell/Arizona State
University.

A planet-encircling dust storm on Mars, which was first detected May 30 and halted operations for the Opportunity rover, continues to abate.

With clearing skies over Opportunity’s resting spot in Mars’ Perseverance Valley, engineers at NASA’s Jet Propulsion Laboratory in Pasadena,
California, believe the nearly 15-year-old, solar-powered rover will soon receive enough sunlight to automatically initiate recovery procedures — if the
rover is able to do so. To prepare, the Opportunity mission team has developed a two-step plan to provide the highest probability of successfully
communicating with the rover and bringing it back online.

“The Sun is breaking through the haze over Perseverance Valley, and soon there will be enough sunlight present that Opportunity should be able to
recharge its batteries,” said John Callas, Opportunity project manager at JPL. “When the tau level [a measure of the amount of particulate matter in
the martian sky] dips below 1.5, we will begin a period of actively attempting to communicate with the rover by sending it commands via the antennas
of NASA’s Deep Space Network. Assuming that we hear back from Opportunity, we will begin the process of discerning its status and bringing it back
online.”

The rover’s last communication with Earth was received June 10, and Opportunity’s current health is unknown. Opportunity engineers are relying on
the expertise of Mars scientists analyzing data from the Mars Color Imager (MARCI) aboard NASA’s Mars Reconnaissance Orbiter (MRO) to estimate
the tau near the rover’s position.

“The dust haze produced by the martian global dust storm of 2018 is one of the most extensive on record, but all indications are it is finally coming to
a close,” said MRO Project Scientist Rich Zurek at JPL. “MARCI images of the Opportunity site have shown no active dust storms for some time within
about 1,900 miles (3,000 kilometers) of the rover site.”

With skies clearing, mission managers are hopeful the rover will attempt to call home, but they are also prepared for an extended period of silence. “If
we do not hear back after 45 days, the team will be forced to conclude that the Sun-blocking dust and the martian cold have conspired to cause some
type of fault from which the rover will more than likely not recover,” said Callas. At that point, the team will report to NASA HQ to determine whether
to continue with the strategy or adjust it. Callas added, “In the unlikely chance that there is a large amount of dust sitting on the solar arrays that is
blocking the Sun’s energy, we will continue passive listening efforts for several months.”

The additional several months for passive listening are an allowance for the possibility that a Red Planet dust devil could come along and literally dust
off Opportunity’s solar arrays. Such “cleaning events” were first discovered by Mars rover teams in 2004 when, on several occasions, battery power
levels aboard both Spirit and Opportunity increased by several percent during a single martian night, when the logical expectation was that they
would continue to decrease. These cleaning dust devils have even been imaged by both rovers on the surface and spacecraft in orbit.
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The chances are small that dust accumulation would be the root cause of Opportunity’s lack of communication. Nonetheless, each day during the
passive phase, JPL’s Radio Science group will scour the signal records taken by a very sensitive broadband receiver of radio frequencies emanating
from Mars, looking for a sign that the rover is trying to reach out.

Even if the team hears back from Opportunity during either phase, there is no assurance the rover will be operational. The impact of this latest storm
on Opportunity’s systems is unknown but could have resulted in reduced energy production, diminished battery performance, or other unforeseen
damage that could make it difficult for the rover to fully return online.

While the situation in Perseverance Valley is critical, the rover team is cautiously optimistic, knowing that Opportunity has overcome significant
challenges during its 14-plus years on Mars. The rover lost use of its front steering — its left-front in June of 2017, and right front in 2005. Its 256-
megabyte flash memory is no longer functioning. The team also knows that everything about the rover is well beyond its warranty period — both
Opportunity and its twin rover, Spirit, were constructed for 90-day missions (Spirit lasted 20 times longer and Opportunity is going on 60 times). The
rovers were designed to travel about 1,000 yards, and Opportunity has logged more than 28 miles. Through thick and thin, the team has seen their
rover soldier on. Now, Opportunity engineers and scientists of Opportunity are planning, and hoping, that this latest dilemma is just another bump in
their martian road.

“In a situation like this you hope for the best but plan for all eventualities,” said Callas. “We are pulling for our tenacious rover to pull her feet from the
fire one more time. And if she does, we will be there to hear her.”

For the current status of Opportunity, visit https://mars.nasa.gov/mer/mission/status_opportunityAll.html.

Ice Confirmed at the Moon’s Poles

The image shows the distribution of surface ice at the Moon’s south pole (left) and north pole (right), detected by NASA’s Moon Mineralogy Mapper
instrument. Blue represents the ice locations, plotted over an image of the lunar surface, where the gray scale corresponds to surface temperature (darker
representing colder areas and lighter shades indicating warmer zones). The ice is concentrated at the darkest and coldest locations, in the shadows of
craters. This is the first time scientists have directly observed definitive evidence of water ice on the Moon’s surface. Credit: NASA.

In the darkest and coldest parts of its polar regions, a team of scientists has directly observed definitive evidence of water ice on the Moon’s surface.
These ice deposits are patchily distributed and could possibly be ancient. At the southern pole, most of the ice is concentrated at lunar craters, while
the northern pole’s ice is more widely, but sparsely spread.

A team of scientists, led by Shuai Li of the University of Hawaii and Brown University and including Richard Elphic from NASA’s Ames Research Center
in California’s Silicon Valley, used data from NASA’s Moon Mineralogy Mapper (M ) instrument to identify three specific signatures that definitively
prove there is water ice at the surface of the Moon.

M , onboard the Chandrayaan-1 spacecraft launched in 2008 by the Indian Space Research Organization, was uniquely equipped to confirm the
presence of solid ice on the Moon. It collected data that not only picked up the reflective properties expected from ice, but was able to directly
measure the distinctive way its molecules absorb infrared light, so it could differentiate between liquid water or vapor and solid ice.

3

3
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This 1.5-metric-ton building block was produced as a demonstration of 3D printing techniques
using lunar soil. The design is based on a hollow closed-cell structure — reminiscent of bird bones
— to give a good combination of strength and weight. Credit: ESA.

Most of the newfound water ice lies in the shadows of craters near the poles, where the warmest temperatures never reach above –250°F. Because of
the very small tilt of the Moon’s rotation axis, sunlight never reaches these regions.

Previous observations indirectly found possible signs of surface ice at the lunar south pole, but these could have been explained by other
phenomena, such as unusually reflective lunar soil.

With enough ice sitting at the surface — within the top few millimeters — water would possibly be accessible as a resource for future expeditions to
explore and even stay on the Moon, and potentially easier to access than the water detected beneath the Moon’s surface.

Learning more about this ice, how it got there, and how it interacts with the larger lunar environment will be a key mission focus for NASA and
commercial partners for future lunar exploration.

Bricks from Moon Dust
Lunar masonry starts on Earth. European
researchers are working with Moon dust simulants
that could one day allow astronauts to build
habitats on our natural satellite and pave the way
for human space exploration.

The surface of the Moon is covered in grey, fine,
rough dust. This powdery soil is everywhere — an
indigenous source that could become the ideal
material for brickwork. You can crush it, burn it and
compress it.

“Moon bricks will be made of dust,” says Aidan
Cowley, ESA’s science advisor with a wealth of
experience in dealing with lunar soil. “You can
create solid blocks out of it to build roads and
launch pads, or habitats that protect your
astronauts from the harsh lunar environment.”

European teams see Moon dust as the starting
point to building up a permanent lunar outpost and
breaking explorers’ reliance on Earth supplies.

Lunar soil is a basaltic material made up of
silicates, a common feature in planetary bodies with volcanism.

“The Moon and Earth share a common geological history, and it is not difficult to find material similar to that found on the Moon in the remnants of
lava flows,” explains Cowley.

Around 45 million years ago, eruptions took place in a region around Cologne, in Germany. Researchers from the nearby European Astronaut Centre
(EAC) found that the volcanic powder in the area is a good match with what lunar dust is made of. And there is plenty of it.

The lunar dust substitute “made in Europe” already has a name: EAC-1.

The Spaceship EAC initiative is working with EAC-1 to prepare technologies and concepts for future lunar exploration.

“One of the great things about the lunar soil is that 40% of it is made up of oxygen,” adds Cowley. One Spaceship EAC project studies how to crack the
oxygen in it and use it to help astronauts extend their stay on the Moon.

Bombarded with constant radiation, lunar dust is electrically charged. This can cause particles to lift off the surface. Erin Tranfield, a member of ESA’s
lunar dust topical team, insists that we still need to fully understand its electrostatic nature.

Scientists do not yet know its chemical charge, nor the consequences for building purposes. Trying to recreate the behavior of lunar dust in a radiation
environment, Erin ground the surface of lunar simulants. She managed to activate the particles, but erased the properties of the surface.

“This gives us one more reason to go back to the Moon. We need pristine samples from the surface exposed to the radiation environment,” says
Tranfield. For this biologist who dreams of being the first woman on the Moon, a few sealed grams of lunar dust would be enough.

For more information, visit https://www.esa.int/Our_Activities/Human_Spaceflight/Exploration/Bricks_from_Moon_dust.

Mars Express Detects Liquid Water Hidden Under Planet’s South Pole
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ESA’s Mars Express has used radar signals bounced through underground layers of ice to identify a
pond of water buried below the surface. This image shows an example radar profile for one of 29
orbits over the study region in the south polar region of Mars. The bright horizontal feature at the
top corresponds to the icy surface of Mars. The brightest reflections from the base layer — close to
the center of this image — show a 20-kilometer-wide subsurface anomaly interpreted as a pond
of liquid water. Credit: ESA/NASA/JPL/ASI/Univ. Rome.

Radar data collected by ESA’s Mars Express point to a pond of liquid water buried under layers of ice and dust in the south polar region of Mars.

Evidence for the Red Planet’s watery past is prevalent across its surface in the form of vast dried-out river valley networks and gigantic outflow
channels clearly imaged by orbiting spacecraft. Orbiters, together with landers and rovers exploring the martian surface, also discovered minerals
that can only form in the presence of liquid water.

But the climate has changed significantly over the course of the planet’s 4.6 billion year history and liquid water cannot exist on the surface today, so
scientists are looking underground. Early results from the 15-year old Mars Express spacecraft already found that water ice exists at the planet’s
poles and is also buried in layers interspersed with dust.

The presence of liquid water at the base of the polar ice caps has long been suspected; after all, from studies on Earth, it is well known that the
melting point of water decreases under the pressure of an overlying glacier. Moreover, the presence of salts on Mars could further reduce the melting
point of water and keep the water liquid even at below-freezing temperatures.

But until now evidence from the Mars Advanced Radar for Subsurface and Ionosphere Sounding instrument (MARSIS), the first radar sounder ever to
orbit another planet, remained inconclusive.

It has taken the persistence of scientists working with this subsurface-probing instrument to develop new techniques in order to collect as much high-
resolution data as possible to confirm their exciting conclusion.

Ground-penetrating radar uses the method of sending radar pulses towards the surface and timing how long it takes for them to be reflected back to
the spacecraft, and with what strength. The properties of the material that lies between influences the returned signal, which can be used to map the
subsurface topography.

The radar investigation shows that the south polar region of Mars is made of many layers of ice and dust down to a depth of about 1.5 km in the 200
km-wide study area. A particularly bright radar reflection underneath the layered deposits is identified within a 20 km-wide zone.

Analyzing the properties of the reflected radar signals and considering the composition of the layered deposits and expected temperature profile
below the surface, the scientists interpret the bright feature as an interface between the ice and a stable body of liquid water, which could be laden
with salty, saturated sediments. For MARSIS to be able to detect such a patch of water, it would need to be at least several tens of centimeters thick.

“This subsurface anomaly on Mars has radar properties matching water or water-rich sediments,” says Roberto Orosei, principal investigator of the
MARSIS experiment and lead author of the paper published in the journal Science. “This is just one small study area; it is an exciting prospect to think
there could be more of these underground pockets of water elsewhere, yet to be discovered.”

“We’d seen hints of interesting subsurface features for years but we couldn’t reproduce the result from orbit to orbit, because the sampling rates and
resolution of our data was previously too low,” adds Andrea Cicchetti, MARSIS operations manager and a co-author on the paper. “We had to come up
with a new operating mode to bypass some onboard processing and trigger a higher sampling rate and thus improve the resolution of the footprint of
our dataset: now we see things that simply were not possible before.”

The finding is somewhat reminiscent of Lake Vostok, discovered some 4 km below the ice in Antarctica on Earth. Some forms of microbial life are
known to thrive in Earth’s subglacial environments, but could underground pockets of salty, sediment-rich liquid water on Mars also provide a suitable
habitat, either now or in the past? Whether life has ever existed on Mars remains an open question, and is one that Mars missions, including the
current European-Russian ExoMars orbiter and future rover, will continue to explore.
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“The long duration of Mars Express, and the exhausting effort made by the radar team to overcome many analytical challenges, enabled this much-
awaited result, demonstrating that the mission and its payload still have a great science potential,” says Dmitri Titov, ESA’s Mars Express project
scientist. “This thrilling discovery is a highlight for planetary science and will contribute to our understanding of the evolution of Mars, the history of
water on our neighbor planet and its habitability.”

For more information about Mars Express, visit http://www.esa.int/Our_Activities/Space_Science/Mars_Express.

Martian Skies Clearing Over Opportunity Rover

Opportunity’s panoramic camera (Pancam) took the component images for this view from a position outside Endeavor Crater during the span of June 7 to
June 19, 2017. Toward the right side of this scene is a broad notch in the crest of the western rim of crater. Credit: NASA/JPL-Caltech/Cornell/Arizona State
University.

A planet-encircling dust storm on Mars, which was first detected May 30 and halted operations for the Opportunity rover, continues to abate.

With clearing skies over Opportunity’s resting spot in Mars’ Perseverance Valley, engineers at NASA’s Jet Propulsion Laboratory in Pasadena,
California, believe the nearly 15-year-old, solar-powered rover will soon receive enough sunlight to automatically initiate recovery procedures — if the
rover is able to do so. To prepare, the Opportunity mission team has developed a two-step plan to provide the highest probability of successfully
communicating with the rover and bringing it back online.

“The Sun is breaking through the haze over Perseverance Valley, and soon there will be enough sunlight present that Opportunity should be able to
recharge its batteries,” said John Callas, Opportunity project manager at JPL. “When the tau level [a measure of the amount of particulate matter in
the martian sky] dips below 1.5, we will begin a period of actively attempting to communicate with the rover by sending it commands via the antennas
of NASA’s Deep Space Network. Assuming that we hear back from Opportunity, we will begin the process of discerning its status and bringing it back
online.”

The rover’s last communication with Earth was received June 10, and Opportunity’s current health is unknown. Opportunity engineers are relying on
the expertise of Mars scientists analyzing data from the Mars Color Imager (MARCI) aboard NASA’s Mars Reconnaissance Orbiter (MRO) to estimate
the tau near the rover’s position.

“The dust haze produced by the martian global dust storm of 2018 is one of the most extensive on record, but all indications are it is finally coming to
a close,” said MRO Project Scientist Rich Zurek at JPL. “MARCI images of the Opportunity site have shown no active dust storms for some time within
about 1,900 miles (3,000 kilometers) of the rover site.”

With skies clearing, mission managers are hopeful the rover will attempt to call home, but they are also prepared for an extended period of silence. “If
we do not hear back after 45 days, the team will be forced to conclude that the Sun-blocking dust and the martian cold have conspired to cause some
type of fault from which the rover will more than likely not recover,” said Callas. At that point, the team will report to NASA HQ to determine whether
to continue with the strategy or adjust it. Callas added, “In the unlikely chance that there is a large amount of dust sitting on the solar arrays that is
blocking the Sun’s energy, we will continue passive listening efforts for several months.”
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The additional several months for passive listening are an allowance for the possibility that a Red Planet dust devil could come along and literally dust
off Opportunity’s solar arrays. Such “cleaning events” were first discovered by Mars rover teams in 2004 when, on several occasions, battery power
levels aboard both Spirit and Opportunity increased by several percent during a single martian night, when the logical expectation was that they
would continue to decrease. These cleaning dust devils have even been imaged by both rovers on the surface and spacecraft in orbit.

The chances are small that dust accumulation would be the root cause of Opportunity’s lack of communication. Nonetheless, each day during the
passive phase, JPL’s Radio Science group will scour the signal records taken by a very sensitive broadband receiver of radio frequencies emanating
from Mars, looking for a sign that the rover is trying to reach out.

Even if the team hears back from Opportunity during either phase, there is no assurance the rover will be operational. The impact of this latest storm
on Opportunity’s systems is unknown but could have resulted in reduced energy production, diminished battery performance, or other unforeseen
damage that could make it difficult for the rover to fully return online.

While the situation in Perseverance Valley is critical, the rover team is cautiously optimistic, knowing that Opportunity has overcome significant
challenges during its 14-plus years on Mars. The rover lost use of its front steering — its left-front in June of 2017, and right front in 2005. Its 256-
megabyte flash memory is no longer functioning. The team also knows that everything about the rover is well beyond its warranty period — both
Opportunity and its twin rover, Spirit, were constructed for 90-day missions (Spirit lasted 20 times longer and Opportunity is going on 60 times). The
rovers were designed to travel about 1,000 yards, and Opportunity has logged more than 28 miles. Through thick and thin, the team has seen their
rover soldier on. Now, Opportunity engineers and scientists of Opportunity are planning, and hoping, that this latest dilemma is just another bump in
their martian road.

“In a situation like this you hope for the best but plan for all eventualities,” said Callas. “We are pulling for our tenacious rover to pull her feet from the
fire one more time. And if she does, we will be there to hear her.”

For the current status of Opportunity, visit https://mars.nasa.gov/mer/mission/status_opportunityAll.html.

Legacy of NASA’s Dawn, Near the End of Its Mission

This mosaic of Cerealia Facula is based on images obtained by NASA’s Dawn spacecraft in
its second extended mission, from an altitude as low as about 34 kilometers (21 miles).
The contrast in resolution obtained by the two phases is visible here, reflected by a few
gaps in the high-resolution coverage. This image is superposed to a similar scene
acquired in the low-altitude mapping orbit of the mission from an altitude of about
240 miles (385 kilometers). Credit: NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/PSI

NASA’s Dawn mission is drawing to a close after 11 years of breaking new ground in planetary science, gathering breathtaking imagery, and
performing unprecedented feats of spacecraft engineering.

Dawn’s mission was extended several times, outperforming scientists’ expectations in its exploration of two planet-like bodies, Ceres and Vesta, that
make up 45% of the mass of the main asteroid belt. Now the spacecraft is about to run out of a key fuel, hydrazine. When that happens, most likely
between mid-September and mid-October, Dawn will lose its ability to communicate with Earth. It will remain in a silent orbit around Ceres for
decades.

“Although it will be sad to see Dawn’s departure from our mission family, we are intensely proud of its many accomplishments,” said Lori Glaze, acting
director of the Planetary Science Division at NASA Headquarters in Washington. “Not only did this spacecraft unlock scientific secrets at these two
small but significant worlds, it was also the first spacecraft to visit and orbit bodies at two extraterrestrial destinations during its mission. Dawn’s
science and engineering achievements will echo throughout history.”

When Dawn launched from Cape Canaveral Air Force Station in Florida in September 2007, strapped on a Delta II-Heavy rocket, scientists and
engineers had an idea of what Ceres and Vesta looked like. Thanks to ground- and spacebased telescopes, including NASA’s Hubble Space Telescope,
the bodies in the asteroid belt between Mars and Jupiter were visible — but even the best pictures were fuzzy.
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From 2011 to 2012, Dawn swept over Vesta, capturing images that exceeded everyone’s imaginings — craters, canyons and even mountains. Then on
Ceres in 2015, Dawn showed us a cryovolcano and mysterious bright spots, which scientists later found might be salt deposits produced by the
exposure of briny liquid from Ceres’ interior. Through Dawn’s eyes, these bright spots were especially stunning, glowing like diamonds scattered
across the dwarf planet’s surface.

“Dawn’s legacy is that it explored two of the last uncharted worlds in the inner solar system,” said Marc Rayman of NASA’s Jet Propulsion Laboratory in
Pasadena, California, who serves as Dawn’s mission director and chief engineer. “Dawn has shown us alien worlds that for two centuries were just
pinpoints of light amidst the stars. And it has produced these richly detailed, intimate portraits and revealed exotic, mysterious landscapes unlike
anything we’ve ever seen.”

Dawn is the only spacecraft to orbit a body in the asteroid belt. And it is the only spacecraft to orbit two extraterrestrial destinations. These feats were
possible thanks to ion propulsion, a tremendously efficient propulsion system familiar to science-fiction fans and space enthusiasts. Dawn pushed the
limits of the system’s capabilities and stamina, showing how useful it is for other missions that aim to visit multiple destinations.

Pushed by ion propulsion, Dawn reached Vesta in 2011 and investigated it from surface to core during 14 months in orbit. In 2012, engineers
maneuvered Dawn out of orbit and steered it though the asteroid belt for more than two years before inserting it into orbit around the dwarf planet
Ceres, where it has been collecting data since 2015.

All the while, scientists gained new insight into the early stages of our solar system, fulfilling Dawn’s objective. The mission was named for its purpose:
to learn more about the dawn of the solar system. It targeted Ceres and Vesta because they function as time capsules, intact survivors of the earliest
part of our history. And the duo delivered, giving scientists insight into the original building blocks of the solar system.

“Vesta and Ceres have each told their story of how and where they formed, and how they evolved — a fiery magmatic history that led to rocky Vesta
and a cooler, water-rich history that resulted in the ancient ocean world Ceres,” said Carol Raymond of JPL, principal investigator of the Dawn mission.
“These treasure troves of information will continue to help us understand other bodies in the solar system far into the future.”

There was so much that scientists didn’t know about Ceres before Dawn arrived. Raymond wondered whether they might find Ceres covered with a
smooth, young surface — an enormous cue ball with a frozen crust. Instead, they found the dwarf planet wearing the chemistry of its old ocean.
“What we found was completely mind-blowing. Ceres’ history is just splayed all over its surface,” she said.

Some of the dazzling bright spots turned out to be brilliant salty deposits, composed mainly of sodium carbonate that made its way to the surface in a
slushy brine from within or below the crust.

The findings reinforce the idea that dwarf planets, not just icy moons like Enceladus and Europa, could have hosted oceans during their history — and
potentially still do. Analyses from Dawn data suggest there may still be liquid under Ceres’ surface and that some regions were geologically active
relatively recently, feeding from a deep reservoir.

One of Dawn’s biggest reveals on Ceres lay in the region of Ernutet Crater. Organic molecules were found in abundance. Organics are among the
building blocks of life, though Dawn’s data can’t determine if Ceres’ organics were formed by biological processes.

“There is growing evidence that the organics in Ernutet came from Ceres’ interior, in which case they could have existed for some time in the early
interior ocean,” said Julie Castillo-Rogez, Dawn’s project scientist and deputy principal investigator at JPL.

At Vesta, Dawn’s investigation into the early solar system found a 4.5-billion-year-old witness it could interrogate. Dawn mapped the craters of the
planet-like world and revealed that its northern hemisphere had experienced more large impacts than expected, suggesting there were more large
objects in the asteroid belt early on than scientists thought.

Vesta held other surprises as well. While it’s technically classified as an asteroid, that label belies the rich and varied terrain Dawn revealed, and the
planet-like processes that Vesta experienced. Hubble had relayed images of a mountain at the center of an enormous basin now called Rheasilvia.
Dawn’s mapping showed it to be twice the height of Mt. Everest, and it revealed canyons that rival the Grand Canyon in size. Dawn also confirmed
Vesta as the source of a very common family of meteorites.

Now, near the end of Dawn’s second extended mission at Ceres, the spacecraft has continued to gather high-resolution images, gamma ray and
neutron spectra, infrared spectra, and gravity data. Almost once a day, it will swoop over Ceres about 35 kilometers (22 miles) from its surface — only
about three times the altitude of a passenger jet — gathering valuable data until it expends the last of the hydrazine that feeds thrusters controlling
its orientation. Dawn’s reaction wheels failed earlier in the mission, leaving it heavily dependent on this key fuel. When Dawn runs out in the next
month or two, the spacecraft will lose its ability to communicate with Earth, but it must not crash into Ceres.

Because Ceres has conditions of interest to scientists who study chemistry that leads to the development of life, NASA follows strict planetary
protection protocols for the disposal of the Dawn spacecraft. Unlike Cassini, which deliberately plunged into Saturn’s atmosphere to protect the
system from contamination — Dawn will remain in orbit around Ceres, which has no atmosphere.

Engineers designed Dawn’s final orbit to ensure it will not crash for at least 20 years — and likely decades longer.

Rayman, who led the team that flew Dawn throughout the mission and into its final orbit, likes to think of Dawn’s end this way:  as “an inert, celestial
monument to human creativity and ingenuity.”
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For more information about the Dawn mission, please visit https://dawn.jpl.nasa.gov/.

Observatories Team Up to Reveal Rare Double Asteroid

Bistatic radar images of the binary asteroid 2017 YE5 from the Arecibo Observatory and the Green Bank Observatory on June 25. The observations show
that the asteroid consists of two separate objects in orbit around each other. Credit: Arecibo/GBO/NSF/NASA/JPL-Caltech.

New observations by three of the world’s largest radio telescopes have revealed that an asteroid discovered last year is actually two objects, each
about 900 meters (3000 feet) in size, orbiting each other.

Near-Earth asteroid 2017 YE5 was discovered with observations provided by the Cadi Ayyad University Morocco Oukaimeden Sky Survey on
December 21, 2017, but no details about the asteroid’s physical properties were known until the end of June. This is only the fourth “equal mass”
binary near-Earth asteroid ever detected, consisting of two objects nearly identical in size, orbiting each other. The new observations provide the most
detailed images ever obtained of this type of binary asteroid.

On June 21, the asteroid 2017 YE5 made its closest approach to Earth for at least the next 170 years, coming to within 3.7 million miles (6 million
kilometers) of Earth, or about 16 times the distance between Earth and the Moon. On June 21 and 22, observations by NASA’s Goldstone Solar System
Radar (GSSR) in California showed the first signs that 2017 YE5 could be a binary system. The observations revealed two distinct lobes, but the
asteroid’s orientation was such that scientists could not see if the two bodies were separate or joined. Eventually, the two objects rotated to expose a
distinct gap between them.

Scientists at the Arecibo Observatory in Puerto Rico had already planned to observe 2017 YE5, and they were alerted by their colleagues at Goldstone
of the asteroid’s unique properties. On June 24, the scientists teamed up with researchers at the Green Bank Observatory (GBO) in West Virginia and
used the two observatories together in a bi-static radar configuration (in which Arecibo transmits the radar signal and Green Bank receives the return
signal). Together, they were able to confirm that 2017 YE5 consists of two separated objects. By June 26, both Goldstone and Arecibo had
independently confirmed the asteroid’s binary nature.

The new observations obtained between June 21 and 26 indicate that the two objects revolve around each other once every 20 to 24 hours. This was
confirmed with visible-light observations of brightness variations by Brian Warner at the Center for Solar System Studies in Rancho Cucamonga,
California.

Radar imaging shows that the two objects are larger than their combined optical brightness originally suggested, indicating that the two rocks do not
reflect as much sunlight as a typical rocky asteroid. 2017 YE5 is likely as dark as charcoal. The Goldstone images taken on June 21 also show a striking
difference in the radar reflectivity of the two objects, a phenomenon not seen previously among more than 50 other binary asteroid systems studied
by radar since 2000. (However, the majority of those binary asteroids consist of one large object and a much smaller satellite.) The reflectivity
differences also appear in the Arecibo images and hint that the two objects may have different densities, compositions near their surfaces, or
different surface roughnesses.

Scientists estimate that among near-Earth asteroids larger than 650 feet (200 meters) in size, about 15 percent are binaries with one larger object and
a much smaller satellite. Equal-mass binaries like 2017 YE5 are much rarer. Contact binaries, in which two similarly sized objects are in contact, are
thought to make up another 15 percent of near-Earth asteroids larger than 650 feet (200 meters) in size.
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The discovery of the binary nature of 2017 YE5 provides scientists with an important opportunity to improve understanding of different types of
binaries and to study the formation mechanisms between binaries and contact binaries, which may be related. Analysis of the combined radar and
optical observations may allow scientists to estimate the densities of the 2017 YE5 objects, which will improve understanding of their composition and
internal structure, and of how they formed.

For more information about near-Earth objects, visit https://cneos.jpl.nasa.gov/.

Radiation Maps of Jupiter’s Moon Europa: Key to Future Missions

Radiation from Jupiter can destroy molecules on Europa’s surface. Material from Europa’s ocean that ends up on the surface will be bombarded by
radiation, possibly destroying any biosignatures, or chemical signs that could imply the presence of life. Credit: NASA/JPL-Caltech.

New comprehensive mapping of the radiation pummeling Jupiter’s icy moon Europa reveals where scientists should look — and how deep they will
have to go — when searching for signs of habitability and biosignatures.

Since NASA’s Galileo mission yielded strong evidence of a global ocean underneath Europa’s icy shell in the 1990s, scientists have considered that
moon one of the most promising places in our solar system to look for ingredients to support life. There is even evidence that the salty water sloshing
around the moon’s interior makes its way to the surface.

By studying this material from the interior, scientists developing future missions hope to learn more about the possible habitability of Europa’s ocean.
However, Europa’s surface is bombarded by a constant and intense blast of radiation from Jupiter. This radiation can destroy or alter material
transported up to the surface, making it more difficult for scientists to know if it actually represents conditions in Europa’s ocean.

As scientists plan for upcoming exploration of Europa, they have grappled with many unknowns: Where is the radiation most intense? How deep do
the energetic particles go? How does radiation affect what’s on the surface and beneath – including potential chemical signs, or biosignatures, that
could imply the presence of life.

A recent scientific study, published in Nature Astronomy, represents the most complete modeling and mapping of radiation at Europa and offers key
pieces to the puzzle. The lead author is Tom Nordheim, research scientist at NASA’s Jet Propulsion Laboratory, Pasadena, California.

“If we want to understand what’s going on at the surface of Europa and how that links to the ocean underneath, we need to understand the
radiation,” Nordheim said. “When we examine materials that have come up from the subsurface, what are we looking at? Does this tell us what is in
the ocean, or is this what happened to the materials after they have been radiated?”

Using data from Galileo’s flybys of Europa two decades ago and electron measurements from NASA’s Voyager 1 spacecraft, Nordheim and his team
looked closely at the electrons blasting the moon’s surface. They found that the radiation doses vary by location. The harshest radiation is
concentrated in zones around the equator, and the radiation lessens closer to the poles.

Mapped out, the harsh radiation zones appear as oval-shaped regions, connected at the narrow ends, that cover more than half of the moon.
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“This is the first prediction of radiation levels at each point on Europa’s surface and is important information for future Europa missions,” said Chris
Paranicas, a co-author from the Johns Hopkins Applied Physics Laboratory in Laurel, Maryland.

Now scientists know where to find regions least altered by radiation, which could be crucial information for Europa Clipper, NASA’s mission to orbit
Jupiter and monitor Europa with about 45 close flybys. The spacecraft may launch as early as 2022 and will carry cameras, spectrometers, plasma and
radar instruments to investigate the composition of the moon’s surface, its ocean, and material that has been ejected from the surface.

In his paper, Nordheim did not stop with a two-dimensional map. He went deeper, gauging how far below the surface the radiation penetrates, and
building 3D models of the most intense radiation on Europa. The results show how deep scientists need to dig or drill, during a potential future
Europa lander mission, to find any biosignatures that might be preserved.

The answer varies, from 4 to 8 inches (10 to 20 centimeters) in the highest-radiation zones — down to less than 1 centimeter (0.4 inches) deep in
regions of Europa at middle- and high-latitudes, toward the moon’s poles.

To reach that conclusion, Nordheim tested the effect of radiation on amino acids, basic building blocks for proteins, to figure out how Europa’s
radiation would affect potential biosignatures. Amino acids are among the simplest molecules that qualify as a potential biosignature, the paper
notes.

“The radiation that bombards Europa’s surface leaves a fingerprint,” said Kevin Hand, co-author of the new research and project scientist for the
potential Europa Lander mission. “If we know what that fingerprint looks like, we can better understand the nature of any organics and possible
biosignatures that might be detected with future missions, be they spacecraft that fly by or land on Europa. Europa Clipper’s mission team is
examining possible orbit paths, and proposed routes pass over many regions of Europa that experience lower levels of radiation,” Hand said. “That’s
good news for looking at potentially fresh ocean material that has not been heavily modified by the fingerprint of radiation.”

For more information about Europa Clipper, visit https://www.nasa.gov/europa.

Cassini’s Final View of Titan’s Northern Lakes and Seas

During the Cassini mission’s final distant encounter with Saturn’s giant moon Titan, the spacecraft captured this view of the enigmatic moon’s north polar
landscape of lakes and seas, which are filled with liquid methane and ethane. Credit: NASA/JPL-Caltech/SSI.

During NASA’s Cassini mission’s final distant encounter with Saturn’s giant moon Titan, the spacecraft captured the enigmatic moon’s north polar
landscape of lakes and seas, which are filled with liquid methane and ethane.

They were imaged on September 11, 2017. Four days later, Cassini was deliberately plunged into the atmosphere of Saturn.

Punga Mare (390 kilometers, or 240 miles, across) is seen just above the center of the mosaic, with Ligeia Mare (500 kilometers, or 300 miles, wide)
below center and the vast Kraken Mare stretching off 1200 kilometers (730 miles) to the left of the mosaic. Titan’s numerous smaller lakes can be
seen around the seas and scattered around the right side of the mosaic. Among the ongoing mysteries about Titan is how these lakes are formed.
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With its dense atmosphere, Titan has a methane cycle much like Earth’s water cycle of evaporation, cloud formation, rainfall, surface runoff into rivers,
and collection in lakes and seas. During Titan’s southern summer, Cassini observed cloud activity over the south pole.

However, typical of observations taken during northern spring and summer, the view here reveals only a few small clouds. They appear as bright
features just below the center of the mosaic, including a few above Ligeia Mare.

“We expected more symmetry between the southern and northern summer,” said Elizabeth (“Zibi”) Turtle of the Johns Hopkins Applied Physics Lab
and the Cassini Imaging Science Subsystem (ISS) team that captured the image. “In fact, atmospheric models predicted summer clouds over the
northern latitudes several years ago. So, the fact that they still hadn’t appeared before the end of the mission is telling us something interesting
about Titan’s methane cycle and weather.”

“Titan is a fascinating place that really teases us with some of its mysteries,” said Turtle.

For more information about the Cassini Solstice Mission, visit http://ciclops.org.

Students Digging into Data Archive Spot Mysterious X-Ray Source

A peculiar X-ray source spotted in the globular cluster NGC 6540 as part of a
collaboration between scientists at the National Institute of Astrophysics (INAF) in Milan,
Italy, and a group of students from a local high school. Credit: ESA/XMM-Newton; A. De
Carlo (INAF).

An enigmatic X-ray source revealed as part of a data-mining project for high-school students shows unexplored avenues hidden in the vast archive of
ESA’s XMM-Newton X-ray Observatory.

When XMM-Newton was launched in 1999, most students who are finishing high school today were not even born. Yet, ESA’s almost two-decade old
X-ray observatory has many surprises to be explored by the next generation of scientists.

A taste of new discoveries was unveiled in a recent collaboration between scientists at the National Institute of Astrophysics (INAF) in Milan, Italy, and
a group of twelfth-grade students from a secondary school in nearby Saronno.

The fruitful interaction was part of the Exploring the X-ray Transient and variable Sky project (EXTraS), an international research study of variable
sources from the first 15 years of XMM-Newton observations.

“We recently published the EXTraS catalogue, which includes all the X-ray sources — about half a million — whose brightness changes over time as
observed by XMM-Newton, and lists several observed parameters for each source,” says Andrea De Luca, one of the scientists who coordinated the
student project. “The next step was to delve into this vast dataset and find potentially interesting sources, and we thought this would be an exciting
challenge for a student internship.”

Scientists at INAF in Milan have been cooperating with local schools for a few years, hosting several groups of students at the institute for a couple of
weeks and embedding them in the activities of the various research groups.

“For this particular project, the students received an introduction about astronomy and the exotic sources we study with X-ray telescopes, as well as a
tutorial on the database and how to use it,” explains Ruben Salvaterra, another scientist involved in the program. “Once they were ready to explore
the data archive, they proved very effective and resourceful.”

The six students analyzed about 200 X-ray sources, looking at their light curve — a graph showing the object’s variability over time — and checking the
scientific literature to verify whether they had been studied already.

Eventually, they identified a handful of sources exhibiting interesting properties — a powerful flare, for example — that had not been previously
reported by other studies.
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“One of the sources stood out as especially intriguing,” says De Luca.

Featuring the shortest flare of all analyzed objects, this source appears to be located in the globular cluster NGC 6540 — a dense grouping of stars —
and had not been studied before.

After presenting their findings to the scientists in a seminar, the students went back to school. But the work for De Luca, Salvaterra and collaborators
had only just begun.

“The source identified by the students displays brightness changes like no other known objects, so we started looking more in detail,” says Salvaterra.

An otherwise low-luminosity source of X-rays, XMM-Newton saw it brighten by up to 50 times its normal level in 2005, and quickly fall again after
about five minutes.

Stars like our Sun shine moderately in X-rays, and occasionally undergo flares that boost their brightness like the one observed in this source.
However, such events normally last much longer — up to a few hours or even days.

On the other hand, short outbursts are observed in binary star systems hosting a dense stellar remnant such as neutron star, but these outpourings
of X-rays are characterized by a much higher luminosity.

“This event is challenging our understanding of X-ray outbursts: too short to be an ordinary stellar flare, but too faint to be linked to a compact object,”
explains collaborator Sandro Mereghetti, lead author of the paper presenting the results.

Another possibility is that the source is a so-called chromospherically active binary, a dual system of stars with intense X-ray activity caused by
processes in their chromosphere, an intermediate layer in a star’s atmosphere. But even in this case, it does not closely match the properties of any
known object of this class.

The scientists suspect that this peculiar source is not unique, and that other objects with similar properties are lurking in the XMM-Newton archive
but have not yet been identified because of the combination of low luminosity and short duration of the flare.

“The systematic study of variability that led to the compilation of the EXTraS catalogue, together with this first attempt at data mining, suggests that we
have opened a new, unexplored window on the X-ray Universe,” adds Mereghetti.

The team plans to study the newly identified source in greater detail to better understand its nature, while searching for more similar objects in the
archive.

“It is exciting to find hidden jewels like this source in the XMM-Newton archive, and that young students are helping us find them while learning and
having fun,” concludes Norbert Schartel, XMM-Newton project scientist at ESA.

Our Solar System’s First Known Interstellar Object Gets Unexpected Speed Boost
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This artist’s illustration shows ‘Oumuamua racing toward the outskirts of our solar system, and is annotated with the locations of the planetary orbits. As the
complex rotation of the object makes it difficult to determine the exact shape, there are many models of what it could look like. Credit: NASA/JPL-Caltech.

Using observations from NASA’s Hubble Space Telescope and groundbased observatories, an international team of scientists has confirmed
‘Oumuamua (oh-MOO-ah-MOO-ah), the first known interstellar object to travel through our solar system, got an unexpected boost in speed and shift
in trajectory as it passed through the inner solar system last year.

“Our high-precision measurements of ‘Oumuamua’s position revealed that there was something affecting its motion other than the gravitational
forces of the Sun and planets,” said Marco Micheli of ESA’s (European Space Agency) Space Situational Awareness Near-Earth Object Coordination
Centre in Frascati, Italy, and lead author a paper describing the team’s findings.

Analyzing the trajectory of the interstellar visitor, co-author Davide Farnocchia of the Center for Near Earth Object Studies (CNEOS) at NASA’s Jet
Propulsion Laboratory, Pasadena, California, found that the speed boost was consistent with the behavior of a comet.

“This additional subtle force on ‘Oumuamua likely is caused by jets of gaseous material expelled from its surface,” said Farnocchia. “This same kind of
outgassing affects the motion of many comets in our solar system.”

Comets normally eject large amounts of dust and gas when warmed by the Sun. But according to team scientist Olivier Hainaut of the European
Southern Observatory, “There were no visible signs of outgassing from ‘Oumuamua, so these forces were not expected.”

The team estimates that ‘Oumuamua’s outgassing may have produced a very small amount of dust particles — enough to give the object a little kick
in speed, but not enough to be detected.

Karen Meech, an astronomer at the University of Hawaii’s Institute of Astronomy and co-author of the study, speculated that small dust grains,
present on the surface of most comets, eroded away during ‘Oumuamua’s long journey through interstellar space.

“The more we study ‘Oumuamua, the more exciting it gets,” Meech said. “I’m amazed at how much we have learned from a short, intense observing
campaign. I can hardly wait for the next interstellar object!”

‘Oumuamua, less than half a mile in length, now is farther away from our Sun than Jupiter and traveling away from the Sun at about 113,000
kilometers (70,000 miles) per hour as it heads toward the outskirts of the solar system. In only another four years, it will pass Neptune’s orbit on its
way back into interstellar space.

Because ‘Oumuamua is the first interstellar object ever observed in our solar system, researchers caution that it’s difficult to draw general conclusions
about this newly-discovered class of celestial bodies. However, observations point to the possibility that other star systems regularly eject small
comet-like objects, and there should be more of them drifting among the stars. Future ground- and spacebased surveys could detect more of these
interstellar vagabonds, providing a larger sample for scientists to analyze.

For more about asteroids, please visit https://www.jpl.nasa.gov/asteroidwatch/.

Infant Exoplanet Weight by Hipparcos and Gaia

The planet Beta Pictoris b is visible orbiting its host star in this composite image from
the European Southern Observatory’s (ESO) 3.6-meter telescope and the NACO
instrument on ESO’s 8.2-meter Very Large Telescope. The Beta Pictoris system is only
about 20 million years old, roughly 225 times younger than the solar system. Credit:
ESO/A-M. Lagrange et al.

The mass of a very young exoplanet has been revealed for the first time using data from the European Space Agency’s star mapping spacecraft Gaia
and its predecessor, the quarter-century retired Hipparcos satellite.
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Astronomers Ignas Snellen and Anthony Brown from Leiden University, the Netherlands, deduced the mass of the planet Beta Pictoris b from the
motion of its host star over a long period of time as captured by both Gaia and Hipparcos.

The planet is a gas giant similar to Jupiter but, according to the new estimate, is 9 to 13 times more massive. It orbits the star Beta Pictoris, the second
brightest star in the constellation Pictor.

The planet was only discovered in 2008 in images captured by the Very Large Telescope at the European Southern Observatory in Chile. Both the
planet and the star are only about 20 million years old — roughly 225 times younger than the solar system. Its young age makes the system intriguing
but also difficult to study using conventional methods.

“In the Beta Pictoris system, the planet has essentially just formed,” says Snellen. “Therefore we can get a picture of how planets form and how they
behave in the early stages of their evolution. On the other hand, the star is very hot, rotates fast, and it pulsates.”

This behavior makes it difficult for astronomers to accurately measure the star’s radial velocity — the speed at which it appears to periodically move
towards and away from the Earth. Tiny changes in the radial velocity of a star, caused by the gravitational pull of planets in its vicinity, are commonly
used to estimate masses of exoplanets. But this method mainly works for systems that have already gone through the fiery early stages of their
evolution.

In the case of Beta Pictoris b, upper limits of the planet’s mass range had been arrived at before using the radial velocity method. To obtain a better
estimate, the astronomers used a different method, taking advantage of Hipparcos’ and Gaia’s measurements that reveal the precise position and
motion of the planet’s host star in the sky over time.

“The star moves for different reasons,” says Snellen. “First, the star circles around the centre of the Milky Way, just as the Sun does. That appears
from the Earth as a linear motion projected on the sky. We call it proper motion. And then there is the parallax effect, which is caused by the Earth
orbiting around the Sun. Because of this, over the year, we see the star from slightly different angles.”

And then there is something that the astronomers describe as “tiny wobbles” in the trajectory of the star across the sky — minuscule deviations from
the expected course caused by the gravitational pull of the planet in the star’s orbit. This is the same wobble that can be measured via changes in the
radial velocity, but along a different direction — on the plane of the sky, rather than along the line of sight.

“We are looking at the deviation from what you expect if there was no planet and then we measure the mass of the planet from the significance of
this deviation,” says Brown. “The more massive the planet, the more significant the deviation.”

To be able to make such an assessment, astronomers need to observe the trajectory of the star for a long period of time to properly understand the
proper motion and the parallax effect.

The Gaia mission, designed to observe more than one billion stars in our galaxy, will eventually be able to provide information about a large amount
of exoplanets. In the 22 months of observations included in Gaia’s second data release, published in April, the satellite has recorded the star Beta
Pictoris about 30 times. That, however, is not enough.

“Gaia will find thousands of exoplanets, that’s still on our to-do list,” says Timo Prusti, ESA’s Gaia project scientist. “The reason that the exoplanets can
be expected only late in the mission is the fact that to measure the tiny wobble that the exoplanets are causing, we need to trace the position of stars
for several years.”

Combining the Gaia measurements with those from ESA’s Hipparcos mission, which observed Beta Pictoris 111 times between 1990 and 1993,
enabled Snellen and Brown to get their result much faster. This led to the first successful estimate of a young planet’s mass using astrometric
measurements.

“By combining data from Hipparcos and Gaia, which have a time difference of about 25 years, you get a very long term proper motion,” says Brown.

“This proper motion also contains the component caused by the orbiting planet. Hipparcos on its own would not have been able to find this planet
because it would look like a perfectly normal single star unless we had measured it for a much longer time.

“Now, by combining Gaia and Hipparcos and looking at the difference in the long term and the short term proper motion, we can see the effect of the
planet on the star.”

The result represents an important step towards better understanding the processes involved in planet formation, and anticipates the exciting
exoplanet discoveries that will be unleashed by Gaia’s future data releases.

For more information on Gaia, visit https://www.esa.int/Our_Activities/Space_Science/Gaia/Gaia_overview.
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The Lunar and Planetary Institute’s 50th Anniversary Science Symposium

Commemorating 50 Years of Planetary Science at the Lunar and Planetary Institute
The Lunar and Planetary Institute (LPI), established in 1968, is devoted to the study of the formation of the solar system, its evolution into the
dynamic planetary system we have today, and the potential for life elsewhere.

To commemorate the LPI’s 50th anniversary, a one-day science symposium was held on March 17, 2018, in the Lecture Hall of the Universities Space
Research Association building in Houston, Texas. The symposium program was organized starting with the inner planets extending to the outer solar
system and beyond. The talks were presented by leaders in the planetary science community, many of whom were former LPI scientists and interns.

In this issue, we highlight Dr. Ben Bussey (NASA), who presented Revealing the Moon: Fifty Years of Discovery at the Lunar Science (and Planetary) Institute
on behalf of Dr. Paul Spudis, of the LPI.
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Meeting Highlights

NASA Technosignatures Workshop

The NASA Technosignatures Workshop was held at the Lunar and Planetary Institute in Houston, Texas, from September 25–28, 2018. This workshop
was commissioned by the Astrophysics Division at NASA HQ to better understand the Technosignature field.

In addition to the 51 in-person attendees, the workshop had approximately 40 scientists participate via Adobe Connect, and more than 4000 people
watched the workshop live on NASA TV. There was also a Reddit AMA (Ask Me Anything) event connected to this workshop. Five scientists attending
the meeting electronically answered as many of the hundreds of questions from the public as possible over a one-hour time period.

The three-and-a-half-day workshop covered the background and the current state of the field. Presentations included, but were not limited to, topics
on types of technosignatures, radio search for extraterrestial intelligence (SETI), solar system SETI, megastructures, data mining, and near-infrared
optical (NIRO) searches. Speakers were also chosen from the principal investigators who submitted responses to the NASA HQ Request for
Information on partnering with NASA to enable technosignature searches.

The workshop allotted long coffee breaks and lunches to encourage time for discussion. It also had several hours of discussion on the last morning to
address questions from the attendees or topics not explicitly covered by other presentations at the workshop. As a result of language inserted into
the current House Appropriations Bill, the output for the workshop is a report to NASA, due in late November, educating the agency on the state of
the Technosignature field and on potential partnerships with private and philanthropic entities. The workshop spent the final afternoon with breakout
groups to begin writing this report.

For more information, including links to the agenda and videos of the presentations, visit the meeting website at
https://www.hou.usra.edu/meetings/technosignatures2018/.

— Submitted by Dawn M. Gelino, NASA Exoplanet Science Institute

Late Mars Workshop

The Late Mars Workshop took place at the Lunar and Planetary Institute in Houston, Texas, on October 1–2, 2018, and comprised two days of oral
presentations and a poster session. The aim of the workshop was to promote and facilitate the discussion and verbal exploration of current and/or
recent geological activity at/near the surface of Mars.

The discussions covered landforms and landscape features, i.e., recurring slope lineae; gullies, south-polar spiders; thermokarst; small-sized
polygons; and (possible) perennial ice-cored mounds, as well as processes, i.e., CO  and/or dry slope-centered flows; brines and/the metastability of
water; the freeze-thaw cycling of water; and obliquity/eccentricity influenced climate change. Background (invited) presentations elaborated upcoming

2

Issue #154 25 of 53 October 2018

Copyright 2018 Lunar and Planetary Institute



Mars missions and goals and tabled the most recent orbiter-generated observations.

Each session ended with significant time being allocated for open-ended discussion. This was carried through the poster and evening reception (at
the end of Day 1), and the workshop summary (following the last session on Day 2). Numerous participants suggested renewing this workshop two or
three years down the road.

For more information, including links to the program and abstracts, visit the meeting website at https://www.hou.usra.edu/meetings/latemars2018/.

— Submitted by Richard Soare, Dawson College
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Opportunities for Students

LPI Summer Intern Program in Planetary Science

The LPI Summer Intern Program in Planetary Science provides undergraduate students with an opportunity to perform cutting-edge, peer-reviewed
research, learn from widely respected planetary scientists, and discover exciting careers in planetary science. During the 10-week internship, students
have the opportunity to participate in enrichment activities, including NASA Johnson Space Center scientific visits, lectures, and career development
workshops. Many of today’s planetary science leaders got their start as LPI summer interns. Every career starts somewhere, and we encourage you to
join us as you embark on your journey.

The Lunar and Planetary Institute invites undergraduates with at least 50 semester hours of credit to experience cutting-edge research in the lunar
and planetary sciences. Students with majors in a physical or natural science, engineering, computer science, or mathematics have an advantage, but
any eligible student may apply.

The 10-week program runs from June 3, 2019, to August 8, 2019. As a summer intern, you will work one-on-one with a scientist at the LPI or at the
NASA Johnson Space Center on a research project of current interest in lunar and planetary science. Interns are selected by the project advisors who
look for academic excellence and scientific interest and backgrounds compatible with their specific project needs.

Benefits of an internship:

• Gain valuable research experience
• Develop new skills and refine others
• Meet and work with professionals, establishing contacts for letters of reference and networking
• Experience a new work environment

The LPI is located near the NASA Johnson Space Center, on the south side of Houston, Texas. On NASA’s behalf, the LPI provides leadership in the
scientific community for research in lunar, planetary, and solar system sciences, and linkage with related terrestrial programs.The deadline for
applying for the 2019 program is January 7, 2019. For more information, including eligibility and selection criteria, areas of research, and an online
application form, visit https://www.lpi.usra.edu/lpiintern/.

LPSC Student Opportunities

LPI Career Development Award
The Lunar and Planetary Institute (LPI) Career Development Award, which is open to both U.S. and non-U.S. applicants, will be given to selected
graduate students who have submitted a first-author abstract for presentation at the 50th Lunar and Planetary Science Conference.
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The application deadline will be Friday, January 11, 2019.

Stephen E. Dwornik Student Awards
The deadline for Dwornik Award applications will be Wednesday, January 9, 2019.

The Dwornik Award was started in 1991 with a generous endowment by Dr. Stephen E. Dwornik, who wished to encourage U.S. students to become
involved with NASA and planetary science. The Award consists of a plaque and a monetary award given for outstanding student presentations (in
both poster and oral categories) or a plaque for honorable mentions (poster and oral) at the annual Lunar and Planetary Science Conference (LPSC).
The awards are managed and judged by the Planetary Geology Division of the Geological Society of America.

The awards are open to students at any degree level in a field related to planetary geosciences who are either (1) U.S. citizens or non-citizens currently
enrolled in a U.S. educational institution, or (2) are U.S. citizens currently enrolled in an international educational institution. Recent graduates, pre-
college students, and postdoctoral fellows are not eligible. Students who have previously won a “best presentation” award as a graduate student are
not eligible to compete again in either category. Students who have won a “best presentation” award as an undergraduate are not eligible to compete
again in either category as an undergraduate but are eligible to compete in either category as a graduate student. Students who have won honorable
mention award(s) as either a graduate or undergraduate student in either category are eligible to compete again.

For more details about either of these awards, visit https://www.hou.usra.edu/meetings/lpsc2019/student-awards/.

NASA’s Summer Undergraduate Program for Planetary Research

The Summer Undergraduate Program for Planetary Research (SUPPR) (formerly PGGRP) is an eight-week summer internship providing
undergraduates majoring in geology and related sciences with an opportunity to participate in NASA planetary geosciences research.

Students work under the direction of a NASA-sponsored planetary science investigator at various science institutions. The program is designed to help
students gain educational experience in their fields of study while contributing to NASA missions and science.

College undergraduates who have not yet begun graduate studies and who are interested in learning about research in planetary geoscience are
eligible. Previous participants of SUPPR (formerly PGGURP) are not eligible. Preference is given to U.S. citizens and permanent residents.

All online application information must be received at the LPI no later than February 4, 2019. Notification of selection will be made by March 8, 2019.
Successful applicants should be prepared to make a decision regarding the offer to participate within two days of notification.

For more information, visit https://www.lpi.usra.edu/suppr/.

California Institute of Technology Summer Undergraduate Research Fellowships

The Summer Undergraduate Research Fellowships (SURF) program is one of the “crown jewels” of Caltech. Since 1979, SURF students have had the
opportunity to conduct research under the guidance of experienced mentors working at the frontier of their fields. Students experience the process
of research as a creative intellectual activity from beginning (defining and developing a project) to end (presenting their results at SURF Seminar Day).
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SURF is modeled on the grant-seeking process:

Students collaborate with a potential mentor to define and develop a project
Applicants write research proposals as part of the application process
Faculty review the proposals and recommend awards
Students carry out the work over a 10-week period during the summer
At the conclusion of the program, students submit a technical paper and give an oral presentation at one of
several SURF Seminar Days, symposia modeled on a professional technical meeting.

The deadline for all application materials is February 22, 2019. For more information, visit https://www.sfp.caltech.edu/programs/surf.

NASA Internships and Fellowships

NASA Internships are competitive awards to support educational opportunities that provide unique NASA-related research and operational
experiences for high school, undergraduate, and graduate students, as well as educators. These opportunities serve students by integrating interns
with career professionals emphasizing mentor-directed, degree-related tasks, while contributing to the operation of a NASA facility or the
advancement of NASA’s missions.

The application deadlines for the 2019 program are:
Spring Session: November 5, 2018
Summer Session: April 1, 2019
Fall Session: July 1, 2019

NASA Fellowships are competitive awards to support independently conceived or designed research, or senior design projects by highly qualified
faculty, undergraduate, and graduate students, in disciplines needed to help advance NASA’s missions, thus affording them the opportunity to directly
contribute to advancements in STEM-related areas of study. Our Fellowship opportunities are focused on innovation, and generate measurable
research results that contribute to NASA’s current and future science and technology goals.

For more information, visit https://intern.nasa.gov/.

NASA Postdoctoral Program

The NASA Postdoctoral Program (NPP) provides early-career and more senior scientists the opportunity to share in NASA’s mission, to reach for new
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heights and reveal the unknown so that what we do and learn will benefit all humankind.

NASA Postdoctoral Fellows work on 1- to 3-year assignments with NASA scientists and engineers at NASA centers and institutes to advance NASA’s
missions in Earth science, heliophysics, planetary science, astrophysics, space bioscience, aeronautics, engineering,human exploration and space
operations, astrobiology, and science management.

NASA Postdoctoral Program Fellows contribute to our national scientific exploration, confirm NASA’s leadership in fundamental research, and
complement the efforts of NASA’s partners in the national science community.

Application cycle deadlines for the NASA Postdoctoral Program are March 1, July 1, and November 1, annually. Currently, the Astrobiology Program
accepts applications only during the March and November rounds, and does not consider applications submitted during the July round. Note: You
may submit only one application for one research opportunity per application cycle.

For more information, visit https://npp.usra.edu/.

SAO Summer Intern Program
The Smithsonian Astrophysical Observatory (SAO) Summer Intern Program is an NSF Research Experience for Undergraduates (REU) internship where
students take on an astrophysics research project with an SAO or Harvard scientist. In 2019, the program will run for 10 weeks, from June 2 to
August 10. Students are expected to work at the Harvard-Smithsonian Center for Astrophysics for the full duration of the program. We house our
interns in Harvard’s graduate student dormitory facilities.

The program is funded by the National Science Foundation and the Smithsonian Institution.

Potential areas of research include (with a few example study subjects that reflect ongoing research at the Harvard Center for Astrophysics):

• Galaxies: How do they form, what powers them, how will they evolve over cosmic time?
• Our solar system: What are near-Earth asteroids? What kinds of objects populate the Oort cloud and Kuiper belt?
• Stars and planets: Are stellar models accurate? Where are new planets to be found?
• Lab astrophysics: What chemistry takes place in space? Do ices matter? How did the Earth get its water?
• Extreme astrophysics: What connects supermassive black holes to their host galaxies? What can we learn from X-ray emitting binary stars?

Undergraduate students interested in astronomy, astrophysics, physics, or related physical sciences are encouraged to apply. We can offer a wide
range of projects to our interns. For more information, visit https://www.cfa.harvard.edu/opportunities/reu/.

Internships at APL

Each summer, more than 400 college students from across the country are invited to intern at APL. As a college intern, you’ll spend the summer
contributing to engineering and research projects that help protect our nation and expand the frontiers of science.

APL College Summer Intern Program

APL offers science and engineering internships each summer. The Laboratory’s internship program provides practical work experience and an
introduction to APL. Students spend the summer working with APL scientists and engineers, conducting research, developing leadership skills, and
growing professionally.

The ATLAS Program

The APL Technology Leadership Scholars (ATLAS) program provides a unique educational opportunity for a select group of students from Historically
Black Colleges and Universities, Hispanic-Serving Institutions, and Tribal Colleges and Universities.

The Discovery Program

The Discovery Program is an exciting opportunity for select recent college graduates. It consists of three to four assignments spanning multiple
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technical organizations across APL. The rotational assignments are six months in length each and are designed to provide participants with
challenging work that will stimulate professional growth.

For more information about these and other programs, visit http://www.jhuapl.edu/Careers/Internships.

Issue #154 31 of 53 October 2018

Copyright 2018 Lunar and Planetary Institute



Spotlight on Education

Upcoming Public Event Opportunities
Upcoming opportunities exist for educator and public engagement around the broader topics of NASA planetary exploration. Contact local
astronomical societies, planetariums and museums, local scientists, and NASA’s Solar System Ambassadors (solarsystem.nasa.gov/ssa/directory.cfm),
and ask them to join your events and share their experiences or resources with your audience.

NASA: 60 Years and Counting

From 2018 through 2022, NASA is marking a series of important milestones including the 60th anniversary of the agency’s founding. Learn more at
https://www.nasa.gov/60.

Mars InSight Landing, November 26,  2018

InSight is scheduled to land on Mars on November 26. The InSight mission seeks to uncover how a rocky body forms and evolves
to become a planet by investigating the interior structure and composition of Mars. The mission will also determine the rate of
Martian tectonic activity and meteorite impacts. For more info, please visit https://mars.nasa.gov/insight.

50th Anniversary, Apollo 8, December 24, 2018

This December marks the 50th anniversary of the Apollo 8 mission, the first manned mission to orbit the Moon. The crew entered lunar orbit on
Christmas Eve, December 24, 1968. The LPI has compiled a sample of its Apollo and future exploration resources, as well as public engagement
resources at https://www.lpi.usra.edu/apollo50/.

Resources for Planetary Scientists Involved in Public Engagement
The LPI’s education and public engagement team is pleased to assist planetary scientists in their communication and public engagement activities. LPI
conducts scientist workshops to provide insight on meeting audience needs, and has placed a variety of recommendations online.  For more
information, visit https://www.lpi.usra.edu/education/scientist-engagement.

Free Public Outreach Workshop for Early-Career Astronomers
The American Astronomical Society (AAS) is sponsoring a free skill-building workshop to support early-career astronomers in doing effective outreach
to schools, families, and the public. The AAS Astronomy Ambassadors program (now in its seventh year) is offering two days of hands-on training,
extensive resources, and pre-tested activities — plus a like-minded group of peers. This workshop is offered in conjunction with the 233  meeting of
the AAS in Seattle in January 2019. For more info and to apply to attend, visit https://aas.org/meetings/aas233/aas-astronomy-ambassadors-
workshop.

rd
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In Memoriam

John Longhi, 1946–2018

The Lamont-Doherty Earth Observatory announced that petrologist
and long-time Lamont staff member John Longhi passed away in
August after battling Parkinson’s disease for three decades. One of
the graduates of the powerhouse petrology lab of Jim Hays at
Harvard in the 1970s —a lab that also produced Dave Walker, Ed
Stolper, and Tim Grove, among others — Longhi contributed
substantially to our understanding of lunar basalts, their origin, and
the causes of their chemical differences.

Longhi was born in White Plains, New York; was raised in
Larchmont, New York; and lived most of his adult life in Hamden,
Connecticut. Following his graduation from Notre Dame with a B.S.
in Geology (Summa Cum Laude), Longhi joined the Peace Corps
and served in Kenya for more than two years. While in Kenya,
Longhi designed and supervised construction of rural water
supplies. Upon returning to the U.S., Longhi moved to Cambridge,
Massachusetts, then held post-doctoral fellowships at the
Massachusetts Institute of Technology and the University of Oregon
before joining the faculty at Yale University. In 1988 joined the staff
at the Lamont-Doherty Earth Observatory of Columbia University,

where he worked on increasing our understanding of the origin of the chemical variation in lavas on Earth, the Moon, and meteorite parent bodies.

Longhi’s work involved laboratory measurement and modeling of basaltic phase equilibria. He applied this work to a variety of topics, such as angrite
petrogenesis, the origin of Proterozoic (massif) anorthosites, partition coefficients and mid-ocean-ridge basalt petrogenesis, systematics of mantle
melting, and the origin of lunar anorthosites. He was a fellow of the Mineralogical Society of America and a member of the American Geophysical
Union and Sigma Xi: The Scientific Research Honor Society. He was awarded the National Science Foundation Fellowship, the Harvard University
Graduate National Fellowship, the Yale University Junior Faculty Fellowship, and honorable mention for the Woodrow Wilson Fellowship.

Longhi’s career and life were shortened by advancing Parkinson’s disease, but he will always be remembered for his calm disposition and timely
sense of humor.

— Portions of text courtesy of the Lamont-Doherty Earth Observatory

Erik Hauri, 1966–2018

Geochemist Erik Hauri, whose work upended our
understanding of the Moon’s formation and the
importance of water in Earth’s interior, died
September 5, 2018, in North Potomac, Maryland,
following a battle with cancer. He was 52 years old.

Hauri joined the Carnegie Institution for Science as a
staff scientist in 1994 and spent nearly 25 years
investigating the geochemistry of the Earth, Moon,
and other celestial objects. Hauri had a particular
interest in water, which he called the most-
important molecule in our solar system, saying that
understanding where it came from and how it got
distributed among the planets and various other
bodies would unlock the secrets of how our solar
system evolved.

Scientists had long thought that the Moon was
“bone dry” — depleted of water by the violent
events of its formation. In 2008, Hauri and his

colleagues revealed that tiny beads of lunar volcanic glass collected during the Apollo missions contained water. Three years later, he led the team
that discovered water in the Moon’s interior — and not just a little bit of water. In fact, they found that the lunar mantle is as wet as our own and went
on to demonstrate in 2013 that the Moon’s abundant water supply originated from the Earth.

These findings called into question longstanding theories of the Moon’s formation and researchers, including Hauri’s colleagues at Carnegie’s
Department of Terrestrial Magnetism, are still working to reconcile a wet Moon with the prevailing lunar origin story.

Issue #154 33 of 53 October 2018

Copyright 2018 Lunar and Planetary Institute



“Erik’s dedication to advancing the capabilities of modern instrumentation allowed him to disprove a 40-year-old assumption that the Moon
contained no water,” said Richard Carlson, Director of the Department of Terrestrial Magnetism. “His work on the water contents of a variety of
samples from the Earth, Moon, and meteorites greatly advanced our understanding of the important role that water plays not only in biological life,
but in the dynamics of planetary interiors. His insight into these questions will be sorely missed.”

Although Hauri was the first member of his family to attend college, he graduated with honors from the University of Miami and went on to complete
a Ph.D. in geochemistry from the Massachusetts Institute of Technology (MIT) and the Woods Hole Oceanographic Institution in just four years.

In nominating Hauri for an early career achievement recognition from the American Geophysical Union, one of his thesis advisors, Stanley Hart, said
that during the graduate school interview process, he confided in Hauri that he would be leaving MIT in two years. According to Hart, Hauri
responded, “Oh, that’s OK. I think I can learn all you have to teach in two years!”

In 2000, Hauri won that award — the James B. Macelwane Medal — in addition to the Houtermans Award from the European Association of
Geochemistry in 1999. He later was named a fellow of both organizations, as well as of the Geochemical Society.

Hauri was known in the scientific community for his instrumentation expertise. This reputation for precision extended into his hobbies, which
included designing and building custom guitars.

Although cut unfairly short, Hauri made the most of his life and leaves behind a loving family and a record of major contributions to the
understanding of the natural world around us. He was a distinguished gentleman of science that his many friends and colleagues around the world
will sorely miss.

— Text courtesy of the Carnegie Institution for Science

Paul D. Spudis, 1952–2018

We at the Lunar and Planetary Institute (LPI) are very sad to note that
our friend and colleague, Paul Spudis, has passed away. Spudis was an
expert in lunar and terrestrial planetary geology, and throughout his
career made fundamental contributions to understanding the geology
and mechanics of impact basins and craters, the origin and evolution of
the lunar crust, volcanic processes on the Earth and planets, and the
genesis of lunar polymict breccias. He was also a key proponent of the
return of humans to the lunar surface, in recent years working on design
mission architectures to serve science and resource utilization
objectives.

Although he had originally planned to become an electrical engineer,
after watching the Apollo 15 astronauts exploring the lunar surface,
Spudis became convinced that geology was essential to understanding

the Moon and changed his major accordingly. He received his Ph.D. in Geology from Arizona State University in 1982, under the supervision of Ron
Greeley.

After graduation, Spudis took a position as a geologist at the U.S. Geological Survey in Flagstaff, Arizona, where he served as the Principal Investigator
for NASA’s Planetary Geology Program. In 1990 Spudis came to the LPI as a staff scientist, serving in 1994 as Deputy Science Team leader of the
BMDO/NASA Clementine mission to the Moon, and as Deputy Director of the LPI from 1999 to 2002. From 2002 to 2008 Spudis was a principal
professional staff member at the Johns Hopkins University Applied Physics Laboratory, during which time he led the Mini-SAR radar that flew on
India’s Chandrayaan-1 lunar orbiter and was a team member of the Mini-RF instrument on NASA’s Lunar Reconnaissance Orbiter. He returned to the
LPI as a senior staff scientist in 2008, where he continued his mission work and became more involved in activities focused on living and working on
the Moon.

Spudis served on many panels and committees including, at President G. W. Bush’s request, the Presidential Commission on the Implementation of
U.S. Space Exploration Policy (2004). He received numerous honors and awards, including the Columbia medal from the American Society of Civil
Engineers’ Aerospace division (2016), the National Space Society’s Space Pioneer award (2011), the Theodore von Karman medal and lectureship from
the American Institute of Aeronautics and Astronautics (2006), the NASA Distinguished Public Service medal (2004), and the Aviation Week and Space
Technology Laurels award (1994). Spudis was scheduled to give the Michel T. Halbouty Lecture, entitled “The Resources of the Moon,” at this
November’s Geological Society of America conference. Asteroid 7560 Spudis was named in his honor in 1999. Spudis wrote over 125 refereed papers;
4 single-author books, including The Once and Future Moon (1994) and The Value of the Moon (2016); 3 co-authored books, including the Clementine Atlas
of the Moon, the first atlas to cover the entire Moon; two geological maps Mercury and Io; and numerous popular press articles and blog posts,
including an ongoing series for the Smithsonian Air and Space website.

Spudis was an integral member of the LPI science staff, contributing his expertise in many areas. He oversaw the LPI summer internship program for
almost a decade, was Director of LPI’s Regional Planetary Image Facility, gave his time and energy to LPI’s Planetary Newsletter, Cosmic Explorations
lectures, and SkyFest events, and gave numerous public talks. He mentored many students over the years, and was always generous with his advice
and expertise. He will be greatly missed.
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— Text courtesy of the Lunar and Planetary Institute

William (Bill) R. Ward, 1944–2018

William (Bill) R. Ward passed away on September 20, 2018, at his home in Prescott, Arizona, after a battle with
brain cancer. Ward was a preeminent theoretician that made many seminal contributions to our understanding
of planetary dynamics and solar system formation. With his thesis advisor, Peter Goldreich, Ward proposed that
planetesimals were formed via local gravitational instability in the protostellar disk. In 1973, Ward was the first to
recognize that the obliquity of Mars undergoes large oscillations, and with Alastair Cameron in 1976, he was one
of the original proposers of the giant impact theory for the origin of the Moon. Ward was a pioneer in the study
of gravitational interactions between planets and their precursor gas disk, and how these may cause large-scale
changes in planetary orbits. His many papers on this topic elucidated the nature of Type I vs. Type II migration,
central to our understanding of planet formation in our solar system and in exoplanetary systems. Ward also
contributed greatly to our understanding of satellite formation and dynamical evolution.

Ward earned bachelor’s degrees in Mathematics and in Physics (with highest distinction) at the University of
Missouri, Kansas City, in 1968. He completed his Ph.D. in Planetary Sciences at the California Institute of
Technology (Caltech) in 1972, then worked as a post-doc at the Harvard Center for Astrophysics before moving

to the Jet Propulsion Laboratory. He joined the Southwest Research Institute (SwRI) in Boulder, Colorado, 1998, and retired from SwRI as an Institute
Scientist in 2014.

Ward was the recipient of numerous honors and awards during his career, including being named a Fellow of the American Academy of Arts and
Sciences (2012), a Fellow of the American Geophysical Union (2005), a Fellow of the American Association for the Advancement of Science (2006), and
an Alumnus of Distinction from the University of Missouri, Kansas City (2006). He also received the Kuiper Prize from the Division of Planetary
Sciences of the American Astronomical Society (2011), the Brouwer Award from the Division of Dynamical Astronomy of the American Astronomical
Society (2004), and had the honor of having an asteroid named after him, (7812) Billward = 1984 UT (1999).

— Portions of text courtesy of Robin Canup, Southwest Research Institute

Verne R. Oberbeck, 1936–2018

Verne R. Oberbeck died on July 25, 2018, after a year of rapidly declining health, including complications of
Parkinson’s disease.

Oberbeck was born in Wisconsin Rapids, Wisconsin. The third of four boys, Oberbeck and his brothers, lived
lives similar to that of Mark Twain’s character Tom Sawyer — freelancing the fun of youth with few toys, but
much energy and creativity, which suggests that his strong, creative pursuits in his later life as a research
scientist had its origins in his childhood. His love of the outdoors stems from the numerous camping, fishing,
and hunting outings that were integral in the lives of his parents and brothers.

Oberbeck served in the Navy as a hospital corpsman with the Marines. After service, he attended the
University of Wisconsin, graduating with honors with a degree in Geology from the College of Letters and
Science. After graduating from the University of Wisconsin, Oberbeck worked with high-pressure polymorphs
at Allis Chalmers in Milwaukee. Because of this work experience, Oberbeck was hired by the NASA Ames
Research Center in Mountain View, California, to design and build a “gun” facility that could be used to study

impact cratering on the Moon. There is no atmosphere on the Moon, so the “gun,” which was 20 feet long and could be rotated 90°, needed a vacuum
pump for air removal from the “gun” chamber. A variety of target types representing possible lunar surface materials was used. After performing
much experimental work using the gun facility and studying photos of the lunar surface, Oberbeck’s knowledge about craters, including their shapes,
sizes, structures, numbers, and material strength, led to his expertise about the Moon’s surface, which contributed to his contribution in determining
the lunar landing sites for the early Apollo missions.

Oberbeck made seminal and pioneering experimental, observational, and computational contributions to our understanding of the cratering process.
His efforts were remarkably diverse and included general scaling issues, the equivalence of impact and explosive cratering, the ballistic trajectories
and deposition of crater ejecta, the evolution and thickness of the lunar regolith and megaregolith, the morphology of martian craters, and the timing
and physical conditions produced by collisional processes for life to evolve on the early Earth. He single-handedly revolutionized the prevailing
thinking of the early 1970s that large-scale “ejecta blankets” are entirely made up of materials dislodged from the crater cavity, and he instead
introduced the concept of ballistic sedimentation, secondary cratering, and the admixture, if not dominance, of local substrate materials in large-scale
crater deposits. This profoundly changed the then-current interpretations of major planetary surface features, including the geologic context of the
Apollo samples, especially those from Apollo 14.

During his 32-year career at NASA, Oberbeck wrote more than 100 scientific publications covering lunar and planetary cratering. Among other
awards, he received the H. Julian Allen Award for his outstanding scientific paper in 1970. Later in his career, his interests turned to life sciences,
where he studied stratospheric aerosols and the effect on Earth’s climate after volcanic eruptions. His work was published in Time and Newsweek
magazines, National Geographic, Journal of Geophysical Research, The Moon, Icarus, Geotimes, and many other journals and books.
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Oberbeck enjoyed nothing more than a good debate about his occasionally controversial ideas, and he was the proverbial out-of-the-box thinker. He
will be missed greatly, both as a colleague and as a friend.

—Portions of text courtesy of Legacy.com and Fred Hörz

John Edward Westfall, 1938–2018

John Edward Westfall, former Professor of Geography and Environmental Sciences at San
Francisco State University and Director of the Association of Lunar and Planetary Observers,
passed away on July 26, 2018. He was 79 years old.

Westfall received his B.A. and M.A. degrees from the University of California, Berkeley, and his
Ph.D. from The George Washington University. He served as Professor of Geography and
Environmental Sciences at San Francisco State University from 1968 to 2005, and was Director of
the Association of Lunar and Planetary Observers from 1985 to 1995.

Westfall was a very modest man, reluctant to talk about his significant achievements, yet always
ready to research and instruct in geography and astronomy. The Eastbay Astronomical Society
(EAS) asked him to write about the development and maturing of his interest in astronomy for the
August 16, 2016, edition of the EAS newsletter, The Refractor. The following italicized paragraphs
are excerpts from that article.

“Oddly, I can remember what started my fascination with astronomy: it was the photograph of Saturn in
the 1931 edition of the Lincoln Library of Essential Information. I ran across the eye-catching photo in
1945, when I was seven. It prompted me to find out the address of Chabot Observatory, in my then
home city of Oakland, allowing me to write a letter (unstamped) to its Director, Earle Garfield Linsley
(1882–1969, Director 1923–1947). The kind Professor Linsley introduced me to both the Chabot

Observatory and the Eastbay Astronomical Association (as it was then named), which I joined as its ever-youngest (if not ever-young) member in February
1946. Thus, 1945 and 1946 were an exciting couple of years. They even included the greatest meteor shower (actually meteor storm) I’ve ever seen, the
Draconids of October 9, 1946. Somehow, probably through Professor Linsley, my father took us to our backyard where we watched an ongoing natural
fireworks display (estimates gave up to 10,000 meteors per hour); the only problem is that all subsequent meteor showers have seemed tame to me!

Frequent attendance at the EAAs (after 1949 the EAS) monthly meetings at Chabot Observatory formed my image of what an observatory should look like: two
refracting telescopes (one at each end of the building, just like Lick and Yerkes), exhibits, and an excellent library that I haunted, with a collection stretching
back to the 19th century.

I owe my parents for their indulgence in my new interest, including a Sky and Telescope subscription starting in 1952 and memberships in the Royal
Astronomical Society of Canada and the British Astronomical Association, also during the 1950s. Even then I wanted to observe as well as attend talks and
meet people. Alfred G. (Al) Leach of the EAS patiently instructed me on the use of Chabot’s two telescopes, the 8-inch Alvan Clark refractor, Leah, and the 20-
inch Brashear/Warner & Swasey refractor, Rachel (both still in operation). This was just in time for two favorable Mars oppositions, in June 1954 and
September 1956. In addition to observing Mars, I was able to use Rachel to observe the Moon during several sessions. Inevitably, by then I had my own
telescope. In about 1952 my parents indulged me with a Skyscope 3-1/2-inch reflector, which let me observe my favorite objects, the Moon and planets, on
every clear evening from our home in Oakland. Indeed, two years later they surprised me with a better instrument, a 4-inch Tinsley Saturn refractor that I still
possess and which was my primary observing instrument from 1954 to 1968 (when I obtained a Cave 10-inch Cassegrain reflector).

By the early 1950s it was clear that my astronomical focus was the Moon and planets. (The term planetary science hadn’t yet been coined.) Thus, it was
providential in 1953 that I learned of the Association of Lunar and Planetary Observers (A.L.P.O., founded in 1947). As my letter to Earle Linsley had been
fateful in 1945, so was my letter to Walter Henry Haas (1917–2015) in 1953. Both men served as my mentor and sponsor in their respective organizations. My
astronomer interests became focused on the A.L.P.O., first in submitting observations, then in serving on its staff (Lunar Recorder, Associate Director, Editor,
and Director).

As is the case with many aspiring astronomy enthusiasts, participation in a local astronomy club is an important first step. For one thing, you learn that you
are not alone in your interests. In my case, probably not unique, it is also important to have the support of one’s family and also to have a more experienced
hand serve as your mentor; in my case particularly Earle Linsley and Walter Haas. To all of them I am indebted.”

Westfall’s interests were terrestrial as well. He was always trying to get a better view of the universe around, whether through a telescope, in the seat
of a small plane flitting above the jagged rocks and crevasses of an Alaskan glacier field, or cruising in a small boat off the frigid Antarctic coast, all in
pursuit of a better view. As he looked over the terrain, he also wanted know the stories that it contained: how shallow circular valleys gave lie to a
cosmic impact from long ago; how hydro-blasted hillsides revealed both the geologic strata and the uncontained greed of California gold miners; or
how the stoic marble grandeur of Roman sites spoke of the inexorable weight of history. His library still brims with the myriad stories of empires long
gone, great and desperate voyages, and the people who inhabited these sagas.

In his library you will also find some truly fantastic, amazing, even astounding tales. He had a lifelong love of science fiction as well-evidenced by his
extensive collection, including an entire bookshelf with books authored and inspired by H. P. Lovecraft. Westfall’s great love of these genres would
suggest that perhaps somewhere in these shelves is a dusty manuscript, entitled “A New World to Explore, by John Westfall.” So, go explore; who
knows what you will find? —Portions of text courtesy of Legacy.com
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On Sept. 17, 2018, NASA named
Holly Ridings its new chief flight
director, making her the first
woman to lead the elite group
that directs human spaceflight
missions from the Mission
Control Center at NASA’s
Johnson Space Center in
Houston. Credits: NASA

Portrait, Jim Morhard, Deputy
Administrator, National
Aeronautics and Space
Administration (NASA),
Wednesday, Oct. 24, 2018 at
NASA Headquarters in
Washington. Photo Credit:
(NASA/Bill Ingalls)

Milestones

NASA Names Holly Ridings New Chief Flight Director
NASA has named Holly Ridings its new chief flight director, making her the first woman to lead the elite group
that directs human spaceflight missions from the Mission Control Center at NASA’s Johnson Space Center in
Houston.

Director of Flight Operations, Brian Kelly, selected Ridings to replace Norm Knight, who has held the position
since 2012. Knight now is the deputy director of Flight Operations.

“Holly has proven herself a leader among a group of highly talented flight directors,” Kelly said. “I know she will
excel in this unique and critical leadership position providing direction for the safety and success of human
spaceflight missions. She will lead the team during exciting times as they adapt to support future missions with
commercial partners and beyond low-Earth orbit.”

In her new role, Ridings will manage the group of 32 active flight directors and flight directors-in-training who
oversee a variety of human spaceflight missions involving the International Space Station, including integrating
American-made commercial crew spacecraft into the fleet of vehicles servicing the orbiting laboratory, as well as
Orion spacecraft missions to the Moon and beyond.

Ridings, a native of Amarillo, Texas, earned a Bachelor of Science degree in mechanical engineering from Texas
A&M University in 1996. She joined NASA in 1998 as a flight controller in the thermal operations group.

She was selected as a flight director in 2005. Since then, she has served as the lead flight director for several
missions including International Space Station mission Expedition 16 in 2007-2008, Space Shuttle Program
mission STS-127 in 2009, and the first SpaceX Dragon cargo spacecraft mission to the space station in 2012.

Deputy Administrator James W. Morhard Confirmed
James Morhard was nominated by President Trump and confirmed to be NASA’s 14th Deputy Administrator. He
was sworn in on October 17, 2018.

Jim helps provide overall leadership, planning, and policy direction. He performs duties and exercises powers
delegated by the Administrator, assists him in making final agency decisions, and acts in his absence to govern
NASA operations. Jim also is responsible for articulating and representing the agency’s vision.

Prior to his tenure with NASA, Morhard was the U.S. Senate Deputy Sergeant at Arms. He began his career as an
analyst for the Secretary of the Navy, where he reviewed procurement and research and development programs.
Beginning in 1991, Jim served on the Senate Appropriations Committee, working on the Defense and Military
Construction, and Commerce, Justice, State Subcommittees.

In 2003, he became Chief of Staff of the whole Senate Appropriations Committee, where he worked with House
and Senate Leadership, the Office of Management and Budget, and the White House to pass the 2004 and 2005
Omnibus Appropriations bills.

Jim earned his B.S. degree in accounting from St. Francis University, an M.B.A from George Washington
University, and a Juris Doctor from Georgetown University.

Jody Singer Named Director of NASA’s Marshall Space Flight Center
NASA Administrator Jim Bridenstine has named Jody Singer director of the agency’s Marshall Space Flight Center in Huntsville, Alabama. Singer has
been the center’s deputy director since February 2016, and has been serving as acting director since the retirement of Todd May as center director in
July. She is the first woman appointed to the position.
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As Marshall’s director, Singer will lead one of NASA’s largest field installations, with almost 6,000 civil service and
contractor employees and an annual budget of approximately $2.8 billion.

“Jody’s deep management experience over three decades at the project, program and center levels will be a huge
asset to Marshall’s critical work supporting NASA’s goals of returning to the Moon to stay,” said Bridenstine. “Her
proven leadership abilities and close connections to Marshall’s work and the human spaceflight community made
her the right choice to lead Marshall at this pivotal time.”

Singer began her NASA career in 1985 as an engineer in NASA’s professional intern program. Among many other
leadership roles, she was also the manager of the Flight Programs and Partnerships Office at Marshall from 2013
to 2016, where she held primary responsibility for the center’s work with human advanced exploration projects,
science missions, technology demonstrations, commercial crew, and many aspects of International Space Station
operations.

“For me, it’s always been about the people. It’s an honor to lead Marshall Space Flight Center as we push the boundaries of human space exploration
and shape America’s return to the Moon,” said Singer. “Marshall has unique capabilities and expertise that are critical to missions that will take
humans deeper into the solar system than ever before.”

Singer’s experience in human spaceflight includes 25 years working in the Space Shuttle Program, where she was responsible for the development,
testing, flight readiness, safety and performance of the shuttle’s propulsion elements. Her experience also includes Return to Flight activities following
the space shuttle Columbia accident. She served as the first female project manager for the Reusable Solid Rocket Booster Project Office and as
deputy manager in the Space Shuttle Propulsion Office as it successfully completed its mission and retirement.

From 2010 through 2012, she held deputy positions for three concurrent programs – the Space Shuttle Program, Ares, and the start-up of the Space
Launch System (SLS).

Singer has been recognized with numerous awards during her NASA career, including the NASA Outstanding Leadership Medal, the NASA Exceptional
Service Medal, and two Presidential Rank of Meritorious Executive Awards, the highest honor for career federal employees.

For more information about Singer, visit: https://www.nasa.gov/centers/marshall/jody-singer-bio.html

2018 MacArthur Genius Award to one of Lunar and Planetary Science’s own — Sarah T.
Stewart
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UC Davis Professor of Earth and Plantary Sciences Sarah T. Stewart won a MacArthur Fellowship for her work on how random collisions in the early stages of
solar system formation give birth to planets and their natural satellites, like the Earth and Moon.

Sarah Stewart is a planetary scientist shedding light on planet formation and evolution. Through a combination of shock physics experiments on
natural materials (such as ice and rock), theoretical models, and computational simulations, Stewart investigates the effects of high-energy impacts
onto planets and planet-like bodies. For example, using ice impact experiments, she demonstrated that the presence of subsurface ice significantly
and predictably affects the shape of an impact crater, such that the shapes of craters on planets such as Mars can reveal much about their subsurface
composition.

Most notably, Stewart has advanced a novel explanation for how the Moon was formed. It had been widely accepted that the moon was formed from
the debris of an object that collided with the proto-Earth. Recent geochemical studies, however, show that the chemical composition of the Moon is
very similar to that of the Earth — that is, the Moon is made up primarily of terrestrial materials rather than materials from the impacting celestial
body. Stewart and her colleagues have discovered an entirely new astrophysical object, called a synestia, in seeking to resolve this discrepancy. A
synestia is a donut-shaped cloud of vaporized and molten rock produced when two objects collide in a high-energy, high-angular momentum impact.
The Earth and Moon both formed from one large synestia, produced by such a collision, cooled and condensed. The synestia theory could explain
both the similarity in the elemental and chemical compositions of the Earth and Moon as well as heretofore unexplained features in the Moon’s orbit.

The synestia structure could be a common outcome of collisions during planetary growth and thus hold broader implications for understanding the
evolution of other planets. With the ever-growing number of exoplanet discoveries and missions to other planets, Stewart will play a critical role in
providing a firmer and more comprehensive basis for understanding planet formation and the resulting physical, geological, and geochemical
features of planets.

And the Emmy Goes To: Cassini’s Grand Finale
NASA’s Jet Propulsion Laboratory (JPL) won an Emmy Award for Outstanding Original Interactive Program for its coverage of the Cassini mission’s
Grand Finale at Saturn. The award was presented Saturday, Sept. 8, at the Creative Arts Emmy Awards in Los Angeles by the Academy of Television
Arts & Sciences.

Accepting the award were members of the JPL Media Relations and Public Engagement offices and leaders of the Cassini Mission.

In 2017, after nearly 20 years in space and 13 years revealing the wonders of Saturn, NASA’s Cassini
orbiter was running out of fuel. As a final act, Cassini began a whole new mission-its Grand Finale. This
journey into the unknown would end with a spectacular plunge into the planet. JPL created a multi-month
digital campaign to celebrate the mission’s science and engineering accomplishments and communicate
why the spacecraft needed to meet its end in the skies of Saturn.

Cassini’s first, daring dive into the unexplored space between the giant planet and its rings kicked off the
campaign on April 26, 2017. It culminated on Sept. 15, 2017, with live coverage of Cassini’s plunge into
Saturn’s atmosphere, with the spacecraft sending back science to the very last second.

The multifaceted interactive campaign included regular updates on Twitter, Facebook, Snapchat, Instagram and the Cassini mission website; multiple
live social, web and TV broadcasts during which reporter and public questions were answered; a dramatic short film to communicate the mission’s
story and preview its endgame; multiple 360-degree videos, including NASA’s first 360-degree live stream of a mission event from inside JPL mission
control; an interactive press kit; a steady drumbeat of articles to keep fans updated with news and features about the people behind the mission;
state-standards aligned educational materials; a celebration of art by amateur space enthusiasts; and software to provide real-time tracking of the
spacecraft, down to its final transmission to Earth.

The Cassini-Huygens mission is a cooperative project of NASA, ESA (European Space Agency) and the Italian Space Agency. JPL manages the mission
for NASA’s Science Mission Directorate, Washington. JPL designed, developed, and assembled the Cassini orbiter.

NASA Names Six New Flight Directors to Lead Mission Control
NASA has selected six women and men to join the elite corps of flight directors who will lead mission
control for a variety of new operations at the agency’s Johnson Space Center in Houston.

The new flight directors will begin extensive training on flight control and vehicle systems, as well as
operational leadership and risk management, before they are ready to sit behind the flight director
console in mission control supporting NASA’s astronauts. When they do, they will become part of a group
that numbers fewer than 100. This class will bring the total number of flight directors the agency has had
to 97 since Christopher C. Kraft became the first flight director in 1958.

Joining the 26 active flight directors currently guiding mission control, this group will have the opportunity
to oversee a variety of human spaceflight missions involving the International Space Station, including
integrating American-made commercial crew spacecraft into the fleet of vehicles servicing the orbiting
laboratory, as well as Orion spacecraft missions to the Moon and beyond.
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The 2018 Class of NASA Flight Directors
for the Mission Control Center (L-R):
Marcos Flores, Allison Bolinger, Adi
Boulos, Rebecca Wingfield, Pooja Jesrani,
and Paul Konyha. Credits: NASA/Robert
Markowitz

As flight directors, they will head teams of flight controllers, research and engineering experts, and 
support personnel around the world and make the real-time decisions critical to keeping NASA 
astronauts safe in space.

The new flight directors are:

Allison Bolinger (AL-luh-son BOWL-ing-er)

Bolinger, from Lancaster, Ohio, began her career at NASA as an intern in 2001, before earning her bachelor’s degree in aerospace engineering from 
Purdue University in 2004. Upon becoming a full-time NASA employee after graduation, she supported spacewalks in a variety of functions, including 
as a lead spacewalk flight controller for space shuttle Endeavor’s final mission, and several spacewalks since. Most recently, she has served as the 
deputy chief of the Neutral Buoyancy Laboratory, managing the facility’s daily operations.

Adi Boulos (ADD-ee BOO-luss)

Boulos grew up in Palos Hills, Illinois, and Fair Lawn, New Jersey, and holds a bachelor’s degree in aerospace engineering from the University of Illinois 
at Urbana Champaign. He began his career at NASA in 2008 and was one of the first flight controllers managing the space station’s core system 
computer networks in a position, known as Communications RF Onboard Networks Utilization Specialist (CRONUS). In addition to serving as a 
CRONUS specialist flight controller and as a CRONUS instructor, Boulos also worked with the Orion Program on spacecraft system recovery processes 
after major malfunctions.

Jose Marcos Flores (MAR-cos FLOOR-es)

Flores, who considers Caguas, Puerto Rico, to be his hometown, interned at multiple NASA centers while working on his bachelor’s degree in 
mechanical engineering at the University of Puerto Rico – Mayaguez. He came to Johnson Space Center full time in 2010 as a systems engineer, 
helping to develop a new space station simulator. He went on to become a flight controller managing the station’s power and external thermal control 
in a position known as Station Power, ARticulation, Thermal, and Analysis (SPARTAN). He also earned a master’s degree in aerospace engineering from 
Purdue University.

Pooja Joshi Jesrani (POO-juh jess-RAH-knee)

Jesrani was born in England but immigrated to Houston during childhood. Jesrani began interning with United Space Alliance (USA) before graduating 
from The University of Texas at Austin with a bachelor’s degree in aerospace engineering in 2007. In her work with USA and later NASA, she has 
supported the space station flight control team in many positions, including managing the life support and motion control systems, and then as a 
capsule communicator (CAPCOM), speaking directly with the astronauts in space. Recently, Jesrani has been working to integrate mission operations 
for upcoming commercial crew flights.

Paul Konyha III (PAWL CON-ya)

Konyha, was born in Manhasset, New York, and finished high school in Mandeville, Louisiana. He served in the United States Air Force from 1996 until 
2016, when he retired as a lieutenant colonel after holding a number of operations, engineering and leadership positions for numerous space 
systems. Since then, he has led the design, test, operations and disposal of all Department of Defense (DOD) payloads on crewed spacecraft for the 
DOD’s Space Test Program office at Johnson Space Center. Konyha holds a bachelor’s degree in mechanical engineering from Louisiana Tech 
University and master’s degrees in military operational art and science, and science and astronautical engineering from Air University and the 
University of Southern California, respectively.

Rebecca J. Wingfield (re-BECK-uh WING-field)

Wingfield, from Princeton, Kentucky, interned at NASA’s Kennedy Space Center before graduating with a bachelor’s degree in mechanical engineering 
from the University of Kentucky in 2007. She joined the flight control team at Johnson Space Center in 2007 as a contractor with United Space Alliance, 
overseeing maintenance tasks that the astronauts perform in space. She went on to become a CAPCOM, speaking to the crew on behalf of the control 
team, and a chief training officer, preparing space station crews for their missions. She also holds a master’s degree in systems engineering from the 
University of Houston – Clear Lake. 

2018 Gruber Cosmology Prize Awarded to Planck Mission
The team of scientists behind the European Space Agency’s Planck mission has been awarded the 
prestigious 2018 Gruber Cosmology Prize. NASA’s Jet Propulsion Laboratory in Pasadena, California, 
played a key role in the design and construction of the Planck instrument, and in the scientific analysis of 
the mission’s data.

The Gruber International Prize Program is sponsored by the Gruber Foundation, based at Yale University. 
The Cosmology Prize “honors a leading cosmologist, astronomer, astrophysicist or scientific philosopher 
for theoretical, analytical, conceptual or observational discoveries leading to fundamental advances in our 
understanding of the universe.”
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Two of the craters seen in this photo
have just been named by the Working
Group for Planetary System
Nomenclature (WGPSN) of the
International Astronomical Union.

Launched in 2009, the Planck satellite spent 4 years making a high-resolution map of the oldest light in the universe, the cosmic microwave background (CMB), 
emitted 13.8 billion years ago when the universe was only 470,000 years old, giving us a “baby picture” of the cosmos.

This map allows researchers to learn about the entire 13.8-billion-year history of the universe, including its age, rate of expansion, and the distribution 
of mass and energy throughout. While Planck is not the first mission to map the microwave background, it did so with unprecedented angular 
resolution, sensitivity, and frequency coverage, producing the most accurate and detailed CMB map ever made.

JPL is managed by Caltech, also in Pasadena. Caltech’s science and data center for astronomy, IPAC, hosted the U.S. Data Center for Planck.

The $500,000 prize will be divided between Planck’s principal investigators, Nazzareno Mandolesi and Jean-Loup Puget, and “the Planck team.” 
Hundreds of scientists have contributed to various aspects of the mission; a smaller group will represent the Planck team and accept the prize 
money. More than 300 scientists and engineers from the Planck mission, including many from JPL and IPAC, will accept the Gruber Prize at the 30th 
General Assembly of the International Astronomical Union in Vienna, Austria, this August.

The Gruber Prize was also awarded to two previous NASA missions that mapped the CMB: the Cosmic Background Explorer (COBE), launched in 1989, 
and the Wilkinson Microwave Anisotropy Probe (WMAP), launched in 2001.

Lunar Craters Named in Honour of Apollo 8
The Working Group for Planetary System Nomenclature of the International Astronomical Union has
officially approved the naming of two craters on the Moon to commemorate the 50th anniversary of the
Apollo 8 mission. The names are Anders’ Earthrise and 8 Homeward.

The newly named craters are visible in the foreground of the iconic Earthrise colour photograph taken by
astronaut William Anders. It depicts the moment that our shiny blue Earth came back into view as the
spacecraft emerged out of the dark from behind the grey and barren Moon. This is arguably the most
famous picture taken by Apollo 8. It became iconic and has been credited with starting the environmental
movement.

Since the Moon is tidally locked to the Earth — it always has the same side facing the Earth — the Earth
will never appear to rise above the surface to someone standing on the lunar farside. Orbiting around
the Moon, however, gave the Apollo 8 astronauts, Frank Borman, James Lovell, and William Anders this
stunning view, before they safely returned home to Earth.

The Apollo 8 mission took place from 21 to 27 December 1968. After completing 10 orbits around the
Moon on Christmas Eve, broadcasting images back to Earth and giving live television transmissions, the crew returned to Earth and landed in the
Pacific Ocean.

The Working Group for Planetary System Nomenclature (WGPSN) of the International Astronomical Union, who named the craters, is the authority
responsible for the naming of planetary features in our Solar System. The two named craters were previously designated by letters.

Midterm Assessment on Planetary Science Decadal Survey Published
In 2011, the National Academies of Sciences, Engineering, and Medicine published the report, Vision and Voyages for
Planetary Science in the Decade 2013–2022, generally referred to as the planetary science decadal survey.  In 2016,
NASA requested that the National Academies conduct a midterm study to assess NASA’s progress toward achieving
the decadal survey goals.

“Since the publication of Vision and Voyages, planetary science has made many advances, including acquiring
results from several highly successful missions,” said Louise Prockter, director of the Lunar and Planetary Institute,
and co-chair of the committee that conducted the study and wrote the report. “This decadal survey has served the
planetary science community well, justifying a plan for planetary science that has been successful in supporting
research and obtaining steady funding for missions.”

The study, Vision and Voyages for Planetary Sciences in the Decade 2013–2022: A Midterm Review, provides guidance on
achieving the goals in the remaining years covered by the decadal survey as well as preparing for the next decadal
survey, scheduled to begin in 2020.

For more information, visit:  The National Academies Press.

Meet the People Behind NASA’s InSight Mars Lander
A new series of videos introduces some of the people leading NASA’s InSight, the agency’s next mission to Mars.

“Behind the Spacecraft” profiles the men and women working on the first mission ever dedicated to studying Mars’ deep interior. The InSight
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spacecraft is on its way to a November 26 landing on the Red Planet.

The InSight profiles include:
• Troy Hudson, a scientist turned engineer with space art tattoos
• Marleen Sundgaard, the daughter of migrant workers who was inspired to look to the stars
• Ravi Prakash, a spacecraft engineer who applied his skills to combat international poverty

After landing on Mars, InSight will use a seismometer to detect quakes inside the planet, and place a probe up to 16 feet (5 meters) under the surface
to measure the heat escaping from its depths. InSight stands for Interior Exploration Using Seismic Investigations, Geodesy and Heat Transport.

InSight is an international mission that includes participation from several European agencies and institutions, including France’s National Center for
Space Studies (CNES) and the German Aerospace Center (DLR). Important figures from these collaborators are also profiled in the “Behind the
Spacecraft” series.

Two videos also focus on Mars Cube One, or MarCO, the first pair of CubeSats to attempt the journey to Mars. These “Meet MarCO” videos share the
personalities of young engineers working to demonstrate how miniaturized spacecraft technology can be used on future missions. MarCO is a unique,
standalone mission of its own, unrelated to the InSight mission’s success.

The entire video series was produced by NASA 360 at the National Institute of Aerospace in collaboration with the agency’s Langley Research Center in
Hampton, Virginia.

To watch all the videos, click here.

15 Years in Space for NASA’s Spitzer Space Telescope
Initially scheduled for a minimum 2.5-year primary mission, NASA’s Spitzer Space Telescope has gone far beyond its expected lifetime — and is still
going strong after 15 years.

Launched into a solar orbit on Aug. 25, 2003, Spitzer was the final of NASA’s four Great Observatories to reach space. The space telescope has
illuminated some of the oldest galaxies in the universe, revealed a new ring around Saturn, and peered through shrouds of dust to study newborn
stars and black holes. Spitzer assisted in the discovery of planets beyond our solar system, including the detection of seven Earth-size planets orbiting
the star TRAPPIST-1, among other accomplishments.
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Spitzer detects infrared light — most often heat radiation emitted by warm objects. On Earth, infrared light
is used in a variety of applications, including night-vision instruments.

With its infrared vision and high sensitivity, Spitzer has contributed to the study of some of the most
distant galaxies in the known universe. The light from some of those galaxies traveled for 13.4 billion years
to reach Earth. As a result, scientists see these galaxies as they were less than 400 million years after the
birth of the universe.

Among this population of ancient galaxies was a surprise for scientists: “big baby” galaxies that were much
larger and more mature than scientists thought early-forming galaxies could be. Large, modern galaxies are thought to have formed through the
gradual merger of smaller galaxies. But the “big baby” galaxies showed that massive collections of stars came together very early in the universe’s
history.

In recent years, scientists have utilized Spitzer to study exoplanets, or planets orbiting stars other than our Sun, although this was not something the
telescope’s designers anticipated.

With Spitzer’s help, researchers have studied planets with surfaces as hot as stars, others thought to be frozen solid, and many in between. Spitzer
has studied some of the nearest known exoplanets to Earth, and some of the most distant exoplanets ever discovered.

Spitzer also played a key role in one of the most significant exoplanet discoveries in history: the detection of seven, roughly Earth-size planets orbiting
a single star. The TRAPPIST-1 planetary system was unlike any alien solar system ever discovered, with three of its seven planets located in the
“habitable zone,” where the temperature might be right for liquid water to exist on the planets’ surfaces. Their discovery was an enticing step in the
search for life elsewhere in the universe.

Spitzer has logged over 106,000 hours of observation time. Thousands of scientists around the world have utilized Spitzer data in their studies, and
Spitzer data is cited in more than 8,000 published papers.

Spitzer’s primary mission ended up lasting 5.5 years, during which time the spacecraft operated in a “cold phase,” with a supply of liquid helium
cooling three onboard instruments to just above absolute zero. The cooling system reduced excess heat from the instruments themselves that could
contaminate their observations. This gave Spitzer very high sensitivity for “cold” objects.

In July 2009, after Spitzer’s helium supply ran out, the spacecraft entered a so-called “warm phase.” Spitzer’s main instrument, called the Infrared
Array Camera (IRAC), has four cameras, two of which continue to operate in the warm phase with the same sensitivity they maintained during the cold
phase.

Spitzer orbits the Sun in an Earth-trailing orbit (meaning it literally trails behind Earth as the planet orbits the Sun) and has continued to fall farther
and farther behind Earth during its lifetime. This now poses a challenge for the spacecraft, because while it is downloading data to Earth, its solar
panels do not directly face the Sun. As a result, Spitzer must use battery power during data downloads. The batteries are then recharged between
downloads.

In 2016, Spitzer entered an extended mission dubbed “Spitzer Beyond.” The spacecraft is currently scheduled to continue operations into November
2019, more than 10 years after entering its warm phase.

Six Things About Opportunity’s Recovery Efforts
NASA’s Opportunity rover has been silent since June 10, when a planet-encircling dust storm cut off solar
power for the nearly-15-year-old rover. Now that scientists think the global dust storm is “decaying” —
meaning more dust is falling out of the atmosphere than is being raised back into it — skies might soon
clear enough for the solar-powered rover to recharge and attempt to “phone home.”

No one will know how the rover is doing until it speaks. But the team notes there’s reason to be optimistic:
They’ve performed several studies on the state of its batteries before the storm, and temperatures at its
location. Because the batteries were in relatively good health before the storm, there’s not likely to be too
much degradation. And because dust storms tend to warm the environment — and the 2018 storm

happened as Opportunity’s location on Mars entered summer — the rover should have stayed warm enough to survive.

What will engineers at NASA’s Jet Propulsion Laboratory in Pasadena, California, be looking for — and what will those signs mean for recovery efforts?

A tau below 2

Dust storms on Mars block sunlight from reaching the surface, raising the level of a measurement called “tau.” The higher the tau, the less sunlight is
available; the last tau measured by Opportunity was 10.8 on June 10. To compare, an average tau for its location on Mars is usually 0.5.

JPL engineers predict that Opportunity will need a tau of less than 2.0 before the solar-powered rover will be able to recharge its batteries. A wide-
angle camera on NASA’s Mars Reconnaissance Orbiter will watch for surface features to become visible as the skies clear. That will help scientists
estimate the tau.
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Updates on the dust storm and tau can be found here.

Two Ways to Listen for Opportunity

Several times a week, engineers use NASA’s Deep Space Network, which communicates between planetary probes and Earth, to attempt to talk with
Opportunity. The massive DSN antennas ping the rover during scheduled “wake-up” times, and then search for signals sent from Opportunity in
response.

In addition, JPL’s radio science group uses special equipment on DSN antennas that can detect a wider range of frequencies. Each day, they record
any radio signal from Mars over most of the rover’s daylight hours, then search the recordings for Opportunity’s “voice.”

Rover faults out

When Opportunity experiences a problem, it can go into so-called “fault modes” where it automatically takes action to maintain its health. Engineers
are preparing for three key fault modes if they do hear back from Opportunity.

Low-power fault: engineers assume the rover went into low-power fault shortly after it stopped
communicating on June 10. This mode causes the rover to hibernate, assuming that it will wake up at a time
when there’s more sunlight to let it recharge.
Clock fault: critical to operating while in hibernation is the rover’s onboard clock. If the rover doesn’t know
what time it is, it doesn’t know when it should be attempting to communicate. The rover can use
environmental clues, like an increase in sunlight, to make assumptions about the time.
Uploss fault: when the rover hasn’t heard from Earth in a long time, it can go into “uploss” fault — a warning
that its communication equipment may not be functioning. When it experiences this, it begins to check the
equipment and tries different ways to communicate with Earth.

What happens if they hear back?

After the first time engineers hear from Opportunity, there could be a lag of several weeks before a second time. It’s like a patient coming out of a
coma: It takes time to fully recover. It may take several communication sessions before engineers have enough information to take action.

The first thing to do is learn more about the state of the rover. Opportunity’s team will ask for a history of the rover’s battery and solar cells and take
its temperature. If the clock lost track of time, it will be reset. The rover would take pictures of itself to see whether dust might be caked on sensitive
parts, and test actuators to see if dust slipped inside, affecting its joints.

Once they’ve gathered all this data, the team would take a poll about whether they’re ready to attempt a full recovery.

Not out of the woods

Even if engineers hear back from Opportunity, there’s a real possibility the rover won’t be the same.

The rover’s batteries could have discharged so much power — and stayed inactive so long — that their capacity is reduced. If those batteries can’t hold
as much charge, it could affect the rover’s continued operations. It could also mean that energy-draining behavior, like running its heaters during
winter, could cause the batteries to brown out.

Dust isn’t usually as much of a problem. Previous storms plastered dust on the camera lenses, but most of that was shed off over time. Any remaining
dust can be calibrated out.

Send Opportunity a postcard

Do you miss Opportunity as much as the rover’s team? You can write a message sharing your thoughts here.

Read more about Opportunity at: https://mars.nasa.gov/mer/highlights/

NASA, Israel Space Agency Sign Agreement for Commercial Lunar Cooperation
NASA has signed an agreement with the Israel Space Agency (ISA) to cooperatively utilize the Israeli nonprofit SpaceIL’s commercial lunar mission,
expected to land on the Moon in 2019.

NASA will contribute a laser retroreflector array to aid with ground tracking and Deep Space Network support to aid in mission communication. ISA
and SpaceIL will share data with NASA from the SpaceIL lunar magnetometer installed aboard the spacecraft. The instrument, which was developed in
collaboration with the Weizmann Institute of Science, will measure the magnetic field on and above the landing site. The data will be made publicly
available through NASA’s Planetary Data System.  In addition, NASA’s Lunar Reconnaissance Orbiter will attempt to take scientific measurements of
the SpaceIL lander as it lands on the Moon.
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Through its constellation of Earth
observation satellites, NASA collects
petabytes of data each year, including
this image of the Chukchi Sea acquired
on June 18, 2018, by the Operational
Land Imager (OLI) on the Landsat 8
satellite. Thanks to a new Remote Sensing
Toolkit created by NASA’s Technology
Transfer program, users will now be able
to find, analyze and utilize the most
relevant remote sensing data for their
research, business projects or
conservation efforts. Credits: NASA/U. S.
Geological Survey/Norman
Kuring/Kathryn Hansen

Dr. Ido Anteby, CEO of SpaceIL, left, Avi
Blasberger, director of the Israel Space
Agency (ISA), second from left, NASA
Administrator Jim Bridenstine, second
from right, and NASA Associate
Administrator for the Science Mission
Directorate Thomas Zurbuchen, right,
following the signing of an agreement
between NASA and ISA to cooperatively
utilize SpaceIL’s planned commercial
lunar mission.

The agreement was signed by NASA Administrator Jim Bridenstine and Avi Blasberger, Director of the Israel Space Agency. Dr. Ido Anteby, CEO of
SpaceIL, was also present.

“I’m thrilled to extend progress in commercial cooperation we’ve made in low-Earth orbit to the lunar
environment with this new agreement with the Israel Space Agency and SpaceIL,” said NASA
Administrator Jim Bridenstine. “Innovative partnerships like this are going to be essential as we go
forward to the Moon and create new opportunities there.”

SpaceIL competed in the Google Lunar X Prize, and continues to work toward landing the first Israeli
spacecraft on the Moon. Together, NASA and SpaceIL will collaborate on analyzing the scientific data
returned from the mission.

The agreement exemplifies the innovative approach that NASA and its international partners are taking
to team up with commercial partners to advance important science and exploration objectives on and
around the Moon.

NASA Online Toolkit: Commercial Use of Satellite Data
While NASA’s policy of free and open remote-sensing data has long benefited the scientific community,
other government agencies and nonprofit organizations, it has significant untapped potential for
commercialization. NASA’s Technology Transfer program has created an online resource to promote
commercial use of this data and the software tools needed to work with it.

With the Remote Sensing Toolkit, users will now be able to find, analyze and utilize the most relevant data
for their research, business projects or conservation efforts. The toolkit provides a simple system that
quickly identifies relevant sources based on user input. The toolkit will help users search for data, as well
as ready-to-use tools and code to build new tools.

“This new tool makes finding and using NASA satellite data easier than ever before, and we hope it sparks
innovation among the entrepreneurial community and leads to further commercialization of NASA
technology and benefits people across the world,” said Daniel Lockney, NASA’s Technology Transfer
program executive. “Our mission to bring NASA technology down to Earth is expanding with the release
of this remote sensing toolkit.”

Through its constellation of Earth observation satellites, NASA collects petabytes of data each year. The
variety of open source tools created to access, analyze and utilize the data from these satellites is familiar
to millions of science users, but accessing and utilizing this data remains daunting for many potential
commercial users.

For example, NASA’s remote sensing data and tools are spread out across dozens of sites. The NASA
Technology Transfer program reviewed more than 50 websites and found that no source provided a
comprehensive collection of information or a single access point to begin a search.

While the Remote Sensing Toolkit is new, using NASA satellite data to create commercial products isn’t.

“Over the years, many organizations around the world have found innovative ways to turn NASA satellite data into beneficial information products
here on Earth,” said Kevin Murphy of NASA’s Earth Science Division in Washington. “Remote Sensing Toolkit will help grow the number of users who
put NASA’s free and open data archive to work for people.”

NASA Spinoff LandViewer, a subscription-based software, relies on a variety of data, including NASA satellite data, to provide daily updates on the
state of corn vegetation. The result is a prediction of future corn production on national, state and county scales.

The Technology Transfer program will host a tutorial of Remote Sensing Toolkit. To participate, potential users should sign up to be notified of future
webinars.

NASA’s Technology Transfer program, managed by the agency’s Space Technology Mission Directorate, ensures technologies developed for missions
in exploration and discovery are broadly available to the public, maximizing the benefit to the nation.

Examples of some of these technologies include data from NASA’s Jet Propulsion Laboratory, Pasadena, California, from the ASTER mission, that’s
being used in a snowboarding game to create real-life mountains. This and other examples are featured in a Tumblr post at:
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Apollo 11 astronaut Buzz Aldrin, right,
and Erisa Hines of NASA’s Jet Propulsion
Laboratory in Pasadena, California, try
out the Microsoft HoloLens mixed reality
headset during a preview of “Destination:
Mars” at Kennedy Space Center visitor
complex in Florida. Based on OnSight, a
tool created by JPL, “Destination: Mars”
lets guests experience Mars with
holographic versions of Aldrin and Hines
as guides. Credits: NASA/Charles Babir

https://nasa.tumblr.com/post/176030762329/5-examples-of-how-our-satellite-data-is-helping

When Electronic Arts (EA) decided to make SSX, a snowboarding video game, it faced challenges in creating realistic-looking mountains. The solution
was our ASTER Global Digital Elevation Map, made available by our Jet Propulsion Laboratory, which EA used to create 28 real-life mountains from 9
different ranges for its award-winning game.

For more information about the Remote Sensing Toolkit and NASA’s Technology Transfer program, visit:
https://technology.nasa.gov/

NASA Selfies and TRAPPIST-1 VR Apps Now Available
The universe is at your fingertips with two new digital products from NASA.

The NASA Selfies app and NASA’s Exoplanet Excursions virtual reality app were created to celebrate the 15th anniversary of the launch of NASA’s
Spitzer Space Telescope. Spitzer’s incredible discoveries and amazing images are at the center of these new products.

NASA Selfies app

The new NASA Selfies app lets you generate snapshots of yourself in a virtual spacesuit, posing in front of
gorgeous cosmic locations, like the Orion Nebula or the center of the Milky Way galaxy. The simple
interface means you just snap a photo of yourself, pick your background, and share on social media.

The app also provides information about the science behind these stunning images. There are currently
30 eye-catching images to choose from, all taken by Spitzer. More images from the agency’s other science
and human spaceflight missions will be added in the future.

The app is available for iOS and Android.

NASA’s Exoplanet Excursions VR app

In NASA’s Exoplanet Excursions virtual reality app, VR users are taken on a guided tour of the TRAPPIST-1 planetary system.

TRAPPIST-1 is the only known exoplanet system to host seven roughly Earth-size planets. Spitzer played a major role in detecting these planets and
providing information that has helped scientists learn about the planets’ likely compositions. The TRAPPIST-1 system is too far away for telescopes to
directly observe these planets, but this VR experience features artists’ impressions of what the planets might look like. These impressions are based
on data from Spitzer and other telescopes that have studied the TRAPPIST-1 system.

Users of the app are navigated around five of the seven planets, surrounded by the blackness of space and the faint lights of distant stars.

The VR app will be available for Oculus and Vive through the Spitzer mission website and will soon be available through the Oculus store. A 360-
degree video is also be available on the Spitzer YouTube page that allows viewers to explore the virtual TRAPPIST-1 system on their desktop,
smartphone or with a smartphone-based 360-viewer like Google Cardboard.

 

Mars Virtual Reality Software Wins NASA Award
A mixed-reality software that allows scientists and engineers to virtually walk on Mars recently received
NASA’s 2018 Software of the Year Award.

OnSight uses imagery from NASA’s Curiosity rover to create an immersive 3D terrain model, allowing
users to wander the actual dunes and valleys explored by the robot. The goal of the software, a
collaboration between Microsoft and JPL’s Ops Lab, is to bring scientists closer to the experience of being
in the field. Unlike geologists on Earth, who can get up close and personal with the terrain they study,
Martian geologists have a harder time visualizing their environment through 2D imagery from Mars.

“Feeling like you’re standing on Mars really gives you a different sense of Mars than just looking at the
pictures,” said Parker Abercrombie, OnSight team lead. “And I think it’s a really powerful way to bring
people to these places that they physically can’t visit.”

“Being able to visualize Curiosity’s drives and virtually walk them before we actually do it with the rover is
really helpful to give me a sense of how safe or challenging the terrain will be,” said Abigail Fraeman, a
member of Curiosity’s science team.

In addition to studying the geology of Mars, the software allows scientists at any location to “meet” on
Mars with avatars that can walk, point and interact with one another.

These virtual field trips help the science team study Martian geology using Curiosity data in a
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collaborative setting. In the future, OnSight will be adapted for the Mars 2020 rover and could be applied to other extreme environments that are
difficult to visit.

The team is working to make a version of the software available to the public. An exhibit highlighting the OnSight experience, “Destination: Mars,” had
a limited run at the Kennedy Space Center Visitor Center in 2016. “Access Mars,” a Google collaboration built on WebVR, was released on 2017 and
runs on a desktop browser.

NASA’s Software of the Year of the Year Award honors the best software developed at NASA.

NASA Launches Channel for Roku
There’s a new way for people to learn about NASA’s exciting missions and thought-provoking discoveries.     The agency now has a channel for Roku
digital media streaming devices.

Users can install the app for free to access NASA content. This channel, a version of the NASA app, is
similar to previous versions of the app developed for iOS, Android, Amazon Fire TV and Apple TV devices.
Users have downloaded the NASA app more than 18 million times across all platforms.

“We want NASA to be available across a range of devices and news and entertainment sources,” said Bob
Jacobs, acting associate administrator for communications at the agency’s Headquarters in Washington.
“This broadens the places where users can stream NASA’s on-demand content and watch live launches
and activities in space — right on their televisions.”

The NASA app for Roku offers several features, including:
• Live streaming of NASA Television
• Real-time views of Earth from the International Space Station
• Popular NASA vodcasts, such as This Week @NASA, NASA Edge, Space to Ground, JPL, NASA-X, NASA ScienceCast, Hubblecast, The Beautiful Universe:
Chandra

As with previous versions of the NASA app, NASA’s Ames Research Center in Silicon Valley, California, developed the NASA Roku channel.
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New and Noteworthy

Enceladus and the Icy Moons of Saturn

University of Arizona Press, 2018, 500 pp., Hardcover. $75.00. www.uapress.arizona.edu

With active geysers coating its surface with dazzlingly bright ice crystals, Saturn’s large moon Enceladus is one of the most
enigmatic worlds in our solar system. Underlying this activity are numerous further discoveries by the Cassini spacecraft,
tantalizing us with evidence that Enceladus harbors a subsurface ocean of liquid water. Enceladus is thus newly realized as a
forefront candidate among potentially habitable ocean worlds in our own solar system, although it is only one of a family of
icy moons orbiting the giant ringed planet, each with its own story. As a new volume in the Space Science Series, Enceladus
and the Icy Moons of Saturn brings together nearly eighty of the world’s top experts writing more than twenty chapters to set
the foundation for what we currently understand, while building the framework for the highest-priority questions to be
addressed through ongoing spacecraft exploration. Topics include the physics and processes driving the geologic and

geophysical phenomena of icy worlds, including, but not limited to, ring-moon interactions, interior melting due to tidal heating, ejection and
reaccretion of vapor and particulates, ice tectonics, and cryovolcanism. By contextualizing each topic within the profusion of puzzles beckoning from
among Saturn’s many dozen moons, Enceladus and the Icy Moons of Saturn synthesizes planetary processes on a broad scale to inform and propel
both seasoned researchers and students toward achieving new advances in the coming decade and beyond.

Primitive Meteorites and Asteroids: Physical, Chemical, and Spectroscopic Observations
Paving the Way to Exploration

Elsevier, 2018, 558 pp., Paperback, $160.00. www.elsevier.com

Primitive Meteorites and Asteroids: Physical, Chemical, and Spectroscopic Observations Paving the Way to Exploration covers the
physical, chemical, and spectroscopic aspects of asteroids, providing important data and research on carbonaceous
chondrites and primitive meteorites. This information is crucial to the success of missions to parent bodies, thus contributing
to an understanding of the early solar system. The book offers an interdisciplinary perspective relevant to many fields of
planetary science, as well as cosmochemistry, planetary astronomy, astrobiology, geology and space engineering. Including
contributions from planetary and missions scientists worldwide, the book collects the fundamental knowledge and cutting-
edge research on carbonaceous chondrites and their parent bodies into one accessible resource, thus contributing to the
future of space exploration.

From Habitability to Life on Mars

Elsevier, 2018, 390 pp., Paperback, $100.00. www.elsevier.com

From Habitability to Life on Mars explores the current state of knowledge and questions on the past habitability of Mars
and the role that rapid environmental changes may have played in the ability of prebiotic chemistry to transition to life.
It investigates the role that such changes may have played in the preservation of biosignatures in the geological record
and what this means for exploration strategies. Throughout the book, the authors show how the investigation of
terrestrial analogs to early Martian habitats under various climates and environmental extremes provide critical clues to
understand where, what and how to search for biosignatures on Mars. The authors present an introduction to the
newest developments and state-of-the-art remote and in situ detection strategies and technologies that are being
currently developed to support the upcoming ExoMars and Mars 2020 missions. They show how the current orbital and
ground exploration is guiding the selection for future landing sites. Finally, the book concludes by discussing the critical

question of the implications and ethics of finding life on Mars.

Saturn in the 21st Century

Cambridge University Press, 2018, 485 pp., Hardcover. $155.00. www.cambridge.org

The Cassini Orbiter mission, launched in 1997, has provided state-of-the-art information into the origins and workings of
Saturn. Drawing from new discoveries and scientific insight from the mission, this book provides a detailed overview of the
planet as revealed by Cassini. Chapters by eminent planetary scientists and researchers from across the world
comprehensively review the current state of knowledge regarding Saturn’s formation, interior, atmosphere, ionosphere,
thermosphere and magnetosphere. Specialized chapters discuss the planet’s seasonal variability; the circulation of strong
zonal winds; the constantly changing polar aurorae; and the Great Storm of 2010–2011, the most powerful convective storm
ever witnessed by humankind. Documenting the latest research on the planet, from its formation to how it operates today,
this is an essential reference for graduate students, researchers and planetary scientists.

Chondrules: Records of Protoplanetary Disk Processes
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Cambridge University Press, 2018, 450 pp., Hardcover. $155.00. www.cambridge.org

Chondrules are spherical silicate grains which formed from protoplanetary disk material, and as such provide an important
record of the conditions of the Solar System in pre-planetary times. Chondrules are a major constituent in chondritic
meteorites, however despite being recognized for over 200 years, their origins remain enigmatic. This comprehensive review
describes state-of-the-art research into chondrules, bringing together leading cosmochemists and astrophysicists to review
the properties of chondrules and their possible formation mechanisms based on careful observations of their chemistry,
mineralogy, petrology and isotopic composition. Current and upcoming space missions returning material from chondritic
asteroids and cometary bodies has invigorated research in this field, leading to new models and observations, and providing
new insight into the conditions and timescales of the solar protoplanetary disk. Presenting the most recent advances, this
book is an invaluable reference for researchers and graduate students interested in meteorites, asteroids, planetary

accretion and solar system dynamics.

Safely to Earth: The Men and Women Who Brought the Astronauts Home

University Press of Florida, 2018, 280 pp., Hardcover, $24.95. www.ufp.com

In this one-of-a-kind memoir, Jack Clemons — a former lead engineer in support of NASA — takes readers behind the
scenes and into the inner workings of the Apollo and Space Shuttle programs during their most exciting years. Discover
the people, the events, and the risks involved in one of the most important parts of space missions:  bringing the
astronauts back home to Earth. Through personal stories, Clemons introduces readers to many of the unsung heroes of
the Apollo and Space Shuttle missions — the people who worked side by side with NASA engineers supporting reentry
and landing for each Apollo mission and the software team who fashioned the computer programs that accompanied
the crews on the Space Shuttle. Clemons worked closely with astronauts who relied on him and his fellow engineers for
directions to their destination, guidance on how to get there, control of their fate during their journeys, and a safe
return. He reveals problems, challenges, and near-disasters previously unknown to the public and offers candid
opinions on the preventable failures that led to the loss of fourteen astronauts in
the Challenger and Columbia tragedies. Highlighting the staggering responsibility and the incredible technological
challenges that Clemons and his colleagues took on in the race to reach the moon and explore the mysteries of space,

this book is a fascinating insider’s view of some of the greatest adventures of the twentieth century.

Exploring the Ocean Worlds of Our Solar System

Springer, 2018, 249 pp., Paperback, $29.99. www.springer.com

In the last 25 years, planetary science experienced a revolution, as vast oceans of liquid water have been discovered within
the heart of the icy moons of our solar system. These subsurface oceans lie hidden under thick layers of ice. We call them
ocean worlds. Some of these icy moons, such as Ganymede, may hold two to three times more liquid water than all the water
present on Earth, while others, such as Enceladus and Europa, are thought by astrobiologists to be our best hope of finding
extraterrestrial life. In this book, author Bernard Henin explores and compares a variety of solar system ocean worlds,
meeting in the process 22 of the most intriguing objects, from the giant asteroid Ceres to the enigmatic, distant Sedna. He also
discusses the multiple spacecraft that brought back most of what we know of these worlds (Pioneers, Voyagers, Cassini-
Huygens, etc.), as well as the latest scientific research on this new topic. The possibility of life on each of these ocean worlds is
explored by assessing their habitability, as ultimately these ocean worlds might hold the key to answering the fundamental

questions in life:  How did life appear? Where do we come from? Is there life out there?

Hayabusa2: Revealing the Evolution of C-Type Asteroid Ryugu

Springer, 2018, 449 pp., Hardcover. $159.99. www.springer.com

In December 2014, Hayabusa2 started its journey to 162173 Ryugu, a C-type asteroid likely to be primordial, thereby making this
a voyage in both space and time. Hayabusa2 will begin its observations upon arrival at Ryugu in 2018. It will survey the
asteroid’s surface features, touch down on the asteroid, form an artificial crater by shooting an impactor, and collect sample
materials both on and under the surface. In 2020, Hayabusa2 will return to Earth and release a re-entry capsule carrying
material from Ryugu. This book contains papers describing the scientific objectives and instrumentation on Hayabusa2 and its
landing package, MASCOT. The methods and developments presented in these papers have challenged the state-of-the-art of
planetary exploration. This book is indispensable to understanding the results that Hayabusa2 will bring through its in situ and
sample return exploration.

2019 Guide to the Night Sky
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Firefly Books, 2018, 96 pp., Paperback, $14.95. www.fireflybooks.com

For many years, Firefly Books has published Guide to the Night Sky annuals that cover events to occur the upcoming year
in North America’s night sky. This edition provides all of the guidance, information, and data an amateur astronomer
needs to view the sky over the course of 2019 and not miss a thing. It is a compact and comprehensive introduction to
astronomy and the equipment needed, while sky watchers with more experience can use the book as a calendar
reference. Using the charts and maps and following the accessible text, sky watchers can enjoy viewing the night sky with
nothing more complicated than a pair of binoculars or the naked eye. The maps are centered on latitude 40 degrees
North helping backyard astronomers in the United States and Canada see how visible stars change over the year, and
ensure that they catch the exciting sky events that occur. In addition to the month-by-month guides, the book includes an
introduction to the planets, the Moon, and the sky, and comprehensive back matter. The book’s small and light format
makes it the ideal portable reference for backyard viewing. 2019 Guide to the Night Sky is a fabulous introduction for new

astronomers and sky watchers who don’t want to miss a thing.

Mission Control: The Unsung Heroes of Apollo

$19.99. missioncontrol.movie/shop

At the heart of the Apollo space program and a remarkable decade of achievement was the team who worked in
Mission Control. They were born against a backdrop of economic turmoil and global conflict. Some came from a rural
lifestyle little changed from the 19th century. Others grew up in a gritty, blue-collar America of mines and smoke stacks.
They ranged from kids straight out of college to those toughened by military service. But from such ordinary beginnings,
an extraordinary team was born. They were setting out on what JFK called “The most hazardous, dangerous, and
greatest adventure upon which mankind has ever embarked,” and through their testimony — and the supporting voices
of Apollo astronauts and modern NASA flight directors — the film takes us from the faltering start of the program
through the Mercury and Gemini missions, the tragedy of the Apollo 1 fire to the glories of the Moon landings.

The Sun is Kind of a Big Deal

Scholastic, 2018, 40 pp., Hardcover. $17.99. www.scholastic.com

The Sun never stops working to keep things on Earth running smoothly. (That’s why it’s been Employee of the Month for
4.5 billion years.) So, why does the Sun get to be center of attention? Because it’s our solar system’s very own star! This
funny and factual picture book from Awkward Yeti creator Nick Seluk explains every part of the Sun’s big job:  keeping our
solar system together, giving Earth day and night, keeping us warm, and more. In fact, the Sun does so much for us that
we wouldn’t be alive without it. That’s kind of a big deal. Each spread features bite-sized text and comic-style art with
sidebars sprinkled throughout. Anthropomorphized planets (and Pluto) chime in with commentary as readers learn about
the Sun. For ages 4 to 8.

Curious Questions & Answers About The Solar System

Miles Kelly Publishing, 2018, 32 pp., Hardcover, $13.25. www.mileskelly.net

The entertaining question and answer format make Curious Questions & Answers About The Solar System the perfect book for
both eager learners and reluctant readers. Find out how hot the Sun really is, whether there are rainbows on the Moon, and
why planets are round. Barbara Bakos’ lively illustrations complete this wonderfully quirky fact book.  For ages 7 and up.

Countdown: 2979 Days to the Moon

Peachtree Publishers, 2018, 144 pp., Hardcover. $22.95. www.peachtree-online.com

In 1961, President John F. Kennedy announced that the United States would try to land a man on the Moon by the end
of the decade. During the two thousand, nine hundred and seventy-nine days that followed his speech, eighteen
astronauts climbed into spaceships; three of them died before even leaving the ground. Eight rockets soared into space.
And four hundred thousand people — engineers, technicians, scientists, mathematicians, and machinists — joined
Project Apollo in hopes of making the dream a reality. Award-winning author and former mechanical engineer Suzanne
Slade joins up with New York Times best-selling illustrator Thomas Gonzalez to tell the powerful story of the successes,
failures, triumphs, tragedies, and lessons learned from Apollos 1 through 10 that led to the first Moon landing. For ages
10 to 14.
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Space Facts + Figures: Planets

Windmill Books, 2018, 32 pp., Paperback. $10.00. www.windmillbooks.co.uk

Some people might think of planets as all being pretty similar, but they actually come in vastly different sizes and are
made up of many different elements. Readers of this fascinating book will learn about the different planets in our solar
system. They’ll learn that some, like Earth, are rocky, while others, such as Jupiter, are made up of gas. Informative fact
boxes present numerical information in a manageable and easy-to-understand way. Colorful images and diagrams
correlate closely with clear and concise text that will engage readers of all ages. For ages 6 to 9.

Moons: A Trick-Taking Game by Robert Burke

$19.99. www.quicksimplefun.com/product/moons

Moons is the latest fun and exciting trick-taking card game from game designer Robert Burke! Planets throughout our solar
system feature well-known and not-so-well-known bodies orbiting them. Moons is perfect for those who not only want a fun game
but may be interested in learning more about our universe in the process. Featuring vibrant artwork of celestial bodies, sturdy
moon tokens to keep track of your progress, and easy-to-learn rules, Moons is fun for all ages. Use your smarts, cunning, and
planning to weave your way through the moons of our solar system and take down your opponents in true out-of-this-world
fashion. For ages 12 and up.
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Calendar

2018 Upcoming Events

October
Cosmic Dust and Magnetism
 October 31-2
 Daejeon, South Korea
 http://coma.kasi.re.kr/cosdm2018/home.html
 

November
2018 Geological Society of America Annual Meeting
 November 4-7
 Indianapolis, Indiana
 https://www.geosociety.org/GSA/Events/Annual_Meeting/GSA/Events/gsa2018.aspx
 

Future of Space Astronomy in Canada
 November 6-7
 Montreal, Canada
 https://www.eventbrite.ca/e/future-of-space-astronomy-in-canada-workshop-november-6-7-2018-registration-50198808989
 

16th Venus Exploration Analysis Group Meeting
 November 6-8
 Laurel, Maryland
 https://www.lpi.usra.edu/vexag/meetings/vexag-16/
 

5th International Conference on Artificial Light at Night 2018
 November 12-14
 Salt Lake City, Utah
 https://artificiallightatnight.weebly.com/
 

2nd GeoPlaNet Thematic School — Fluid-Rock Interactions in the Solar System
 November 12-16
 Nantes, France
 https://lpg-umr6112.fr/TS-GeoPlaNet
 

Survive and Operate Through the Lunar Night Workshop (#survivethelunarnight)
 November 13
 Columbia, Maryland
 https://www.hou.usra.edu/meetings/survivethenight2018/
 

Annual Meeting of the Lunar Exploration Analysis Group (#LEAG2018)
 November 14-15
 Columbia, Maryland
 https://www.hou.usra.edu/meetings/leag2018/
 

Hera Mission Workshop
 November 15-16
 Berlin, Germany
 https://www.cosmos.esa.int/web/hera-community-workshop/home
 

December
Ninth Symposium on Polar Science
 December 4-7
 Tokyo, Japan
 http://www.nipr.ac.jp/symposium2018/
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Hayabusa 2018: 6th Symposium of the Solar System Materials
 December 4-7
 Tokyo, Japan
 http://curation.isas.jaxa.jp/symposium/2018/index.html
 

2018 AGU Fall Meeting
 December 10-14
 Washington, DC
 http://fallmeeting.agu.org
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