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Planetary Citizen 
Scientists in Action

Ted Stryk, Roane State 
Community College

JunoCam is a camera onboard the Juno 
spacecraft, which has been orbiting 
Jupiter since July 2016. The primary 
goal of the Juno mission is to study the 
gas giant’s atmosphere, magnetosphere, 
and interior structure. JunoCam was 
not funded to be a science instrument, 
but rather a public outreach camera 
designed to capture stunning images 
of Jupiter’s cloud tops and share them 
with the public. Because the camera has 
no science team, it relies on volunteers 
(anyone from hobbyists to professional 
scientists operating alongside citizen 
scientists) to handle the images it returns.

JunoCam is a digital camera with a 
wide-angle lens that scans its targets 
as the spacecraft rotates. It has a 
4-megapixel sensor and can capture 
images in both visible and infrared 
light. JunoCam is operated by a team 
of volunteers who plan and execute the 
camera’s imaging sequences. Anyone 
can participate in the JunoCam project, 
either by suggesting targets for imaging 
or by processing the raw images into 
stunning visualizations of Jupiter.

One of the unique aspects of JunoCam is 
its ability to capture images at extremely 
close range to Jupiter. During each of 
Juno’s close flybys of the planet, JunoCam 

captures a sequence of images at high 
resolution. The images are taken in a 
narrow swath as the spacecraft passes 
over the planet’s surface. The raw images 
are then transmitted to Earth, where they 

are processed by volunteers to produce 
dramatic images of Jupiter’s atmosphere.

Processing JunoCam images is a complex 
task, requiring specialized software 
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CITIZEN SCIENCE IN PLANETARY 
EXPLORATION: Part 2
Note from the Editors: In this two-part series, we explore the role that citizen scientists (or amateur astronomers) play in supporting planetary exploration in the U.S. and 
internationally. In Part 1, which was featured in the previous issue, Drs. Nick Lang and Michael Kelley explored the active programs that NASA uses to engage directly 
with citizen scientists, and Dr. Ted Stryk explored ongoing activities in monitoring astronomical events in the solar system. Part 2 continues the story as Stryk looks at how 
citizen scientists engage with ongoing and past planetary missions to facilitate data processing. — Paul Schenk and Renée Dotson

“A mind of limits, a camera of thoughts” is the name of this contribution from citizen scientist Prateek Sarpal. 
Jupiter inspires artists and scientists with its beauty. In this image, south is up, and the enhanced color 
evokes an exotic marble and childhood joy. The original image was captured by JunoCam, the camera on 
NASA’s Juno mission in orbit around Jupiter. This image was taken on Juno’s 22nd close pass by Jupiter on 
September 12, 2019. JunoCam’s raw images are available for the public to peruse and process into image 
products at https://missionjuno.swri.edu/junocam/processing. Credit: Image data provided by NASA/JPL-
Caltech/SwRI/MSSS. Image processing by Prateek Sarpal, ©CC NC SA.
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and a deep understanding of image 
processing techniques. The raw images 
are often distorted and blurry due to the 
spacecraft’s motion and the turbulent 
atmosphere of Jupiter. The images must 
be aligned and stacked to remove 
the blur and enhance the detail. The 
color balance and contrast must also 
be adjusted to bring out the features 
of interest in the images. The resulting 
visualizations of Jupiter are breathtaking, 
showing the swirling clouds and storms 
that make up the planet’s atmosphere.

JunoCam has been a tremendous success, 
capturing the public’s imagination and 
providing a wealth of scientific data about 

Jupiter. The images captured by JunoCam 
have been used in numerous scientific 
studies and have helped to improve 
our understanding of the gas giant. The 
JunoCam project has also engaged 

the public in the exploration of space, 
inspiring amateur astronomers and citizen 
scientists to participate in the mission and 
contribute to our understanding of Jupiter.

In addition to imaging Jupiter itself, 
JunoCam has also captured stunning 
images of Jupiter’s moons during the 
spacecraft’s close flybys. In August 2021, 
during Juno’s 34th close flyby of Jupiter, 
JunoCam captured images of two of the 
gas giant’s largest moons: Ganymede 
and Europa.

The images of Ganymede were the closest 
ever taken of the moon, with a resolution 
of about 1 kilometer (0.6 miles) per pixel. 

The images show the moon’s intricate 
surface features, including craters, ridges, 
and grooves. Ganymede is the largest 
moon in the solar system and is thought to 
have a subsurface ocean of liquid water.

The images of Europa were also high-
resolution, with a resolution of about 1 
kilometer (0.6 miles) per pixel. Europa 
is also thought to have a subsurface 
ocean of liquid water and is considered 
a prime target for future exploration. 
The images captured by JunoCam will 
help scientists better understand the 
moon’s surface features and geology.

JunoCam is scheduled to capture images 
of Jupiter’s moon Io during upcoming 
orbits. Io is one of the four largest moons 
of Jupiter and is the most volcanically 
active body in the solar system. Its surface 
is constantly changing due to volcanic 
activity and other geologic processes.

Juno will conduct several close flybys 
of Io in the coming months, allowing 
JunoCam to capture images of the moon’s 
surface in high resolution. During the later 
of these flybys in December, Juno will 
pass as close as 3500 kilometers (2175 
miles) to Io’s surface, allowing JunoCam 
to capture images with a resolution of 
up 1 kilometer (0.6 miles) per pixel.

The images captured by JunoCam will 
provide valuable data about the geology 
and composition of Io’s surface. Io’s 
surface is covered with colorful, sulfur-
rich deposits, and the moon’s volcanoes 
are some of the most active in the solar 
system. It will look for surface changes 
as well as image areas that previous 
missions did not get a good look at.

FE AT U RE D S TO RY 

Data used to generate this composite image of volcanic activity on the jovian moon Io was obtained by the Jovian Infrared Auroral Mapper (JIRAM) instrument onboard 
NASA’s Juno spacecraft during a flyby of the moon on October 16, 2021. JIRAM took the four images over a short time interval to observe volcanic activity on the moon 
from different view angles. JIRAM data collected over time could provide information on changes to Io’s surface, including the number of active volcanoes or variations in 
their intensity. JIRAM “sees” infrared light not visible to the human eye. In this composite image, the measurements of thermal emission radiated from the planet were in the 
infrared wavelength of around 5 micrometers (0.00019685 inches). Credit: NASA/JPL-Caltech/SwRI/ASI/INAF/JIRAM.

“Io is one of the four largest 
moons of Jupiter and is 
the most volcanically active 
body in the solar system.”
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Similarly, the Visual Monitoring Camera 
(VMC) onboard the European Space 
Agency’s Mars Express spacecraft, 
launched in 2003, is a low-resolution 
camera that captures images of the planet 
Mars and its surrounding environment. The 
VMC was originally installed to monitor 
the departure of the UK’s ill-fated Beagle 
2 Mars lander, which crashed in 2004. 
Since then, it has been repurposed as a 
webcam that provides wide-field color 
images of the planet during every orbit.

The VMC is a simple camera that 
uses a single charge-coupled device 
(CCD) sensor to capture images. It 
has a field of view of 110° and a 
resolution of approximately 40 meters 
(131 feet) per pixel, making it useful 
for providing context images of the 
planet and monitoring large-scale 
changes in the martian atmosphere.

The VMC has been used to capture 
images of Mars’ atmosphere, including 
dust storms, cloud formations, and 
weather patterns. It has also captured 
images of Mars’ moons, Phobos and 
Deimos, as well as other objects in the 
planet’s vicinity, such as comets and 
asteroids. It has monitored changes in 
Mars’ polar regions, where changes 

in the ice caps and surrounding terrain 
can be monitored over time. The camera 
has also been used to study the effects 
of martian seasons on the planet’s 
atmosphere and surface features.

Like JunoCam, VMC has no science 
team and is used for outreach and public 
engagement efforts. Images captured 
by the VMC have been shared with 

the public and used in educational 
materials to promote interest in Mars 
exploration and space science.

Amateur astronomers and citizen 
scientists also have access to cameras 
in orbit around Mars and the Moon 

through their use of the High Resolution 
Imaging Science Experiment (HiRISE) 
camera and the Lunar Reconnaissance 
Orbiter Camera (LROC).

While these instruments are primarily 
used by professional scientists, the HiRISE 
and LROC teams offer suggestion pages 
where anyone can propose locations 
to image on Mars or the Moon. These 
suggestions can be made by anyone, 
including amateur astronomers, and are 
considered by the HiRISE and LROC 
teams for future imaging missions.

The HiRISE team at the University of 
Arizona offers a web-based HiWish tool 
that allows anyone to suggest a site on 
Mars for imaging. HiWish is a citizen 
science project that has been used by 
thousands of people to suggest imaging 
targets on Mars. The HiRISE team reviews 
the suggestions and selects some for 
further study and potential imaging.

The LROC team at Arizona State 
University also offers a similar tool, 
called the Target Request Form, where 
anyone can suggest a location on the 
Moon for imaging. The LROC team 
reviews the suggestions and considers 
them for future imaging missions.

Amateur astronomers and citizen scientists 
have made valuable contributions to the 
study of Mars and the Moon through 

their use of these suggestion pages. By 
identifying interesting and important 
locations for further study, they have 
helped guide the imaging efforts of 
these spacecraft and contributed to our 
understanding of the geology and surface 
features of these fascinating worlds.

FE AT U RE D S TO RY 

This raw image was acquired by the Visual Monitoring Camera onboard Mars Express on August 18, 2023, at 
an altitude of 9702 kilometers (6029 miles) above Mars, on Mars Express orbit number 24786. Credit: ESA–
European Space Agency, creativecommons.org/licenses/by-sa/3.0/igo/CC BY-SA 3.0 IGO.

“ While these instruments are 
primarily used by professional 
scientists, the HiRISE and LROC 
teams offer suggestion pages where 
anyone can propose locations to 
image on Mars or the Moon. ”
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The involvement of amateurs in the 
HiRISE and LROC suggestion pages 
also highlights the importance of 
public engagement in scientific 
research. By involving the public in 
the scientific process, researchers can 
gain new insights and perspectives 
and generate interest and excitement 
for space exploration and discovery.

Beginning in the early 1990s, planetary 
science enthusiasts were active on Usenet 
newsgroups. This soon migrated to Yahoo 
groups, where a vibrant community 
formed. Within one planetary science 
group, image processors began actively 
sharing their work, both from current 
missions and from archival data. The 
latter included imagery using data 
from NASA’s Planetary Data System 
as well as work from sleuths who dug 
through libraries searching for early 
imagery not in the formal archive.

However, as the group grew, the Yahoo 
format made having a lot of separate 
discussions on imagery difficult, so in 
2004, Doug Ellison, a software developer 
and planetary science enthusiast in the 
UK, created a new board dedicated 
to the upcoming landings of the Spirit 
and Opportunity rovers on Mars.

Ellison launched the forum, originally 
populated mostly with people from 
the Yahoo group, and it quickly grew 
in popularity, attracting members 
from around the world. Soon its scope 
expanded beyond the rovers and to 
uncrewed spaceflight in general, which 
was at the time commonly referred to as 
unmanned spaceflight, hence the forum’s 
name: unmannedspaceflight.com.

A strict team of moderators made the 
forum unique. Crewed spaceflight, 
speculation about extraterrestrial life, and 

anything else not related to planetary 
exploration were not allowed to prevent 
subject creep. Additionally, nationalist 
rhetoric, wild unfounded speculation, 
and unconstructive attacks on specific 
missions or scientists were banned.

This was to promote civility and to keep 
trolls from taking over conversations, but it 
had the unintentional effect of creating a 
space where professionals could interact 
with enthusiasts and amateur image 
processors without the fear of being 
attacked or associated with negative 
rhetoric toward other programs. Several 
participants eventually became involved 
directly in missions, including Ellison 
himself, who is now at the Jet Propulsion 

Laboratory in Pasadena, California, and 
works on the Curiosity Mars rover team.

Over the years, unmannedspaceflight.com 
has become a valuable resource for the 
space science community, with members 
sharing insights and analysis related to a 
wide range of unmanned space missions. 
The forum has also been involved in 
a number of citizen science projects, 
providing opportunities for individuals 
to contribute to ongoing space missions 
through their analysis of data and images.

Today, unmannedspaceflight.com 
remains an active and vibrant online 
community with thousands of members 
from around the world. The forum’s 
focus on uncrewed space missions 
and scientific analysis of their data has 
made it an important resource for the 
space science community, and its role 
in promoting public engagement with 
space exploration and citizen science 
is widely recognized and celebrated.

FE AT U RE D S TO RY 

Samara Valles is one of the longest ancient valley systems on Mars. This system traverses more than 1000 
kilometers (621 miles) toward the northwest across the heavily cratered southern highlands eroding into the gentle 
slopes of Terra Meridiani. The valley terminates in the northern lowlands within the Chryse basin where both 
Viking Lander 1 and Pathfinder are located. The High Resolution Imaging Science Experiment (HiRISE) camera 
on NASA’s Mars Reconnaissance Orbiter recorded this image on March 4, 2010. The target for this HiRISE 
observation was a suggestion submitted through the camera team’s HiWish public suggestion program. Credit: 
NASA/JPL-Caltech/University of Arizona.

This screenshot from the unmannedspaceflight.com forum shows just a sample of some of the topics being discussed 
on the site. Monitored by a strict team of moderators, the site provides a unique safe space where science 
professionals can interact with enthusiasts and amateur image processors without being subject to trolling.
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FROM THE DESK 

OF LORI GL A ZE

ASTEROID AUTUMN!

Lori S. Glaze

Director, NASA’s Planetary Science Division,  July 2023

Summer is currently in full swing and I’m 
looking forward to taking a relaxing 
break during August so that I’m fully 
prepared for what promises to be an 
incredibly busy and exciting fall. All 
eyes are going to be on asteroids this 
autumn, with a host of momentous events 
that help showcase the importance of 
our solar system’s smaller bodies. Each 
of our small-body-focused missions 
help us uncover more about the 
diversity of asteroid populations and 
their role in the story of solar system 
formation and evolution, as well as 
providing key data for improving 
planetary defense endeavors.

First up, we’re eagerly anticipating 
the return of the OSIRIS-REx sample 
capsule on September 24. The capsule 
will land at the Utah Test and Training 
Range (UTTR) at 10:55 EDT, with an 
estimated 250 grams (±100 grams) of 

pristine material that was collected from 
asteroid Bennu back in 2020. It will then 
be retrieved by helicopter and taken to 
a temporary clean room at UTTR for an 
initial examination. The following day 
(September 25), the capsule and its 
contents will be flown to NASA’s Johnson 
Space Center (JSC) — to a brand-new 
clean-room facility that has been built to 
house the OSIRIS-REx collection. Once 
the samples are safely at JSC, the curation 
and mission teams will get to work on their 
careful preliminary examination activities. 
All aspects of the return, curation, and 
preliminary examination plan have been 
meticulously practiced by various teams 
over the last several months, and a recent 
rehearsal held in July gives a good idea 
of what the return itself will look like.

The delivery of the OSIRIS-REx samples 
will be the first time NASA has brought 
extraterrestrial materials to Earth 

since Stardust’s delivery of comet and 
interstellar particles in 2006. I’m proud 
to see this event being commemorated 
by the release of a new USPS postage 
stamp and I’m glad that the world will 
be able to share the excitement of the 
sample return, and the mission as a 
whole, through a variety of media and 
public events — including a live feed 
of the landing on September 24.

We plan to have information about 
the sample haul to “reveal” publicly 
on October 11. With a target of six 
months after sample return, materials 
from the OSIRIS-REx sample collection 
are expected to become available (like 
other NASA-curated extraterrestrial 
sample collections) for scientists to study. 
I know the planetary science community 
is extremely eager to get their hands 
on these samples, and I cannot wait 
to see how analyses of Bennu’s rocks 
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FROM T H E D ES K O F LO RI  G L A ZE

and dust will give us new glimpses into 
the period of planetary formation that 
took place 4.5 billion years ago and 
the history of the main asteroid belt.

The return of the OSIRIS-REx sample 
capsule, however, is by no means the end 
for the spacecraft. We are delighted that 
the spacecraft and its payload remain 
healthy and we are planning to repurpose 
the spacecraft and send it to rendezvous 
with another asteroid — the near-Earth 
asteroid Apophis. After sample return, 
the OSIRIS-REx spacecraft will therefore 
transition to being known as the OSIRIS-
APEX (Apophis Explorer) spacecraft. 
OSIRIS-APEX will reach Apophis shortly 
after the asteroid’s close approach to 
Earth in April 2029 and it will complete 
a planned 18-month investigation (similar 
to that of Bennu) of the 340-meter-
diameter asteroid from orbit. Some of 
the major objectives of OSIRIS-APEX 
will be to better understand Apophis’ 
internal configuration, study possible 
observable consequences of tidal effects, 
connect ground-based observations 
to in situ data, and help planetary 
defense hazard mitigation studies.

But we definitely won’t be able to sit 
back and rest on our OSIRIS-REx laurels 
because in between the OSIRIS-REx 
sample return and our release of the 
first look at the samples, the launch 
period for our Psyche spacecraft will 
open (running from October 5 to 25). 
Psyche will launch on a SpaceX Falcon 
Heavy from Cape Canaveral and start 
its journey to the asteroid of the same 

name. Observations from Earth indicate 
that asteroid Psyche has a very high metal 
content (perhaps up to about 60%) and 
is one of only a handful that we know 
has this kind of compositional makeup. 
For this reason, the Psyche mission will 
provide a unique view of what may be 
the remnant of a larger body’s metallic 
core and, thus, incredible insights into 
planetary formation processes. After a 
cruise of almost six years, the spacecraft 
will orbit the asteroid for 26 months and 
its payload (including a gamma-ray and 
neutron spectrometer, a multispectral 
imager, a magnetometer, and an X-band 
radio telecommunications system) will 
be used to map the asteroid’s surface 
elemental composition and mineralogy, 
measure the gravity field and investigate 
the interior structure, characterize any 
remnant magnetic field, and much more.

And, yet, that is still not all! Asteroid 
autumn will also see the one-year 
anniversary of the DART spacecraft’s 
astoundingly successful impact with 
Dimorphos on September 26, 2022. I still 
get an immense thrill watching the final 
series of images that took us right to the 
moment of impact. More importantly, in 
the year since impact, the DART team 
has confirmed that the orbital period of 
Dimorphos around its parent asteroid, 
Didymos, changed from 11 hours and 55 
minutes to 11 hours and 22 minutes — a 
whopping 33-minute change — because 
of DART’s impact. DART has showed us 
that the kinetic impactor technique — once 
only an idea for planetary defense — is 
a viable technique that could potentially 

be used to help protect Earth and 
humanity from a future asteroid threat. 
There are now several DART publications 
available (e.g., in a special issue of 
Nature) that document and discuss 
many aspects of the impact and its 
aftermath, with many more still to come.

Rounding out our asteroid autumn will 
be the first asteroid flyby of the Lucy 
spacecraft on November 1. Since 
launching in October 2021, Lucy 
successfully completed its first Earth 
gravity assist last October and is 
currently on a two-year heliocentric 
orbit that will bring it around for another 
Earth gravity assist next October. In 
the meantime, the flyby of asteroid 
Dinkinesh in the inner edge of the main 
asteroid belt in November will serve 
as a risk reduction and a test of Lucy’s 
autonomous terminal tracking system. 
Before heading out on its tour of the 
Trojan asteroids (asteroids orbiting the 
Sun at the same distance as Jupiter that 
are probably remnants of the primordial 
material that formed the outer planets), 
Lucy will make a flyby of a second main-
belt asteroid, Donaldjohanson, in April 
2025. All told, the Lucy spacecraft will 
be making flybys of 10 asteroids over 
a 12-year mission — an incredible feat.

I hope this has managed to whet your 
appetite for asteroid autumn and 
that you’ll find a way to share in the 
excitement of all these events. Go OREx! 
Go Psyche! Go Lucy! Go asteroids!
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An international team of researchers 
has used NASA’s James Webb Space 
Telescope (JWST) to calculate the 
amount of heat energy coming from the 
rocky exoplanet TRAPPIST-1 c.

The result suggests that the planet’s 
atmosphere, if it exists at all, is     
extremely thin.

With a dayside temperature of 
roughly 380 Kelvins (about 225 
degrees Fahrenheit), TRAPPIST-1 c 
is now the coolest rocky exoplanet 
ever characterized based on 
thermal emission. The precision 
necessary for these measurements 
further demonstrates JWST’s utility in 
characterizing rocky exoplanets similar 
in size and temperature to those in our 
own solar system.

The result marks another step in 
determining whether planets orbiting 
small red dwarfs like TRAPPIST-1 — 
the most common type of star in the 

galaxy — can sustain atmospheres 
needed to support life as we know it.

“We want to know if rocky planets have 
atmospheres or not,” said Sebastian 
Zieba, a graduate student at the Max 
Planck Institute for Astronomy in Germany 
and first author on results published 
June 19 in Nature. “In the past, we 
could only really study planets with 
thick, hydrogen-rich atmospheres. With 
JWST we can finally start to search for 
atmospheres dominated by oxygen, 
nitrogen, and carbon dioxide.”

“TRAPPIST-1 c is interesting because it’s 
basically a Venus twin: It’s about the 
same size as Venus and receives a similar 
amount of radiation from its host star as 
Venus gets from the Sun,” explained co-
author Laura Kreidberg, also from Max 
Planck. “We thought it could have a thick 
carbon dioxide atmosphere like Venus.”

TRAPPIST-1 c is one of seven rocky 
planets orbiting an ultracool red dwarf 

star (or M dwarf) 40 light-years from 
Earth. Although the planets are similar 
in size and mass to the inner, rocky 
planets in our own solar system, it is 
not clear whether they do in fact have 
similar atmospheres. During the first 
billion years of their lives, M dwarfs emit 
bright X-ray and ultraviolet radiation 
that can easily strip away a young 
planetary atmosphere. In addition, there 
may or may not have been enough 
water, carbon dioxide, and other 
volatiles available to make substantial 
atmospheres when the planets formed.

To address these questions, the team 
used JWST’s Mid-Infrared Instrument 
(MIRI) to observe the TRAPPIST-1 
system on four separate occasions as 
the planet moved behind the star, a 
phenomenon known as a secondary 
eclipse. By comparing the brightness 
when the planet is behind the star 
(starlight only) to the brightness when 
the planet is beside the star (light 
from the star and planet combined), 
the team was able to calculate the 
amount of mid-infrared light with 
wavelengths of 15 microns given 
off by the dayside of the planet.

This method is the same as that 
used by another research team to 
determine that TRAPPIST-1 b, the 
innermost planet in the system, is 
probably devoid of any atmosphere.

The amount of mid-infrared light emitted 
by a planet is directly related to its 
temperature, which is, in turn, influenced 
by its atmosphere. Carbon dioxide 
gas preferentially absorbs 15-micron 
light, making the planet appear 
dimmer at that wavelength. However, 
clouds can reflect light, making the 
planet appear brighter and masking 
the presence of carbon dioxide.

N E W S  F R O M  S P A C E

WEBB RULES OUT THICK CARBON DIOXIDE 
ATMOSPHERE FOR ROCKY EXOPLANET

This artist’s concept shows what the hot rocky exoplanet TRAPPIST-1 c could look like. JWST’s measurement of 
15-micron mid-infrared light emitted by TRAPPIST-1 c suggests that the planet has either a bare rocky surface or a 
very thin carbon dioxide atmosphere. Credit: NASA, ESA, CSA, Joseph Olmsted (STScI).
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N E WS FROM S PAC E

In addition, a substantial atmosphere 
of any composition will redistribute 
heat from the dayside to the nightside, 
causing the dayside temperature to 
be lower than it would be without an 
atmosphere. (Because TRAPPIST-1 c 
orbits so close to its star — about 1/50th 
the distance between Venus and the 
Sun — it is thought to be tidally locked, 
with one side in perpetual daylight 
and the other in endless darkness.)

Although these initial measurements do 
not provide definitive information about 
the nature of TRAPPIST-1 c, they do help 
narrow down the likely possibilities. “Our 
results are consistent with the planet 
being a bare rock with no atmosphere, 
or the planet having a really thin CO2 
atmosphere (thinner than on Earth or even 

Mars) with no clouds,” said Zieba. “If the 
planet had a thick CO2 atmosphere, we 
would have observed a really shallow 
secondary eclipse, or none at all. This is 
because the CO2 would be absorbing 
all of the 15-micron light, so we wouldn’t 
detect any coming from the planet.”

The data also show that it is unlikely the 
planet is a true Venus analog with a thick 
CO2 atmosphere and sulfuric acid clouds.

The absence of a thick atmosphere 
suggests that the planet may have 
formed with relatively little water. If the 
cooler, more temperate TRAPPIST-1 
planets formed under similar conditions, 
they too may have started with little 
of the water and other components 
necessary to make a planet habitable.

The sensitivity required to distinguish 
between various atmospheric scenarios 
on such a small planet so far away 
is truly remarkable. The decrease 
in brightness that JWST detected 
during the secondary eclipse was 
just 0.04%, equivalent to looking at a 
display of 10,000 tiny light bulbs and 
noticing that just four have gone out.

“It is extraordinary that we can measure 
this,” said Kreidberg. “There have been 
questions for decades now about whether 
rocky planets can keep atmospheres. 
Webb’s ability really brings us into a 
regime where we can start to compare 
exoplanet systems to our solar system 
in a way that we never have before.”

This research was conducted as part of 
JWST’s General Observers (GO) program 
2304, which is one of eight programs 
from JWST’s first year of science designed 
to help fully characterize the TRAPPIST-1 
system. This coming year, researchers 
will conduct a follow-up investigation to 
observe the full orbits of TRAPPIST-1 b and 
TRAPPIST-1 c. This will make it possible to 
see how the temperatures change from the 
day to the nightsides of the two planets 
and will provide further constraints on 
whether they have atmospheres or not.

Astronomers used NASA’s James Webb 
Space Telescope (JWST) to image the 
warm dust around a nearby young star, 
Fomalhaut, to study the first asteroid belt 
ever seen outside of our solar system in 
infrared light. But to their surprise, the 
dusty structures are much more complex 
than the asteroid and Kuiper dust belts of 
our solar system. Overall, there are three 
nested belts extending out to 23 billion 
kilometers (14 billion miles) from the star; 
that’s 150 times the distance of Earth from 
the Sun. The scale of the outermost belt 
is roughly twice the scale of our solar 
system’s Kuiper belt of small bodies and 

cold dust beyond Neptune. The inner 
belts, which had never been seen before, 
were revealed by JWST for the first time.

The belts encircle the young hot star, which 
can be seen with the naked eye as the 
brightest star in the southern constellation 
Piscis Austrinus. The dusty belts are the 
debris from collisions of larger bodies, 
analogous to asteroids and comets, and 
are frequently described as “debris 
disks.” “I would describe Fomalhaut 
as the archetype of debris disks found 
elsewhere in our galaxy, because it has 
components similar to those we have in 

our own planetary system,” said András 
Gáspár of the University of Arizona in 
Tucson and lead author of a new paper 
describing these results. “By looking at the 
patterns in these rings, we can actually 
start to make a little sketch of what a 
planetary system ought to look like — if 
we could actually take a deep enough 
picture to see the suspected planets.”

The Hubble Space Telescope and 
Herschel Space Observatory, as well 
as the Atacama Large Millimeter/
submillimeter Array (ALMA), have 
previously taken sharp images of the 

“TRAPPIST-1 c is interesting because 
it’s basically a Venus twin: It’s about 
the same size as Venus and receives a 
similar amount of radiation from its 
host star as Venus gets from the Sun.”

WEBB LOOKS FOR FOMALHAUT’S 
ASTEROID BELT AND FINDS MUCH MORE
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outermost belt. However, none of them 
found any structure interior to it. The inner 
belts have been resolved for the first 
time by JWST in infrared light. “Where 
Webb really excels is that we’re able to 
physically resolve the thermal glow from 
dust in those inner regions. So you can see 
inner belts that we could never see before,” 
said Schuyler Wolff, another member of 
the team at the University of Arizona.

Hubble, ALMA, and JWST are tag-
teaming to assemble a holistic view of 
the debris disks around a number of 
stars. “With Hubble and ALMA, we were 
able to image a bunch of Kuiper belt 
analogs, and we’ve learned loads about 
how outer disks form and evolve,” said 
Wolff. “But we need Webb to allow us 
to image a dozen or so asteroid belts 
elsewhere. We can learn just as much 
about the inner warm regions of these 
disks as Hubble and ALMA taught 
us about the colder outer regions.”

These belts most likely are carved by 
the gravitational forces produced by 
unseen planets. Similarly, inside our 
solar system, Jupiter corrals the asteroid 
belt, the inner edge of the Kuiper belt 
is sculpted by Neptune, and the outer 
edge could be shepherded by as-yet-
unseen bodies beyond it. As JWST 
images more systems, we will learn 
about the configurations of their planets.

Fomalhaut’s dust ring was discovered 
in 1983 in observations made by 
NASA’s Infrared Astronomical Satellite 
(IRAS). The existence of the ring has 
also been inferred from previous and 
longer-wavelength observations using 
submillimeter telescopes on Mauna Kea, 
Hawaii, NASA’s Spitzer Space Telescope, 
and Caltech’s Submillimeter Observatory.

“The belts around Fomalhaut are kind 
of a mystery novel: Where are the 
planets?” said George Rieke, another 
team member and U.S. science lead 
for JWST’s Mid-Infrared Instrument 
(MIRI), which made these observations. 

“I think it’s not a very big leap to say 
there’s probably a really interesting 
planetary system around the star.”

“We definitely didn’t expect the more 
complex structure with the second 

intermediate belt and then the broader 
asteroid belt,” added Wolff. “That 
structure is very exciting because any 
time an astronomer sees a gap and rings 
in a disk, they say, ‘There could be an 
embedded planet shaping the rings!’”

JWST also imaged what Gáspár dubs 
“the great dust cloud,” which may be 
evidence for a collision occurring in the 
outer ring between two protoplanetary 
bodies. This is a different feature from 
a suspected planet first seen inside 
the outer ring by Hubble in 2008. 
Subsequent Hubble observations 
showed that by 2014 the object had 
vanished. A plausible interpretation is 
that this newly discovered feature, like 
the earlier one, is an expanding cloud 
of very fine dust particles from two icy 
bodies that smashed into each other.

The idea of a protoplanetary disk around 
a star goes back to the late 1700s, when 
astronomers Immanuel Kant and Pierre-
Simon Laplace independently developed 
the theory that the Sun and planets formed 

from a rotating gas cloud that collapsed 
and flattened due to gravity. Debris disks 
develop later, following the formation of 
planets and dispersal of primordial gas in 
the systems. They show that small bodies 
like asteroids are colliding catastrophically 
and pulverizing their surfaces into 
huge clouds of dust and other debris. 
Observations of their dust provide unique 
clues to the structure of an exoplanetary 
system, reaching down to Earth-sized 
planets and even asteroids, which are 
much too small to see individually.

The team’s results are being published 
in the journal Nature Astronomy.

This image of the dusty debris disk surrounding the young star Fomalhaut is from JWST’s Mid-Infrared 
Instrument (MIRI). It reveals three nested belts extending out to 23 billion kilometers (14 billion miles) from the 
star. The inner belts were revealed by JWST for the first time. Credit: NASA, ESA, CSA, A. Gáspár (University of 
Arizona) (image processing by A. Pagan, STScI).
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With just a few weeks to go before 
its October 5 launch, NASA’s Psyche 
spacecraft is undergoing final 
preparations at Cape Canaveral, Florida. 
Teams of engineers and technicians are 
working almost around the clock to ensure 
the orbiter is ready to journey 4 billion 
kilometers (2.5 billion miles) to a metal-
rich asteroid that may tell us more about 
planetary cores and how planets form.

The mission team recently completed a 
comprehensive test campaign of the flight 
software and installed it on the spacecraft, 
clearing the hurdle that kept Psyche from 
making its original 2022 launch date.

“The team and I are now counting down 
the days to launch,” said Henry Stone, 
Psyche’s project manager at NASA’s Jet 
Propulsion Laboratory (JPL) in Southern 
California. “Our focus has shifted to 

safely completing the final 
mechanical closeout of the 
spacecraft and preparing 
the team for operations. The 
team is conducting numerous 
training activities to ensure that 
we are prepared and ready. 
It’s a very busy time, but 
everyone is very excited and 
looking forward to the launch.”

Psyche is set to launch atop 
a SpaceX Falcon Heavy (the 
first interplanetary launch 
for that rocket) from Space 

Launch Complex 39A at Kennedy Space 
Center at 10:38 a.m. EDT (7:38 a.m. 
PDT) on October 5, with additional 
opportunities scheduled through 
October 25. After escaping Earth’s 
gravity, the Psyche spacecraft will use 
solar electric propulsion to accomplish 
its six-year journey to asteroid Psyche.

Measuring about 279 kilometers 
(173 miles) at its widest point, the 
asteroid Psyche presents a unique 
opportunity to explore a metal-rich 
body that may be part of a core of 
a planetesimal, the building block of 
an early planet. Once the spacecraft 
reaches Psyche in the main asteroid 
belt between Mars and Jupiter, it will 
spend at least 26 months orbiting the 
asteroid, gathering images and other 
data that will tell scientists more about 
its history and what it is made of.

But first, a team of 30 or so engineers and 
technicians will wrap up the assembly, 
test, and launch operations phase of 
the mission. The team recently finished 
several weeks of functional testing of 
the science instruments as well as the 
spacecraft hardware and software.

After removing the last of the cables 
that snake around the hardware for 
testing, they’ll “close out” the spacecraft 
by reinstalling some exterior panels 
that had been removed for access and 
complete the thermal blanketing. Later 
in July, they will integrate and test the 
deployment of the enormous solar arrays. 
Then, in mid-August, a crew will begin 
slowly loading all 1,085 kilograms 
(2,392 pounds) of propellant — the 
neutral gas xenon — onto the spacecraft 
over the course of a couple weeks.

Luis Dominguez, the systems and 
electrical lead for assembly, test, and 
launch operations, is usually based at 
JPL but has been working full time at 
the Cape since early June. “We are 
moving forward,” he said, “and we’re 
confident that when we’re on the pad, 
we’ll be ready to hit the button. For all of 
us, we’ll be excited to launch this bird.”

NASA’S PSYCHE MISSION ENTERS 
HOME STRETCH BEFORE LAUNCH

NASA’S JUNO MISSION GETTING 
CLOSER TO JUPITER’S MOON IO

NASA’s Psyche spacecraft is shown in a clean room on June 26 at 
the Astrotech Space Operations facility near the agency’s Kennedy 
Space Center in Florida. Credit: NASA/Frank Michaux.

NASA’s Juno spacecraft flew past 
Jupiter’s volcanic moon Io on May 16 
and then the gas giant itself. The flyby 
of the jovian moon was the closest to 
date, at an altitude of about 35,500 
kilometers (22,060 miles). Now in the 
third year of its extended mission to 

investigate the interior of Jupiter, the 
solar-powered spacecraft will also 
explore the ring system where some of 
the gas giant’s inner moons reside.

To date, Juno has performed 50 flybys 
of Jupiter and collected data during 

close encounters with three of the 
four Galilean moons — the icy worlds 
Europa and Ganymede and fiery Io.

“Io is the most volcanic celestial body that 
we know of in our solar system,” said 
Scott Bolton, Juno principal investigator 
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from the Southwest Research Institute in 
San Antonio. “By observing it over time 
on multiple passes, we can watch how the 
volcanoes vary — how often they erupt, 
how bright and hot they are, whether 
they are linked to a group or solo, and 
if the shape of the lava flow changes.”

Slightly larger than Earth’s Moon, Io is 
a world in constant torment. Not only 
is the biggest planet in the solar system 
forever pulling at it gravitationally, but 
so are its Galilean siblings — Europa 
and the biggest moon in the solar 
system, Ganymede. The result is that Io 
is continuously stretched and squeezed, 
actions linked to the creation of the lava 
seen erupting from its many volcanoes.

While Juno was designed to study Jupiter, 
its many sensors have additionally 
provided a wealth of data on the 
planet’s moons. Along with its visible 
light imager JunoCam, the spacecraft’s 
Jovian InfraRed Auroral Mapper 
(JIRAM), Stellar Reference Unit (SRU), 
and Microwave Radiometer (MWR) 
will be studying Io’s volcanoes and how 
volcanic eruptions interact with Jupiter’s 
powerful magnetosphere and auroras.

“We are entering into another amazing 
part of Juno’s mission as we get closer 

and closer to Io with successive orbits. 
This 51st orbit will provide our closest look 
yet at this tortured moon,” said Bolton. 

“Our upcoming flybys in July and October 
will bring us even closer, leading up 
to our twin flyby encounters with Io in 
December of this year and February 
of next year, when we fly within 1,500 
kilometers of its surface. All of these 
flybys are providing spectacular views 
of the volcanic activity of this amazing 
moon. The data should be amazing.”

During its flybys of Jupiter, Juno 
has zoomed low over the planet’s 
cloud tops, as close as about 3,400 
kilometers (2,100 miles). Approaching 
the planet from over the north pole 
and exiting over the south during 
these flybys, the spacecraft uses its 
instruments to probe beneath the 
obscuring cloud cover, studying Jupiter’s 
interior and auroras to learn more 
about the planet’s origins, structure, 
atmosphere, and magnetosphere.

Juno has been orbiting Jupiter for more 
than 2,500 Earth days and flown over 
820 million kilometers (510 million miles). 
The spacecraft arrived at Jupiter on July 4, 
2016. The first science flyby occurred 53 
days later, and the spacecraft continued 
with that orbital period until its flyby 

of Ganymede on June 7, 2021, which 
reduced its orbital period to 43 days. The 
Europa flyby on September 29, 2022, 
reduced the orbital period to 38 days. 
After the two Io flybys on May 16 and 
July 31, Juno’s orbital period has remained 
fixed at 32 days.

“Io is only one of the celestial bodies 
which continue to come under Juno’s 
microscope during this extended 
mission,” said Juno’s acting project 
manager, Matthew Johnson of 
NASA’s Jet Propulsion Laboratory 
in Southern California. “As well as 
continuously changing our orbit to 
allow new perspectives of Jupiter 
and flying low over the nightside of 
the planet, the spacecraft will also 
be threading the needle between 
some of Jupiter’s rings to learn more 
about their origin and composition.”

“We are entering into 
another amazing part 
of Juno’s mission as we 
get closer and closer to 
Io with successive orbits. 
This 51st orbit will provide 
our closest look yet at this 
tortured moon.”

This JunoCam image of the jovian moon Io was 
collected during Juno’s flyby of the moon on March 1, 
2023. At the time of closest approach, Juno was about 
51,500 kilometers (32,000 miles) away from Io. Credit: 
NASA/JPL-Caltech/SwRI/MSSS (image processing by 
Kevin M. McGill).
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NASA SCIENTISTS MAKE FIRST OBSERVATION 
OF A POLAR CYCLONE ON URANUS

For the first time, NASA scientists have 
strong evidence of a polar cyclone 
on Uranus. By examining radio waves 
emitted from the ice giant, they detected 
the phenomenon at the planet’s north 
pole. The findings confirm a broad 
truth about all planets with substantial 
atmospheres in our solar system: Whether 
the planets are composed mainly of 
rock or gas, their atmospheres show 
signs of a swirling vortex at the poles.

Scientists have long known that Uranus’ 
south pole has a swirling feature. NASA’s 
Voyager 2 imaging of methane cloud 
tops there showed winds at the polar 
center spinning faster than over the 
rest of the pole. Voyager’s infrared 
measurements observed no temperature 
changes, but the new findings, published 
in Geophysical Research Letters, do.

Using huge radio antenna dishes of the 
Very Large Array in New Mexico, they 
peered below the ice giant’s clouds, 
determining that the circulating air at 
the north pole seems to be warmer 
and drier — the hallmarks of a strong 
cyclone. Collected in 2015, 2021, and 
2022, the observations went deeper into 
Uranus’ atmosphere than any before.

“These observations tell us a lot more 
about the story of Uranus. It’s a much 
more dynamic world than you might 
think,” said lead author Alex Akins 
of NASA’s Jet Propulsion Laboratory 
in Southern California. “It isn’t just 
a plain blue ball of gas. There’s a 
lot happening under the hood.”

Uranus is showing off more these 
days, thanks to the planet’s position in 
orbit. It’s a long haul around the solar 
system for this outer planet, taking 
84 years to complete a full lap, and 
for the last few decades the poles 
weren’t pointed toward Earth. Since 
about 2015, scientists have had a 
better view and have been able to look 
deeper into the polar atmosphere.

The cyclone on Uranus, compactly 
shaped with warm and dry air at its 
core, is much like those spotted by 
NASA’s Cassini at Saturn. With the 
new findings, cyclones (which rotate in 
the same direction their planet rotates) 
or anti-cyclones (which rotate in the 
opposite direction) have now been 
identified at the poles on every planet 
in our solar system except for Mercury, 
which has no substantial atmosphere.

But unlike hurricanes on Earth, cyclones 
on Uranus and Saturn aren’t formed 
over water (neither planet is known 
to have liquid water), and they don’t 
drift; they’re locked at the poles. 
Researchers will be watching closely to 
see how this newly discovered Uranus 
cyclone evolves in the coming years.

“Does the warm core we observed 
represent the same high-speed 
circulation seen by Voyager?” Akins 
asked. “Or are there stacked cyclones 
in Uranus’ atmosphere? The fact that 
we’re still finding out such simple 
things about how Uranus’ atmosphere 
works really gets me excited to find out 
more about this mysterious planet.”

The National Academies’ 2023 
Planetary Science and Astrobiology 
Decadal Survey prioritized exploring 
Uranus. In preparation for such a 
mission, planetary scientists are focused 
on bolstering their knowledge about 
the mysterious ice giant’s system.

NASA scientists used microwave observations to spot the first polar cyclone on Uranus, seen here as a light-colored dot to the right of center in each image of the planet. The 
images use wavelength bands K, Ka, and Q, from left. To highlight cyclone features, a different color map was used for each. Credit: NASA/JPL-Caltech/VLA.
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NASA RETIRES MINERAL MAPPING 
INSTRUMENT ON MARS ORBITER

NASA switched off one of its oldest 
instruments studying Mars on April 
3, a step that’s been planned since 
last year. Riding on board NASA’s 
Mars Reconnaissance Orbiter 
(MRO), the Compact Reconnaissance 
Imaging Spectrometer for Mars, or 
CRISM, revealed minerals such as 
clays, hematite (otherwise known as 
iron oxide), and sulfates across the 
Red Planet’s surface for 17 years.

Led by Johns Hopkins University’s 
Applied Physics Laboratory (APL) in 
Laurel, Maryland, CRISM produced high-
resolution mineral maps crucial in helping 
scientists understand how lakes, streams, 

and groundwater shaped the planet billions 
of years ago. The instrument’s two detectors 
saw in visible and infrared light, spotting 
the chemical fingerprints, or spectra, of 
minerals that form in the presence of water.

“Shutting down CRISM marks the end 
of an era for us,” said Rich Zurek, 
MRO’s project scientist at NASA’s Jet 
Propulsion Laboratory, which manages 
the mission. “It’s revealed where and 
how water transformed ancient Mars. 
The CRISM data products will be mined 
by scientists for years to come.”

NASA has also relied on CRISM maps 
to figure out where the most scientifically 

interesting landing sites are, as 
with Gale Crater, which Curiosity 
has been exploring since 2012, 
and Jezero Crater, where NASA’s 
Perseverance rover recently 
collected its 19th sample.

To study infrared light, which is 
radiated by warm objects and 
is invisible to the human eye, 
CRISM relied on cryocoolers to 
isolate one of its spectrometers 
from the warmth of the spacecraft. 
Three cryocoolers were used 
in succession, and the last 
completed its lifecycle in 2017.

The CRISM team then looked for 
ways to continue producing data 
without the use of cryocoolers, 
deciding to create two new 
nearly global maps. The first of 
these relied on data previously 

collected by the infrared spectrometer 
and by the second spectrometer on 
the instrument, which viewed a more 
limited range of minerals in visible 
and near-infrared light. This first map 
of water-related minerals, containing 
5.6 gigapixels, has a spatial resolution 
of 180 meters (600 feet) per pixel and 
covers 86% of Mars. Scientists began 
releasing it in sections last year.

For the second map, CRISM’s remaining 
spectrometer gathered data at an even 
higher spatial resolution (90 meters, 
or 300 feet per pixel). This map is 
slated to be released in September.

“With these new maps, researchers can 
easily tie mineral deposits observed in 
high-resolution images to regional scale 
trends, landscape features, and geology,” 
said Kim Seelos, CRISM’s deputy principal 
investigator at APL. “Even though the 
CRISM investigation is formally coming 
to a close, I hope and expect to see 
many future scientists taking advantage 
of CRISM data for their research.”

CRISM data were superimposed onto an image of Mars’ Alga Crater captured by another MRO instrument, HiRISE. Each 
color represents a different material: blue for pyroxene, red for olivine, and green for impact glass, which forms in the heat of a 
violent impact that excavates a crater. Credit: NASA/JPL-Caltech/JHUAPL/Univ. of Arizona.

“With these new maps, researchers 
can easily tie mineral deposits 
observed in high-resolution images 
to regional scale trends, landscape 
features, and geology.”
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NASA INSIGHT STUDY PROVIDES CLEAREST 
LOOK EVER AT MARTIAN CORE

While NASA retired its InSight Mars 
lander in December, the trove of data 
from its seismometer will be pored over for 
decades to come. By looking at seismic 
waves the instrument detected from a pair 
of temblors in 2021, scientists have been 
able to deduce that Mars’ liquid iron core is 
smaller and denser than previously thought.

The findings, which mark the first direct 
observations ever made of another planet’s 
core, were detailed in a paper published 
April 24 in the Proceedings of the National 
Academies of Sciences. Occurring on 
August 25 and September 18, 2021, the 
two temblors were the first identified by 
the InSight team to have originated on 
the opposite side of the planet from the 
lander, making them so-called farside 
quakes. The distance proved crucial: The 
farther a quake happens from InSight, the 
deeper into the planet its seismic waves 
can travel before being detected.

“We needed both luck and skill to find, and 
then use, these quakes,” said lead author 
Jessica Irving, an Earth scientist at the 
University of Bristol in the United Kingdom. 

“Farside quakes are intrinsically harder to 

detect because a great deal 
of energy is lost or diverted 
away as seismic waves 
travel through the planet.”

Irving noted that the two 
quakes occurred after the 
mission had been operating 
on the Red Planet for well over 
a full martian year (about 
two Earth years), meaning 
the Marsquake Service — the 
scientists who initially scrutinize 
seismographs — had already 
honed their skills. It also helped 
that a meteoroid impact 
caused one of the two quakes; 
impacts provide a precise 
location and more accurate 
data for a seismologist to 
work with. (Because Mars 
has no tectonic plates, most 

marsquakes are caused by faults, or rock 
fractures, that form in the planet’s crust 
due to heat and stress.) The quakes’ size 
was also a factor in the detections.

“These two farside quakes were among the 
larger ones heard by InSight,” said Bruce 
Banerdt, InSight’s principal investigator 

at NASA’s Jet Propulsion Laboratory in 
Southern California. “If they hadn’t been 
so big, we couldn’t have detected them.”

One of the challenges in detecting these 
particular quakes was that they’re in 
a “shadow zone,” a part of the planet 
from which seismic waves tend to be 
refracted away from InSight, making 

it hard for a quake’s echo to reach the 
lander unless it is very large. Detecting 
seismic waves that cross through a shadow 
zone is exceptionally difficult; it’s all the 
more impressive that the InSight team 
did so using just the one seismometer 
they had on Mars. (In contrast, many 
seismometers are distributed on Earth.)

“It took a lot of seismological expertise 
from across the InSight team to tease the 
signals out from the complex seismograms 
recorded by the lander,” Irving said.

A previous paper that offered a first 
glimpse of the planet’s core relied on 
seismic waves that reflected off its outer 
boundary, providing less precise data. 
Detecting seismic waves that actually 
travel through the core allows scientists to 
refine their models of what the core looks 
like. Based on the findings documented 
in the new paper, about a fifth of the 
core is composed of elements such as 
sulfur, oxygen, carbon, and hydrogen.

“Determining the amount of these elements 
in a planetary core is important for 
understanding the conditions in our solar 
system when planets were forming and 

how these conditions affected the planets 
that formed,” said one of the paper’s 
co-authors, Doyeon Kim of ETH Zurich.

That was always the central goal of 
InSight’s mission: to study the deep 
interior of Mars and help scientists 
understand how all rocky worlds 
form, including Earth and the Moon.

This is one of the last images ever taken by NASA’s InSight Mars 
lander. Captured on December 11, 2022, the 1,436th martian 
day, or sol, of the mission, it shows InSight’s seismometer on the Red 
Planet’s surface. Credit: NASA/JPL-Caltech.

“Based on the findings documented in 
the new paper, about a fifth of the core 
is composed of elements such as sulfur, 
oxygen, carbon, and hydrogen.”
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NASA CALLS END TO LUNAR FLASHLIGHT 
AFTER SOME TECHNICAL SUCCESSES

NASA’s Lunar Flashlight launched on 
December 11, 2022, to demonstrate 
several new technologies, with an 
ultimate goal to seek out surface ice in 
the permanently shadowed craters of 
the Moon’s south pole. Since then, the 
briefcase-size satellite’s miniaturized 
propulsion system — the first of its 
kind ever flown — proved unable to 
generate enough thrust to get into lunar 
orbit despite months of effort by the 
operations team. Because the CubeSat 
could not complete maneuvers to 
stay in the Earth-Moon system, NASA 
has called an end to the mission.

NASA relies on technology demonstrations 
to fill specific knowledge gaps and to test 
new technologies. Used for the first time 
beyond Earth’s orbit, Lunar Flashlight’s 
propulsion system and green fuel were such 
demonstrations. Although the propulsion 
system was unable to produce the 
desired thrust — likely because of debris 
buildup in the thruster fuel lines — newly 
developed propulsion system components 
exceeded performance expectations.

Also surpassing expectations were Lunar 
Flashlight’s never-before-flown Sphinx 

flight computer, a low-power computer 
developed by NASA’s Jet Propulsion 
Laboratory (JPL) in Southern California 
to withstand the radiation of deep space, 
and the spacecraft’s upgraded Iris radio. 
Featuring a new precision navigation 
capability, the radio can be used by 
future small spacecraft to rendezvous 
and land on solar system bodies.

“Technology demonstrations are, by 
their nature, higher risk and high 
reward, and they’re essential for NASA 
to test and learn,” said Christopher 
Baker, program executive for Small 
Spacecraft Technology in the Space 
Technology Mission Directorate at 
NASA Headquarters in Washington. 

“Lunar Flashlight was highly successful 
from the standpoint of being a testbed 
for new systems that had never flown 
in space before. Those systems, and 
the lessons Lunar Flashlight taught 
us, will be used for future missions.”

The mission’s miniaturized four-laser 
reflectometer, a science instrument that 
had also never flown before, tested 
successfully, giving the mission’s 
science team confidence that the laser 

would have been able to detect ice if 
it were present at the lunar surface.

“It’s disappointing for the science team, and 
for the whole Lunar Flashlight team, that we 
won’t be able to use our laser reflectometer 
to make measurements at the Moon,” said 
Barbara Cohen, the mission’s principal 
investigator at NASA’s Goddard Space 
Flight Center in Greenbelt, Maryland. “But 
like all the other systems, we collected a 
lot of in-flight performance data on the 
instrument that will be incredibly valuable 
to future iterations of this technique.”

Despite the mission’s technological wins, 
Lunar Flashlight’s miniaturized propulsion 
system struggled to provide sufficient 
thrust to put the CubeSat on course for 
the planned near-rectilinear halo orbit 
that would have given the spacecraft 
weekly flybys of the Moon’s south pole.

The team suspects that debris obstructed 
the fuel lines, causing the diminished 
and inconsistent thrust. The miniaturized 
propulsion system included an additively 
manufactured fuel feed system that likely 
developed the debris, such as metal 
powder or shavings, and obstructed 
fuel flow to the thrusters, limiting their 
performance. Although the team devised 
a creative method for using just one 
thruster to maneuver the spacecraft, 
Lunar Flashlight needed more consistent 
thrust to reach its planned orbit.

The operations team calculated a new 
orbit that could be reached using the 
spacecraft’s small amount of potential 
remaining thrust. The plan called for 
putting the CubeSat on a path that would 
place it in orbit around Earth rather 
than the Moon, with monthly flybys of 
the lunar south pole. While this would 
have meant fewer flybys, the spacecraft 
would have flown closer to the surface.

With the mission running out of time to 
arrive at the needed orbit, the operations 
team tried to dislodge any debris from the 

This illustration depicts NASA’s Lunar Flashlight, with its four solar arrays deployed, shortly after launch in 
December. Soon after, the briefcase-size CubeSat experienced thruster issues that prompted months of 
troubleshooting efforts by the mission’s operations team. Credit: NASA/JPL-Caltech.
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fuel lines by increasing the fuel pressure 
well beyond the propulsion system’s 
designed capacity. Despite limited 
success, the required trajectory correction 
maneuvers couldn’t be completed in time.

“The student operations team at Georgia 
Tech, with assistance from JPL and NASA’s 
Marshall Space Flight Center, rose to 
the challenge and came up with an 
incredible array of inventive techniques 
to utilize what tiny amount of thrust Lunar 
Flashlight’s propulsion system could 

deliver,” said John Baker, Lunar Flashlight 
project manager at JPL. “We learned a lot 
and honed new methods and strategies 
for working with tiny spacecraft.”

After having traveled out past the Moon, 
Lunar Flashlight moved back toward 
Earth and flew past our planet with 
a close approach of about 65,000 
kilometers (40,000 miles) on May 17. 
The CubeSat will now continue into deep 
space and orbit the Sun. It continues to 
communicate with mission operators, and 

NASA is weighing options for the future 
of the spacecraft.

CAUGHT IN THE ACT: 
Astronomers Detect a Star Devouring a Planet
A study published in May in the journal 
Nature documents the first observation of 
an aging star swallowing a planet. After 
running out of fuel in its core, the star 
began to grow, shrinking the gap with its 
neighboring planet, eventually consuming 
it entirely. In about 5 billion years, our Sun 
will go through a similar aging process, 
possibly reaching 100 times its current 
diameter and becoming what is known as 
a red giant. During that growth spurt, it will 
absorb Mercury, Venus, and possibly Earth.

Astronomers have identified many 
red giant stars and suspected that 
in some cases they consume nearby 
planets, but the phenomenon had never 
been directly observed before. “This 
type of event has been predicted for 
decades, but until now we have never 
actually observed how this process plays 
out,” said Kishalay De, an astronomer at 
the Massachusetts Institute of Technology 
in Cambridge and the study’s lead author.

Researchers discovered the event, formally 
called ZTF SLRN-2020, using multiple 
ground-based observatories and NASA’s 
Near-Earth Object Wide-Field Infrared 
Survey Explorer (NEOWISE) spacecraft, 
which is managed by the agency’s Jet 
Propulsion Laboratory. The planet was 
likely about the size of Jupiter, with an orbit 
even closer to its star than Mercury’s is to 
our Sun. The star is at the beginning of the 

final phase of its life, its red giant phase, 
which can last more than 100,000 years.

As the star expanded, its outer atmosphere 
eventually surrounded the planet. Drag 
from the atmosphere slowed the planet 
down, shrinking its orbit and eventually 
sending it below the star’s visible surface, 
like a meteor burning up in Earth’s 
atmosphere. The transfer of energy 
caused the star to temporarily increase 
in size and become a few hundred times 
brighter. Recent observations show the 
star has returned to the size and brightness 
it was before merging with the planet.

The flash of optical light (visible to the 
human eye) after the planet’s demise 
showed up in observations by the Caltech-
led Zwicky Transient Facility (ZTF), an 
instrument based at Palomar Observatory 
in Southern California that looks for cosmic 
events that change in brightness rapidly, 
sometimes in a matter of hours. De was 
using ZTF to search for events called novae. 
Novae occur when a dead, collapsed star 
(known as a white dwarf) cannibalizes 
hot gas from another nearby star. Novae 
are always surrounded by flows of hot gas, 
but follow-up observations of the flash by 
other ground-based telescopes showed 

This artist’s concept shows a planet gradually spiraling into its host star. The Jupiter-size planet pulls gas away 
from the star, sending it into space. There, the gas cools and becomes dust, which is visible to astronomers. Credit: 
R. Hurt and K. Miller (Caltech/IPAC).
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much cooler gas and dust surrounding 
the star, meaning it didn’t look like a nova 
or anything else De had ever seen.

So he turned to the NEOWISE observatory, 
which scans the entire sky in infrared 
light (a range of wavelengths longer 
than visible light) every six months. 
Launched in 2009 and originally called 
WISE for Wide-field Infrared Survey 
Explorer, the observatory produces 
all-sky maps that enable astronomers 
to see how objects change over time.

Looking at the NEOWISE data, De 
saw that the star brightened almost a 
year before ZTF spotted the flash. That 
brightening was evidence of dust (which 
emits infrared light) forming around the 
star. De and his colleagues think the dust 
indicates that the planet didn’t go down 
without a fight and that it pulled hot gas 
away from the puffy star’s surface as 
it spiraled toward its doom. As the gas 
drifted out into space, it would have 
cooled and become dust, like water vapor 
becoming snow. Even more gas was then 
flung into space during the collision of 

the star and the planet, producing more 
dust visible to both the ground-based 
infrared observatories and NEOWISE.

“Very few things in the universe brighten in 
infrared light and then brighten in optical 
light at different times,” said De. “So the 
fact that NEOWISE saw the star brighten 
a year before the optical eruption was 
critical to figuring out what this event was.”

Five billion years from now, when our 
Sun is expected to become a red giant, 
swallowing up Mercury, Venus, and 
possibly Earth, the light show should be 
much more subdued, according to De, 
since those planets are many times smaller 
than the Jupiter-size planet in the ZTF-
captured event.

“If I were an observer looking at the solar 
system 5 billion years from now, I might 
see the Sun brighten a little, but nothing 
as dramatic as this, even though it will be 
the exact same physics at work,” he said.

Most mid-size stars will eventually become 
red giants, and theorists think that a handful 

of them consume nearby planets each 
year in our galaxy. The new observations 
provide astronomers with a template 
for what those events should look like, 
opening the possibility of finding more.

“This discovery shows that it’s worthwhile 
to take observations of the entire sky and 
archive them, because we don’t yet know 
all of the interesting events we might be 
capturing,” said Joe Masiero, deputy 
principal investigator for NEOWISE at the 
Infrared Processing and Analysis Center at 
Caltech. “With the NEOWISE archive, we 
can look back in time. We can find hidden 
treasures or learn something about an 
object that no other observatory can tell us.”

Launched in 2009, the WISE mission 
scanned the entire sky twice in infrared 
light, snapping pictures of three-quarters 
of a billion objects, including remote 
galaxies, stars, and asteroids. The WISE 
mission concluded in 2011, but two years 
later, NASA repurposed the spacecraft 
to track asteroids and other near-Earth 
objects, or NEOs. Both the mission and 
the spacecraft were renamed NEOWISE.

IMAGES FROM NASA’S 
PERSEVERANCE MAY SHOW 
RECORD OF WILD MARTIAN RIVER

New images taken by NASA’s 
Perseverance rover may show signs of what 
was once a rollicking river on Mars, one 

that was deeper and faster moving than 
scientists have ever seen evidence for in 
the past. The river was part of a network of 

waterways that flowed into Jezero Crater, 
the area the rover has been exploring 
since landing more than two years ago.

Understanding these watery environments 
could help scientists in their efforts to seek 
out signs of ancient microbial life that may 
have been preserved in martian rock.

Perseverance is exploring the top of a 
fan-shaped pile of sedimentary rock 
that stands 250 meters (820 feet) tall 
and features curving layers suggestive 
of flowing water. One question scientists 
want to answer is whether that water 
flowed in relatively shallow streams — 
closer to what NASA’s Curiosity rover has 
found evidence of in Gale Crater — or in 
a more powerful river system.

Scientists think that these bands of rocks may have been formed by a very fast, deep river — the first-of-its-
kind evidence has been found on Mars. NASA’s Perseverance Mars rover captured this scene at a location 
nicknamed “Skrinkle Haven” using its Mastcam-Z camera between February 28 and March 9, 2023. Credit: 
NASA/JPL-Caltech/ASU/MSSS.
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Stitched together from hundreds of images 
captured by Perseverance’s Mastcam-Z 
instrument, two new mosaics suggest 
the latter, revealing important clues: 
coarse sediment grains and cobbles.

“Those indicate a high-energy river that’s 
truckin’ and carrying a lot of debris. The 
more powerful the flow of water, the more 
easily it’s able to move larger pieces of 
material,” said Libby Ives, a postdoctoral 
researcher at NASA’s Jet Propulsion 
Laboratory (JPL) in Southern California, 
which operates the Perseverance rover. 
With a background in studying Earth-
based rivers, Ives has spent the last six 
months analyzing images of the Red 
Planet’s surface. “It’s been a delight to 
look at rocks on another planet and see 
processes that are so familiar,” Ives said.

Years ago, scientists noticed a series of 
curving bands of layered rock within 
Jezero Crater that they dubbed “the 
curvilinear unit.” They could see these 
layers from space but are finally able to 
see them up close, thanks to Perseverance.

One location within the curvilinear unit 
nicknamed “Skrinkle Haven” is captured 
in one of the new Mastcam-Z mosaics. 
Scientists are sure the curved layers here 
were formed by powerfully flowing water, 
but Mastcam-Z’s detailed shots have left 
them debating what kind: a river such as 
the Mississippi, which winds snakelike 
across the landscape, or a braided river 
like Nebraska’s Platte, which forms small 
islands of sediment called sandbars.

When viewed from the ground, the curved 
layers appear arranged in rows that 

ripple out across the landscape. They 
could be the remnants of a river’s banks 
that shifted over time or the remnants 
of sandbars that formed in the river. The 
layers were likely much taller in the past. 
Scientists suspect that after these piles 
of sediment turned to rock, they were 
sandblasted by wind over the eons and 
carved down to their current size.

“The wind has acted like a scalpel that 
has cut the tops off these deposits,” 
said Michael Lamb of Caltech, a river 
specialist and Perseverance science team 
collaborator. “We do see deposits like this 
on Earth, but they’re never as well exposed 
as they are here on Mars. Earth is covered 
in vegetation that hides these layers.”

A second mosaic captured by 
Perseverance shows a separate location 
that is part of the curvilinear unit and 
about 450 meters (a quarter mile) 
from Skrinkle Haven. “Pinestand” is an 
isolated hill bearing sedimentary layers 
that curve skyward, some as high as 20 
meters (66 feet). Scientists think these 
tall layers may also have been formed 
by a powerful river, although they’re 
exploring other explanations as well.

“These layers are anomalously tall for rivers 
on Earth,” Ives said. “But at the same time, 
the most common way to create these 
kinds of landforms would be a river.”

The team is continuing to study Mastcam-
Z’s images for additional clues. They’re 
also peering below the surface using 
the ground-penetrating radar instrument 
on Perseverance called RIMFAX, short 
for Radar Imager for Mars’ Subsurface 

Experiment. What they learn from 
both instruments will contribute to an 
ever-expanding body of knowledge 
about Mars’ ancient, watery past.

“What’s exciting here is we’ve entered a 
new phase of Jezero’s history. And it’s the 
first time we’re seeing environments like 
this on Mars. We’re thinking about rivers 
on a different scale than we have before,” 
said Katie Stack Morgan, Perseverance’s 
deputy project scientist at JPL.

A key objective for Perseverance’s mission 
on Mars is astrobiology, including the 
search for signs of ancient microbial 
life. The rover will characterize the 
planet’s geology and past climate, pave 
the way for human exploration of the 
Red Planet, and be the first mission to 
collect and cache martian rock and 
regolith (broken rock and dust).

Subsequent NASA missions, in cooperation 
with the European Space Agency, would 
send spacecraft to Mars to collect these 
sealed samples from the surface and 
return them to Earth for in-depth analysis.

The Mars 2020 Perseverance mission 
is part of NASA’s Moon to Mars 
exploration approach, which includes 
Artemis missions to the Moon that will help 
prepare for human exploration of Mars.
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NASA AWARDS $5 MILLION TO 
WOMEN’S COLLEGES TACKLING 
STEM GENDER GAP

As part of a Biden/Harris initiative, 
NASA will award more than $5 
million in funding to seven Women’s 
Colleges and Universities (WCUs) 
to research and develop strategies 
that increase retention of women in 
STEM degree programs and careers.

The agency’s Minority University 
Research and Education Project (MUREP) 
created the Women’s Colleges and 
Universities opportunity to help women 
overcome obstacles and barriers 
to working in the fields of science, 
technology, engineering, and math.

This award seeks to address the 
significant national gender gap and 
disparate experiences of women in 

STEM in the United States, both in 
higher education and the workforce.

Created in response to the White House 
Executive Order 14035 “Diversity, Equity, 
Inclusion, and Accessibility in the Federal 
Workforce,” this funding opportunity 
asked Women’s Colleges and 
Universities to take advantage of their 
expertise by developing programs that 
encompass academics, research, student 
support, college prep, career prep, 
mentoring, and more. NASA explores 
the unknown for all, and values diversity, 
equity, inclusion, and accessibility for 
the future STEM and agency workforce.

The gender gap is reflected in education 
and workforce data. Women earn 59% 

of undergraduate degrees compared 
to 41% of men, but only 10% of 
women’s degrees are in a STEM field 
as stated by the National Center of 
Education Statistics. This pattern follows 
women into the workplace, where they 
represent about 47% of the workforce, 
but only 27% of STEM jobs as stated 
by the U.S. Census Bureau. Among 
women of color in STEM, fewer than 
one in 20 are scientists and engineers. 
At NASA, 26% of the agency’s 
scientists and engineers are women.

These programs were developed to 
factor in gender, race, sexual orientation, 
socio-economic status, and other 
identities that can play a role in students’ 
career trajectories. Each awardee 
also will provide a guidebook of data, 
instructions, and best practices to serve 
as a blueprint for other Minority-Serving 
Institutions and Women’s Colleges 
seeking to create similar programs.

The selected institutions and their proposed 
projects are:

• Agnes Scott College, Decatur, 
Georgia: Alumnae Network & Career 
Resources Program – STEM Support 
Anchored at Agnes Scott College

• Alverno College, Milwaukee 
Wisconsin: Alverno College 

“Launching the Future”: An 
Intersectional Approach to Boosting 
Recruitment and Retention of Women 
in STEM Undergraduate Education

• Cedar Crest College, Allentown, 
Pennsylvania: TOWERS – 

An audience member asks a question at the Engaging Women and Girls in STEM through Data Science event 
on Wednesday, June 15, 2016, at NASA Headquarters in Washington. The event was held as part of the White 
House’s United State of Women Summit. Credit: NASA/Aubrey Gemignani.
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Tackling Obstacles for Women’s 
Engagement & Retention in 
STEM at Cedar Crest College

• College of Saint Mary, Omaha, 
Nebraska: Project BLOOM for 
Women in STEM – Bolstering Learning, 
Opportunities, Outreach, and 
Mindfulness

• Salem Academy and College, 
Winston-Salem, North Carolina: 

Soar With Salem: A Comprehensive 
Program to Inspire Women and Girls 
to Become the Next Generation of 
STEM Professionals

• Simmons University, Boston, 
Massachusetts: DREAM-
WSTEM (Dynamic Research 
Education Academy for 
Mentoring Women in STEM)

• Smith College, Northampton, 

Massachusetts: Developing a 
Pathway to MaRS (Math Resilient 
Students) in STEM: A Cascading 
Mentorship Model

MUREP is administered by NASA’s 
Office of STEM Engagement (OSTEM), 
which creates opportunities for 
students to contribute to the agency’s 
work and grow their confidence in 
STEM. For more information about 
OSTEM, visit stem.nasa.gov.

NASA, WHITE HOUSE ADVANCE 
HISTORICALLY BLACK SCHOLAR 
RECOGNITION

NASA and the Department of Education, 
in support of STEM and diversity, 
equity, inclusion, and accessibility 
initiatives, are hosting a competition to 
engage students at Historically Black 
Colleges and Universities (HBCUs), 
ultimately bringing diverse talent 
into the future science, technology, 
engineering, and mathematics pipeline.

Modeled from another NASA STEM 
activity, students will participate 

in a Space Tank Pitch Competition 
hackathon at the National HBCU 
Week Conference in September. The 
conference, which features an HBCU 
Scholar Recognition Program, is hosted 
by the Department of Education.

This is the third competition hosted by 
the two agencies in support of the 
White House Initiative on Advancing 
Educational Equity, Excellence, 
and Economic Opportunity.

Since 2014, NASA has helped provided 
HBCU scholars with a compelling 
program with access to NASA STEM 
networks and resources. It is one of 
many elements in NASA’s expansive 
relationship with the White House, 
including a strategic plan in response 
to the HBCU Partners Act of 2020.

NASA’s student hackathon will 
concentrate on using the agency’s 
technologies to enhance HBCU 
communities. The hackathon is a modified 
version of the full Innovation and Tech 
Transfer Idea Competition (MITTIC) 
that takes place each fall and spring 
semester at NASA’s Johnson Space 
Center in Houston. The scholars are 
placed into predetermined teams and 
select a goal to address using a NASA 
technology. The teams then pitch their 
concepts to a panel of subject matter 
experts. The winning team will join the 
winners of the fall and spring Space 
Tank Pitch Competitions at NASA’s Ames 
Research Center in Silicon Valley.

During HBCU week, the scholars also 
will tour NASA’s Goddard Space 
Flight Center in Greenbelt, Maryland, 
and take part in a special viewing of 
NASA’s “Color of Space” documentary 

Credit: NASA.
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highlighting the life stories of seven 
current and former black astronauts.

Through the HBCU Scholar Recognition 
Program, the White House initiative 
annually recognizes students from 
HBCUs for their accomplishments 
in academics, leadership, and civic 
engagement. Over the course of an 
academic school year, HBCU scholars 

participate in professional development 
through monthly classes and have 
access to a network of public and 
private partners such as NASA, which 
has helped increase participation 
in and awareness of the program.

Through their relationships with NASA, 
community-based organizations, and 
other public and private partners, 

HBCU scholars will also share 
promising and proven practices 
that support opportunities for all 
young people to achieve their 
educational and career potential.

To learn more about MUREP and the 
Mini MITTIC Challenge, visit www.nasa.
gov/stem/murep/projects/mittic.html.

College students from Texas and 
Massachusetts were named senior 
and underclassmen grand champions, 
respectively, in the Minority University 
Research and Education Project’s 
(MUREP) 2023 NASA MINDS 
competition. Retired NASA astronaut 
Winston Scott presented at the 
virtual awards ceremony for NASA 
MINDS, which stands for MUREP 
Innovative New Designs for Space.

Taking home the senior title was the 
University of North Texas’ “Send 
That Rover Over,” focusing on 
artificial intelligence-operated swarm 
robots called Small Homogeneous 
Landing Field Handlers, or SHLFH 
(pronounced shelf). The SHLFH 
rovers provide analysis on landing 
fields by using a statistical method 
to locate the safest landing field 
from multiple potential options.

Bunker Hill 
Community College’s 

“The Gaia Initiative” 
was the winner in 
the underclassmen 
category. Their 
invention analyzes 
the Moringa 
Oleifera plant – 
using an automated 
system to maintain 
it – to produce 
a nutritious and 
resilient food 
source with a short 

sow-to-harvest timeline. Collecting 
such data would assist in advancing 
food resources that will benefit 
future human space travelers.

The winning teams received a 
complimentary trip to NASA’s Kennedy 
Space Center in Florida for behind-
the-scenes tours with experts, as 
well as a full day at the Kennedy 
Space Center Visitor Complex.

Forty teams representing 34 minority-
serving institutions – including seven two-
year schools – from 14 states participated 
in this year’s third annual challenge. Led by 
a faculty advisor, each team was tasked 
with designing and building technologies 
needed for NASA’s Artemis missions. The 
teams received $1,500 to be used in 
the build of their design, and the faculty 
received a $1,000 stipend. The multi-
semester competition is funded by MUREP.

NASA judges selected 14 teams (nine 
senior and five underclassmen) for the 
finalist round, held May 9-10. There, 
teams were able to demonstrate their 
hardware during a live, 20-minute 
virtual presentation. At each 
presentation conclusion, judges asked 
questions and then briefly convened. 
The two grand champions, along with 
second- and third-place finishers, were 
announced May 12.

For many of the participants, it was their 
first time working in a team environment 
as part of a space-related project.

NASA MINDS is the creation of 
Theresa Martinez, a project manager 
at Kennedy. Martinez, who has been 
involved in other student-involved 
events at the center, geared the 
competition toward Artemis, but 
kept the technology wide open.

“It’s a broad-based approach,” Martinez 
explained. “The thought is, ‘Come 
to us with your brilliant ideas.’ I 
wanted to let the creativity flow.”

Martinez knew that NASA competitions 
traditionally are well received by 
minority-serving institutions. Keeping 
this in mind, she set up the format in a 
way that would not exclude schools 
that faced fundraising challenges.

These efforts produced a multiplicity 
of quality projects for NASA judges 

COLLEGE STUDENTS PROVE THEY HAVE 
‘MINDS’ FOR NASA COMPETITION

Retired NASA astronaut Winston Scott, right, presents the NASA MINDS senior 
division championship trophy to the University of North Texas team during a 
virtual ceremony held on May 12, 2023. Credit: NASA.
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to review, including dust mitigation, 
multiple robot and rover designs, 
solar arrays, food sustainability, 
artificial intelligence, and 3D printing 
using a variety of materials.

Martinez knows firsthand about the 
power of opportunity. She was the 

first Hispanic female engineer hired 
at Kennedy. She also was the first in 
her family to earn a four-year degree, 
taking an unorthodox route to college 
graduation at age 29. From her 
current role in NASA’s Office of STEM 
Engagement, she often discusses her 
background with minority students.

For more information on NASA MINDS, 
visit https://nasaminds.org/2023-
nasa-minds-rules-and-rubrics/.

The 2023 GEM Annual Board Meeting and 
Conference will be held September 14-16, 
2023, in Philadelphia, PA.

The GEM Annual Conference 
provides a wealth of resources for 
everyone – networking opportunities, 

career options, and 
coaching, information 
on innovations and 
advancements in 
STEM, and the many 
benefits of being a part 
of the GEM Family.

The Annual Conference 
embodies all aspects 
of scientific excellence! 
You’ll find vetted 
and proven applied 
scientists and engineers, 
universities and faculty 

committed to cultural diversity in 
STEM, and employers who recognize 
the value of multiculturalism and 
excellence in the workplace.

The National GEM Consortium’s 
mission is to enhance the value of the 

nation’s human capital by increasing 
the participation of underrepresented 
groups (African Americans, American 
Indians, and Hispanic Americans) 
at the master’s and doctoral levels 
in engineering and science.

To register, visit www.gemfellowship.org/
tec-event/annual-conference-2023/.

Planetary scientists and astrobiologists 
(including graduate students, post-
doctoral researchers, engineers and 
technicians) and informal (out-of-
school time) educators are invited 
to apply to attend a Culturally 

Inclusive Planetary Engagement 
professional development workshop.

During the workshop, scientists 
and educators are paired together 
and supported in bi-directional 

conversations around diversity and 
inclusion in engaging Black and Latinx 
audiences in planetary science (see 
workshop objectives and outcomes 
online). Participants also co-create 
and lead hands-on activities during a 

GEM ANNUAL CONFERENCE, 
SEPTEMBER 14-16

CULTURALLY INCLUSIVE PLANETARY 
ENGAGEMENT WORKSHOP, SEPTEMBER 21-23

Credit: The National GEM Consortium.
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I D E A I N AC T I O N

public engagement event following the 
workshop held in collaboration with a 
local youth-serving organization. These 
events allow workshop participants the 
opportunity to practice engagement 
strategies discussed in the workshop.

The New York Culturally Inclusive 
Planetary Engagement workshop will 
take place at the American Museum of 
Natural History on September 21 and 
September 22, 2023, from 8:00 a.m. 

to 5:00 p.m. The workshop includes a 
public engagement event on September 
23 at a local youth-serving organization.

To apply for the workshop, visit 
www.lpi.usra.edu/planetary-reach/
workshops/nyc/. Applications are 
reviewed and accepted as they are 
submitted; the deadline to apply is 
September 1, 2023, at 5:00 p.m. 
CDT. Stipends are available for those 
who are able to accept them.

For questions about the New York 
workshop, please contact Andy 
Shaner at shaner@lpi.usra.edu.

The next Culturally Inclusive Planetary 
Engagement Workshop will take 
place in Puerto Rico from November 
2-4, 2023. More information 
and application coming soon.

The National Association of Black 
Geoscientists 42nd Annual Technical 
Conference will take place September 
27-30, 2023, in Washington, DC. 
Conference registration will be open 
soon. For more information about the 
conference, visit www.nabg-us.org/.

The National Diversity in STEM 
(NDiSTEM) Conference is 
the largest multidisciplinary 
and multicultural STEM 
diversity event in the country. 
SACNAS’ premier conference 
is a gathering that serves to 
equip, empower, and energize 

participants for their academic 
and professional paths in STEM. 

Over the course of the event, college-
level to professional attendees are 
immersed in cutting-edge STEM research, 
professional development sessions, 
motivational keynote speeches, and 

NATIONAL ASSOCIATION OF BLACK 
GEOSCIENTISTS 42ND ANNUAL TECHNICAL 
CONFERENCE, SEPTEMBER 27-30

NATIONAL DIVERSITY IN STEM 
CONFERENCE, OCTOBER 26-28
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13TH ANNUAL OSTEM CONFERENCE 
2023, NOVEMBER 9-12

The 13th Annual oSTEM Conference 
will take place in Anaheim, California, 
from November 9-12 with 1,000+ 
LGBTQ+ students, professionals, and 
recruiters in STEM fields from across 
the country and around the globe.

This space is designed for attendees to 
share their professional and personal 

experiences and learn 
from one another in an 
authentic and vulnerable 
way. Programs and content 
range from introspective (e.g., 
safer spaces to talk about 
queer issues and career 
development) to technical 
(e.g., discussing the latest in 

research conducted by our members). 
The Career and Graduate School 
Expo allows attendees to connect and 
network with professionals, academics, 
and colleagues from STEM industries 
and universities. For more examples of 
sessions, speakers, and career expo 
exhibitors, click here for the 2022 
conference program. If you want a 

space where you can be your authentic 
LGBTQ+ self and your authentic STEM 
self, this is the conference for you.

The oSTEM Annual Conference Poster 
Session is intended for undergraduate 
students, graduate students, and 
postdocs to showcase their research to 
other conference attendees. Anyone 
performing academic or industry 
research is invited to submit a poster 
for consideration. The deadline 
is September 30, 2023, and will 
be accepted on a rolling basis.

For more information, visit 
conference.ostem.org/.

I D E A I N AC T I O N

the Graduate School and 
Career Expo Hall, as well 
as multicultural celebrations 
and traditions and an 
inclusive and welcoming 
community of peers, 
mentors, and role models. 
Simply put, the NDiSTEM 
Conference is a broadly 
inclusive space where you 

are encouraged and empowered 
to bring your whole self to STEM.

Registration is now open. To register, 
view hotel and travel information, and 
read frequently asked questions, visit 
www.sacnas.org/conference.

Credit: The National GEM Consortium.

“IDEA In Action” highlights organizations, individuals, and events within the planetary science community that highlight principles 
of inclusion, diversity, equity, and accessibility (IDEA). To submit content highlighting IDEA in the planetary community, contact the 

Lunar and Planetary Institute’s Communications Department at LPI-Communications@usra.edu.
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MEE TING HIGHLIGHTS

The volume of data available to planetary 
scientists is increasing rapidly, and the 
NASA Planetary Data System (PDS) 
is approaching two petabytes of data 
from space missions. These data are 
widely used by scientists worldwide for 
research, mission planning, education, 
and outreach. Methods of identifying, 
acquiring, storing, and serving these data 
are advancing alongside improvements 
in analysis methods, data synthesis, and 
visualization tools. There is a strong 
need for communication between data 
providers, scientists, engineers, tools 
developers, and users on how best to 
obtain just the right data and how to work 
with them using the best possible tools.

Nearly 150 participants (~100 in-
person and ~50 virtual) from institutions 
worldwide discussed such topics recently 
at the 6th Planetary Data Workshop 
(PDW6), held June 26–28, 2023, in 
Flagstaff, Arizona. The goal of this 
series of workshops is to bring together 
planetary scientists, data providers from 
current and recent planetary exploration 
missions, data archivists, and software 
experts to exchange ideas on current 
capabilities and needs for tools for 
planetary research and data analysis. 
The 2023 workshop included keynote 
presentations by Steve Crawford 
(Science Mission Directorate of NASA), 

Emily Foshee (University of Alabama 
in Huntsville), Alessandro Frigeri 
(National Institute for Astrophysics/
IAPS, Rome), and Ross Beyer (NASA 
Ames), as well as a wide variety of 
presentations by data users, mission 
data providers and archivists, and 
software developers. In addition, four 
tutorials for Spacecraft Planet Instrument 
C-matrix Events (SPICE) were presented 
by NASA’s Navigation and Ancillary 
Information Facility (NAIF), and several 
presentations were given covering the 
PlanetaryPy initiative (Michael Aye), 
SpatioTemporal Asset Catalogs (STAC) 
(Jay Laura), Open-source VICAR Mars/
surface software (Bob Deen), and 
Mars 2020 MastCam-Z tools (Sydney 
Larriva). Online and asynchronous 
discussions for the workshop were 
supported by the Open Planetary 
organization (www.openplanetary.
org/). The workshop was facilitated 
by the Lunar and Planetary Institute.

PDW6 presentations included the 
challenge by NASA to realize Open 
Science, Open Software and the creation 
of a Planetary Data Ecosystem (PDE). 
Both Steve Crawford and Robin Fergason 
(NASA Ames) discussed goals to help 
realize a PDE including NASA-sponsored 
resources; Findability, Accessibility, 
Interoperability, and Reuse of digital 

assets (FAIR) data practices; and cloud 
initiatives. Other themes featured 
updates on PDS4, the current planetary 
archive standard and information model, 
presented by PDS representatives. Python 
tools and toolkits were well represented 
across many of the presentations 
including archiving tools, image readers, 
spectral tools, and several SPICE-based 
tools. Automated data analysis, data 
access methods, and the availability of 
planetary data via PDS and PDE data 
portals were also presented. Mission 
and facility representatives summarized 
current and new processing methods 
for derived analysis ready data (ARD). 
The International Astronomical Union’s 
Working Group on Cartographic 
Coordinates and Rotational Elements 
(WGCCRE) discussed standardized 
lunar reference frames and potential 
updates to the martian orientation model.

Several talks discussed ongoing efforts 
to define “planetary spatial data 
infrastructures” (PSDI) to evaluate 
existing spatial data and data standards 
and to assess spatial data storage, 
acquisition, discovery, and user needs 
of the community. Aspects of PSDI 
are currently present in several active 
NASA operations, including the USGS 
Astrogeology’s planetary cartography 
research program, the PDS, Arizona 

6TH PLANETARY DATA WORKSHOP
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ME E T I N G H I G H L I G H TS

— Summary provided by Trent Hare, Astrogeology Science Center, U.S. Geological Survey

State University, and the Mapping and 
Planetary Spatial Infrastructure Team 
(MAPSIT). Lastly, there were sessions 
devoted to topographic processing, in 
situ rover topics, and machine learning, 
as well as updates to several planetary-
specific geographic information system 
(GIS) applications (e.g., JMARS, 
MMGIS, Small Body Mapping Tool).

While the 7th Planetary Data Workshop 
is scheduled for June 2025 in 
Flagstaff, Arizona, look for potential 
location changes. To continue these 
conversations, please join the Open 
Planetary community where you can 
follow the ongoing discussion and 
request help for planetary data, tools, 
and services (www.openplanetary.org/).

For more information about PDW6, 
including links to the program and 
abstracts, visit www.hou.usra.edu/
meetings/planetdata2023.

The 54th Lunar and Planetary Science 
Conference (LPSC), co-chaired by Lisa 
Gaddis of the Lunar and Planetary 
Institute (LPI) and Eileen Stansbery of the 
NASA Johnson Space Center (JSC), was 
held as a hybrid event on March 13–17, 

2022, at The Woodlands Waterway 
Marriott Hotel and Convention Center in 
The Woodlands, Texas, and in a virtual 
conference environment. Participation 
was high, with 2090 registrants (1698 
in-person and 392 virtual). Abstract 

numbers were also high, 
with 2037 abstracts 
submitted from 43 countries. 
LPSC continues to be 
accessible and important to 
young scientists, with student 
participation at more than 
34% of total attendance.

LPSC began with Sunday 
evening check-in and a 
welcome event, which 
gave participants an 
opportunity to connect with 
friends and colleagues. 

Beginning on Monday morning, the 
conference featured four-and-a-half 
days of sessions, including topics such 
as lunar mineralogy and petrology, 
astrobiology and exobiology, space 
weathering, dwarf planets and 
icy moons, and several sessions 
on Mars and Venus. The complete 
program and abstracts are available 
at www.hou.usra.edu/meetings/
lpsc2023/technical_program/.

The plenary session on Monday 
afternoon featured the Masursky 
Lecture, “The Scientific Legacy of the 
InSight Mission,” by Dr. Bruce Banerdt. 
The winners of the NASA Early-Career 
Award, the 2022 Dwornik Award, the 
2023 LPI Career Development Award, 
and the 2023 Pierazzo International 
Student Travel Award were also 

54TH LUNAR AND PLANETARY 
SCIENCE CONFERENCE

Awardees of the LPI Career Development Award. Credit: Lunar and 
Planetary Institute.
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recognized. During the Tuesday NASA 
Headquarters Briefing, representatives 
from the Planetary Science Division of 
NASA’s Science Mission Directorate 
addressed conference attendees.

In-person poster sessions were held 
Tuesday and Thursday evenings and 
included topics covered in the oral 
sessions, as well as topics in other areas 
such as education and public outreach. 
A dedicated virtual poster session was 

held Wednesday evening for virtual and 
in-person attendees using iPosters and 
Gather.town. All of the poster sessions 
offered an opportunity for participants 
to network and share science.

LPSC Ambassadors used social media 
to provide real-time coverage of the 
science presented during the sessions. 
Combined with a social media feed 
at the conference venue and within 
the virtual environment, this coverage 

allowed attendees to interact and share 
science results with their social networks.

Visit the 54th LPSC photo gallery 
at www.flickr.com/photos/
lunarandplanetaryinstitute/
collections/72157721559645461/.

The conference Venus Surface and 
Atmosphere, part two of the Lunar 
and Planetary Institute’s (LPI’s) Venus 
Science Initiative, was held in Houston 
and virtually January 30–February 
1, 2023. There were 147 registered 
participants. The overall goal of the Venus 
Science Initiative is to consolidate our 

understanding of Venus, explore new 
hypotheses, and encourage innovative 
ways to exploit measurements from the 
upcoming armada of spacecraft that 
will target Venus in the next decade.

The overarching objective of this 
conference was to understand the current 

climate of Venus and its relationship to 
processes in both the atmosphere and at 
the surface of Venus. Individual sessions 
focused on tectonism, volcanism, surface 
composition, and weathering, as well 
as atmospheric composition, dynamics, 
clouds, and microphysics. The final 
day included sessions on how missions 

Lori Glaze briefed conference participants about the status of NASA’s planetary science programs. Credit: Lunar 
and Planetary Institute.

ME E T I N G H I G H L I G H TS

Conference co-chairs Lisa Gaddis (left) and Eileen 
Stansbery (right) pose for a photo with Bruce Banerdt, 
who gave this year’s Masursky Lecture. Credit: Lunar 
and Planetary Institute.

Student participation remains high at 34% of total 
attendance. Credit: Lunar and Planetary Institute.

VENUS SURFACE AND ATMOSPHERE

Lots of science shared during the LPSC poster sessions! 
Credit: Lunar and Planetary Institute.
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currently in development for the “Decade 
of Venus” will contribute to solving current 
questions about Venus evolution, as well 
as discussion of future mission concepts 
and technology development that may 
play a role in Venus exploration beyond 
the next decade. Throughout the meeting, 
extensive time for audience questions and 
discussion was included in the program.

In addition to the science sessions, there 
was also an evening public engagement 
event, “Planet Secrets Revealed: Is Venus 
the Once and Future Earth?” Panelists 
Justin Filiberto, Tracy Gregg, Matthew 
Weller, and Jennifer Whitten, along with 
moderator Vicki Hansen, gave a lively 
presentation that was enjoyed both by 
the audience at LPI and on YouTube.

The conference organizing committee 
consisted of Kandis-Lea Jessup, Mark 
Bullock, Larry Esposito, Natasha Johnson, 
Patrick McGovern, Takehiko Satoh, 
Jennifer Whitten, Thomas Widemann, and 
Eliot Young. The conference program and 
abstracts can be found at www.hou.usra.
edu/meetings/venussurface2023/.

The Apollo 17 ANGSA (Apollo Next 
Generation Sample Analysis Initiative) 
Workshop was held as a hybrid meeting 
on October 26–28, 2022 at the 
Lunar and Planetary Institute (LPI). The 
workshop was motivated by the 50th 
anniversary of the Apollo 17 mission to 
the Taurus Littrow Valley and the release 
of new ANGSA results on previous 
unopened Apollo 17 samples.

The workshop was convened by Apollo 
17 astronaut Harrison “Jack” Schmitt 
and ANGSA co-lead scientist Charles 

“Chip” Shearer. Complementary to many 
celebrations in 2022 of the monumental 
achievements of the Apollo 17 mission, 
this was the scientific celebration of its 
accomplishments. Another focus of the 
workshop was the lessons learned from 
Apollo 17 and ANGSA that are directly 

applicable to the Artemis program to return 
to the Moon. The Science Organizing 
Committee (N. Curran, L. Gaddis, C. Neal, 
N. Petro, J. Stopar, A. Fagan, J. Gross, 
S. Simon, R. Klima, S. Lawrence, and 
G. Schmidt) provided guidance for the 
workshop sessions, logistics, and travel. 
A hybrid team meeting for the ANGSA 
initiative took place at the LPI earlier in the 
week, on October 24–25.

— Summary provided by Walter Kiefer, Lunar and Planetary Institute

ME E T I N G H I G H L I G H TS

APOLLO 17 ANGSA WORKSHOP
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Both the workshop and the 
ANGSA team meeting embraced 
the participation of early career 
planetary scientists, with a large 
number participating as either onsite 
or virtual contributors. The early career 
participants included undergraduate 
students, graduate students, and post-
docs. Support for travel to the workshop 
for early career scientists and engineers 
was kindly provided by the Solar System 
Exploration Research Virtual Institute 
(SSERVI) and the Larry Taylor Travel 
Award administered by the LPI and the 
Lunar Exploration Analysis Group. 

The workshop had 249 registrants, with 
189 attending the workshop in person. 
Registrants included scientists, engineers, 
administrators, and planners for the 
Artemis program. A total of 53 oral 
and poster presentations were given 
during the workshop. Overarching 
themes included the Apollo 17 and 
ANGSA science that enables Artemis; 
stratigraphy, triggers, and dynamics 

of lunar landslide deposits; new 
views of the ANGSA samples and 
potential for Artemis; exploring lunar 
volatiles using new samples and new 
approaches; advanced curation and 
preliminary examination of ANGSA 
samples and implications for Artemis; 
and deciphering the lunar crust 
with newly examined lunar samples 
from ANGSA and meteorites.

In addition to discussions that focused 
on presentations within these themes, 
substantial topical discussions were 
held. These topical discussions 
focused on a number of questions:

• What have we learned from Apollo 
17 and ANGSA that informs surface 
operations during Artemis?

• How do Apollo 17 regolith 
studies influence surface 
measurements, collection, and 
analysis of regolith in the future?

• Lunar volatiles: What have we 
learned from sample studies?

• How are these studies 
applicable to Artemis?

• What curation lessons 
learned have implications 
for preparing for Artemis?

• What do the Apollo samples tell us 
about the interior of the Moon?

• How does this influence sample 
collection during Artemis?

The presentations and discussions 
focused on a new perspective of the 
Apollo 17 mission through the ANGSA 
initiative and the application of this 
new viewpoint to the future exploration 
of the Moon through Artemis.

Evenings and session breaks were filled 
with posters, science discussions, and 
video presentations of The Last Steps 
(Ben Feist) and “New” Apollo Mission 
to Taurus Littrow: Bridging Apollo and 
Artemis (Jack Schmitt, Chip Shearer, 
Clive Neal). The workshop presentations, 
images, videos, and updates on ANGSA 
activities may be viewed at the ANGSA 
website: www.lpi.usra.edu/ANGSA/. 
Links to the workshop program 
and abstracts can be found at the 
workshop website: www.hou.usra.edu/
meetings/ANGSAApollo17_2022/.

— Summary provided by Chip Shearer, University of New Mexico

Apollo 17 astronaut Harrison “Jack” Schmitt poses with early career participants during the Apollo 17 ANGSA 
workshop held at the LPI last October. Credit: Lunar and Planetary Institute.

ME E T I N G H I G H L I G H TS

PLANETARY PROTECTION IN PRACTICE
The first Planetary Protection in Practice 
workshop was held virtually on 
October 18–19, 2022. The purpose of 
the two-day workshop was to (1) build 
an inclusive, diverse community of 
practice around planetary protection; 

(2) share knowledge between 
researchers, technology developers, 
and mission/instrument teams; (3) 
identify shared challenges and solution 
space to meet planetary protection 
requirements; (4) identify technology 

and knowledge gaps; and (5) instigate 
and create collaboration opportunities.

The workshop had 123 registrants 
from 18 countries. Sessions included 
Mission and Instrument Lessons 
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Learned/Challenges, Methodology 
Development, Research Areas of Interest, 
Planetary Protection Organization 
and History, Technology Development, 
and Statistics in Planetary Protection.

The Science Organizing Committee 
(SOC) included Becky McCauley Rench 

(Chair, NASA Headquarters), Nick 
Benardini (NASA Headquarters), Elaine 
Seasly (NASA Headquarters), John Elliott 
(Jet Propulsion Laboratory), and Heather 
Graham (NASA Goddard Space Flight 
Center). The workshop participants have 
self-organized into a writing team, and 
a workshop report is forthcoming.

For more information about the workshop, 
including links to the program and 
abstracts, visit www.hou.usra.edu/
meetings/planetprotection2022/.

ME E T I N G H I G H L I G H TS
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OPPORTUNITIES FOR STUDENTS

This site has resources and opportunities for students and early 
career researchers in planetary science, including workshops 
and events, internships and fellowships, scholarships and 

awards, opportunities to participate, 
and more. Visit Planetary Science 
News for Students to learn more.

NASA internships allow students to contribute to agency 
projects under the guidance of a NASA mentor. The 
deadline for Spring 2024 applications is in November. 

For the optimal chance of being considered for 
Spring 2024 projects, submit your full application by 
November 1. Visit NASA Internships to learn more.

If you’re an early-career or senior scientist, apply to the 
NASA Postdoctoral Program to help pursue NASA’s mission 
and experience the world’s most diverse technology and 
expertise. The NPP offers unique research opportunities to 
highly talented U.S. and non-U.S. scientists to engage in 
ongoing NASA research projects at a NASA Center, NASA 

Headquarters, or a NASA-affiliated research institute. These 
one- to three-year fellowships are competitive and are designed 
to advance NASA’s missions in space science, Earth science, 
aeronautics, space operations, exploration systems, and 
astrobiology. The deadline to apply for this cycle is November 
1, 2023. Visit NASA Postdoctoral Program to learn more.

As part of NASA’s Applied Sciences Program, Digital Earth 
Virtual Environment and Learning Outreach Program (DEVELOP) 
addresses environmental and policy concerns through the 
practical application of NASA Earth observations. DEVELOP 
projects apply Earth observations to the application areas of 
agriculture, disasters, ecological forecasting, energy, health 
and air quality, transportation and infrastructure, urban 

development, and water resources. As an interdisciplinary 
program, DEVELOP accepts participants with skills in a variety 
of fields. Undergraduate and graduate students, recent 
graduates, and early career professionals with an interest 
in Earth science are encouraged to apply. The next round of 
applications open on August 28. Visit DEVELOP to learn more.

The Smithsonian Institution Fellowship Program (SIFP) offers 
opportunities for independent research or study related to 
Smithsonian collections, facilities, and/or research interests 
of the Institution and its staff. Fellowships are offered to 
graduate students, predoctoral students, and postdoctoral 

and senior researchers to conduct independent research and 
to utilize the resources of the Institution with members of the 
research staff serving as advisors and hosts. The deadline 
to apply is November 1, 2023. Visit SIFP to learn more.

RESOURCES FOR STUDENTS

INTERNSHIPS AND TRAINING PROGRAMS

Planetary Science News for Students

NASA Spring 2024 Internships

NASA Postdoctoral Program (NPP)

DEVELOP

Smithsonian Institution Fellowship Program (SIFP)
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O P P O RT U N I T I ES  FO R S T U D E N TS

The Community College Internships (CCI) program seeks to 
encourage community college students to enter technical 
careers relevant to the Department of Energy (DOE) mission 
by providing technical training experiences at the DOE 
laboratories. Selected students work on technologies or 
instrumentation projects or major research facilities supporting 

DOE’s mission, under the guidance of laboratory staff scientists 
or engineers during 10-week appointments. Applications 
close on October 4, 2023. Visit CCI to learn more.

The Science Undergraduate Laboratory Internships (SULI) 
program encourages undergraduate students and recent 
graduates to pursue science, technology, engineering, and 
mathematics (STEM) careers by providing research experiences 
at the Department of Energy (DOE) laboratories. Selected 

students perform research, under the guidance of laboratory 
staff scientists or engineers, on projects supporting the DOE 
mission during 10- to 16-week appointments. Applications 
close on October 4, 2023. Visit SULI to learn more.

The JPL Year-Round Internship Program offers part-time 
and full-time internship opportunities at JPL during the 
academic year as well as summers to undergraduate 

and graduate students pursuing degrees in science, 
technology, engineering, or mathematics. Visit JPL 
Year-Round Internship Program to learn more.

Check out this free, interactive, on-demand 1-hour training 
in academic writing by Dr. Anna Clemens. This training is 
ideal for postdoctoral researchers who want to write scientific 
papers with a structured process in a controlled time frame. Dr. 
Clemens is an academic writing coach with a background in 

both science and journalism who has worked with hundreds of 
researchers inside her online program, the Researchers’ Writing 
Academy. Visit Researchers’ Writing Academy to learn more.

The Postdoc Academy offers two free online courses on edX 
featuring asynchronous, self-paced content: “Succeeding 

as a Postdoc” and “Building Skills for a Successful 
Career.” Visit Postdoc Academy to learn more.

Predoctoral, dissertation, and postdoctoral fellowships are 
awarded in a national competition administered by the National 
Academies of Sciences, Engineering, and Medicine on behalf 
of the Ford Foundation. The Ford Foundation seeks to increase 

the diversity of the nation’s college and university faculties. 
Applications open on September 5 and close on December 12, 
2023. Visit Ford Foundation Fellowship Programs to learn more.

Community College Internships (CCI)

Science Undergraduate Laboratory Internships (SULI)

JPL Year-Round Internship Program

Online Training: Overcoming the Struggle to Write

Online Training: The Postdoc Academy

Ford Foundation Fellowship

SCHOLARSHIPS AND FELLOWSHIPS
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The NSF GRFP recognizes and supports outstanding graduate 
students in NSF-supported STEM disciplines who are pursuing 
research-based master’s and doctoral degrees at accredited 
US institutions. The five-year fellowship includes three years 

of financial support including an annual stipend and a cost of 
education allowance to the institution. GRFP applications close 
between October 16–20, 2023. Visit NSF to learn more.

The NOAA Educational Partnership Program (EPP) with 
Minority Serving Institutions (MSI) Undergraduate Scholarship 
provides an opportunity for undergraduate students to study a 
wide range of science, engineering, mathematical, computer, 
technology and social science disciplines related to NOAA’s 
mission and objectives. During the internships portion of the 

award, the scholar is provided opportunities for hands-on 
research at participating NOAA facilities. Scholars receive 
financial assistance for two academic years, a bi-weekly 
stipend and housing allowance during summer internships. 
Applications for 2024 open on September 1, 2023. Visit EPP/
MSI Undergraduate Scholarship Program to learn more.

The Hertz Fellowship is awarded annually to the nation’s 
most promising graduate students in science and 
technology. Using a rigorous, merit-based process, we 
identify innovators with the greatest potential to create 

transformative solutions to the world’s most urgent challenges. 
The applications for the 2024 class of Hertz Fellows opened 
August 14, 2023. Visit Hertz Fellowship to learn more.

NSF Graduate Research Fellowship Program (GRFP)

NOAA Educational Partnership Program (EPP) with Minority 
Serving Institutions (MSI) Undergraduate Scholarship

Hertz Fellowship

O P P O RT U N I T I ES  FO R S T U D E N TS

Opportunities for recent Ph.D. graduates can be found 
in industry, national labs, nonprofit institutions, and 
government. Below is a selection of postdoctoral fellowship 
opportunities for a range of disciplines and backgrounds.

LPI Postdoctoral Positions

JPL Postdoctoral Positions

JHU APL Doctoral Level Opportunities

Center for Astrophysics Fellowships and Visiting Scientist Positions

U.S. National Labs Postdoctoral Positions

AGU Job Board Postdoctoral Positions

LIGO Postdoctoral Positions

POSTDOCTORAL POSITIONS
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Are you interested in sharing your science and expertise 
with the public? Education and public engagement 
opportunities may be available online or in your 
community. Explore ways to get involved by contacting 
your local museums and planetariums, libraries, Solar 
System Ambassadors, or amateur astronomy clubs.

National Hispanic Heritage Month
September 15–October 15, 2023

Celebrate National 
Hispanic Heritage Month 
with NASA by highlighting 
the contributions of 
generations of Latino 
and Hispanic Americans 
who have advanced 

space science and exploration, benefited humanity 
through innovation, and inspired the world through 
discovery. Visit Hispanic Heritage Month to learn more.

The Return of OSIRIS-REx
September 24, 2023

NASA’s OSIRIS-REx mission is 
the first U.S. mission to collect a 
sample from an asteroid. It will 
return to Earth on September 24, 
2023, with the material it collected 
from asteroid Bennu. When it 
arrives, the OSIRIS-REx spacecraft 
will release the sample capsule, 
which will land in the Utah desert. 

Visit OSIRIS-REx to learn more and get mission updates.

“Ring of Fire” Annular Solar Eclipse
October 14, 2023

On Saturday, October 14, 2023, 
the Moon’s shadow will pass over 
Earth’s surface. Viewers in the 
path of the shadow will observe 
an annular solar eclipse, or “Ring 
of Fire.” The eclipse will be visible 
in the U.S. from Oregon to Texas. 
Outside of the path of the eclipse, 
much of North America will have 
at least a partial solar eclipse. Visit 

Solar Eclipse to learn more and explore educational activities.

International Observe the Moon Night
October 21, 2023

International Observe the Moon Night is a time to come 
together with fellow Moon enthusiasts and curious people 
worldwide. Everyone on Earth is invited to learn about lunar 
science andWord document exploration, take part in celestial 
observations, and honor cultural 
and personal connections 
to the Moon by hosting or 
attending an event or observing 
from home. Visit International 
Observe the Moon Night to 
learn more and get involved.

TOPICS FOR PUBLIC ENGAGEMENT

OPPORTUNITIES AND RESOURCES FOR STEM 
OUTREACH AND PROFESSIONAL DEVELOPMENT

SPOTLIGHT ON EDUC ATION

CULTURALLY INCLUSIVE PLANETARY 
ENGAGEMENT: WORKSHOPS IN 2023

Planetary scientists and astrobiologists (including graduate 
students, postdoctoral researchers, engineers, and technicians) 

and informal (out-of-school time) educators 
are invited to apply to attend a 2023 
Culturally Inclusive Planetary Engagement 
professional development workshop 
organized by the LPI. During these workshops, 
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S P OT L I G H T  O N E D U C AT I O N

scientists and educators are paired together and supported 
in bi-directional conversations around diversity and inclusion 
in engaging Black and Latinx audiences in planetary science. 
Visit Culturally Inclusive Planetary Engagement to learn more.

Professional Learning Resources 
for Educators and Scientists

The National Informal STEM Education 
(NISE) Network offers free resources 
designed for informal educators, scientists, 
and STEM professionals. These include 
training materials, tools, and guides 
related to science communication, methods 

for engaging the public, and ways to enhance collaborations. 
Visit Professional Learning Resources to learn more.

Become an Eclipse Ambassador

ASP and NASA Eclipse 
Ambassador Application 
In October 2023 and 
April 2024, two eclipses 
will be happening 

across the United States. In an exciting new partnership, 
undergraduate students and amateur astronomers will 
engage their local communities, providing solar viewing 
glasses as well as context for underserved communities off 
the central paths. Visit Eclipse Ambassador to learn more.

Letters to a Pre-Scientist

STEM professionals are invited 
to volunteer in Letters to a Pre-
Scientist’s pen pal program, which 
connects students to scientists. The 
program strives to build student 
awareness, interest, and confidence 
in exploring a future in STEM. 

Visit Pen Pal Program to learn more.

Become a GLOBE Scientist

GLOBE is a worldwide science 
and education program supported 
by NASA, NSF, and NOAA that 
connects students, teachers, and 
STEM professionals to advance 
the understanding of Earth as a 
system. The GLOBE International 
STEM Network (GISN) is the 
bridge connecting the researchers of today with those of 
tomorrow. GISN scientists promote Earth science in schools, act 

as mentors, or volunteer to form meaningful relationships with 
students and teachers. Visit The GLOBE Program to learn more.

Join Gage

Gage is the world’s largest directory 
of women and gender minority 
professionals in science, technology, 
engineering, math, and medicine 
(STEMM). It is a resource for educators, journalists, policy 
makers, and others who are seeking expertise in STEMM. 
Join the Gage directory to be contacted for opportunities 
to get involved in education, outreach, media, and research 
from around the world. Visit Gage to learn more.

Professional Development 
Opportunities – edX Courses

The edX platform brings together 
universities from all around 
the world to create courses for 
everyone, everywhere. edX offers 
free online classes covering 

a broad range of topics that help you meet you career 
and educational goals. Visit edX to explore courses.

“Spotlight on Education” highlights events and programs that provide opportunities for planetary scientists to become involved in 
education and public engagement. If you know of space science educational programs or events that should be included, please 

contact the Lunar and Planetary Institute’s Education Department at education@lpi.usra.edu.
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Planetary science education recently lost 
a pioneer and one of its finest members 
when Jaclyn Sue (Jackie) Bird Allen, 
73, of Placitas, New Mexico, passed 
away peacefully on May 4, 2023.

In 1991, Allen and her husband, 
planetary geologist Dr. Carl Allen, came 
to NASA Johnson Space Center (JSC) to 
pursue planetary research and science 
education, where they both remained 
until retiring in 2015. Allen was a 
force of nature! A geologist, planetary 
scientist, educator, wife, partner, 
mother, grandmother, and mentor, she 
was also a dear friend to so many in 

the planetary community. In addition 
to designing activities, conducting 
workshops, and creating curriculum, 
Allen excelled at bringing people 
together: scientists, educators, Girl Scouts, 
and students. She was an inspiration 
to so many in planetary science.

A scientist and educator, Allen touched 
many lives through her love of learning 
and of inspiring others to learn about 
everything from the rocks to the stars. 
She built platforms where others grew 
and contributed and realized their 
potential — a true master educator. When 
she stepped in as a volunteer at JSC 
to assist Dr. Marilyn Lindstrom develop 
education materials to accompany the 
newly minted meteorite discs, a marvelous, 
productive, and far-reaching journey 
began. Allen saw the need for scientists 
and classroom educators to work as 
colleagues, as a continuing team, to 
develop meaningful and useful science 
education. With her direction, writing 
teams at JSC wrote a number of lessons 
and activities, including “Exploring 
Meteorite Mysteries!,” “Fingerprints 

of Life?,” and “Destination Mars!” Her 
talents for bringing people together and 
creating good science education were 
shared in Mars Exploration Education, 
Discovery Mission Education, the 
NASA Astrobiology Institute, and the 
NASA Science Mission Directorate.

In 2002, her passions for science, 
education, and Girl Scouts came together 
as the planetary science education group 
looked for ways to reach new audiences 
through informal education. Funded by 
NASA, Girls Scouts USA chose and sent 
25 volunteer master Girl Scout trainers to 
Macy Conference Center for a five-day 
workshop, Exploring the Solar System. 
This was the beginning of a 20-plus-
year relationship between NASA and 
the Girl Scouts that continues today.

Allen had the gift of seeing potential 
and believing in people. And those who 
knew her had no choice but to believe 
and strive. May we all use our gifts 
and talents so well to lift up others.

Pulat Babadzhanov, former head of the 
Department of Meteor Astronomy of the 
Institute of Astrophysics of the Tajik SSR 
Academy of Sciences, passed away on 
February 10, 2023. He was an expert in 
the field of interplanetary dust research.

Babadzhanov was born on October 15, 
1930, in Tajikistan. He first showed interest 
in the study of astronomy at the Faculty of 
Physics and Mathematics of the Leninabad 

State Pedagogical Institute, where he 
graduated with honors in 1949. He began 
his scientific activity in 1950 as a graduate 
student, first at the Stalinabad Astronomical 
Observatory of the Academy of Sciences 
of Tajikistan, and from 1951 at the State 
Astronomical Institute. In 1954 he defended 
his dissertation for the degree of Candidate 
in Physical and Mathematical Sciences at 
the Moscow State University. In 1970, he 
defended his dissertation for the degree 

JAC LY N ALLE N
1950 –2023

PUL AT BABADZHANOV
1930 –2023

— Text courtesy of the Lunar and Planetary Institute, Kay Tobola, and the Albuquerque Journal
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Theodore (Ted) E. Bunch, 87, passed 
away on Sunday, March 26, 2023, in 
Prescott, Arizona. Bunch was a world-
class expert in meteorite identification 
and classification and was recognized 
for his work on shocked quartz and 
the Younger Dyas impact hypothesis.

Bunch was born on March 1, 1936, in 
Huntsville, Ohio. He graduated from 
Miami University in Oxford, Ohio, and 
he then went on to the University of 
Pittsburgh, earning a Ph.D. in Geology in 
1966. He had a distinguished 32-year-

long career at NASA as a meteoriticist, 
earning the H. Julian Allen Award in 1981 
for his publication on chondrites, the 
NASA Medal for Exceptional Scientific 
Achievement, and the NASA Apollo 
Achievement Award, among others.

Bunch had hundreds of his scientific 
papers published, and after retiring from 
NASA Ames in 2001 as the Chief of 
Exobiology, he worked as an adjunct 
Professor of Geology at Northern 
Arizona University. He also volunteered 
his time as a Native American 
Petroglyph Site Steward, dedicated 
to the preservation and education of 
Northern Arizona’s Native history.

Bunch worked tirelessly for nearly 
two decades to produce hard data 
concerning the Younger Dryas impact 
hypothesis. Among many other 
highly technical skills, he was an 
expert microscopist and geochemical 
investigator. These skills were valuable 
to NASA, where he was employed as 
Section Chief in Exobiology, a position 
from which he retired after 30 years.

Bunch was an expert in “shocked 
quartz,” a critical impact proxy that was 
the subject of his dissertation. Because 
of his research, shocked quartz is now 
recognized as a signature for major 
cosmic ground impacts (and coming 
soon, airbursts). He coauthored a 
paper on the subject of shocked quartz 
with the Cosmic Research Group that 
will be in print very soon, published 
posthumously on a subject he mastered 
while John F. Kennedy was president.

Bunch also had a special role as a world-
class expert in meteorite identification 
and classification. He and Dr. James 
Wittke identified and classified thousands 
of meteorites (and meteorwrongs) 
at the Northern Arizona Meteorite 
Laboratory. Over his life he published 
well over 250 papers and capped it 
off with the best evidence ever for the 
Younger Dryas impact. His love of nature 
meant that his children were raised with 
an appreciation for the outdoors, with 
backpacking trips in the Sierra Nevadas 
and hikes to petroglyph sites, identifying 
the flora and fauna along the way.

I N MEMO RI A M

of Doctor in Physical and Mathematical 
Sciences. In 1973 Babadzhanov was 
elected as academician of the Academy 
of Sciences of the Republic of Tajikistan 
and received the degree of professor.

An outstanding scientist in the field 
of interplanetary dust research, 
Babadzhanov was the author of 
more than 300 scientific papers and 
8 monographs. His work covered 
the distribution of meteoroid dust in 
interplanetary space, the density of the 
meteoroid stream encountered by Earth, 
the physics of meteor phenomena, the 
physical parameters of Earth’s upper 
atmosphere determined by meteor 
observing methods, the evolution of 

meteoroid swarms and their relationship 
with comets and asteroids, as well as the 
development and implementation of new 
methods for studying meteor phenomena.

Babadzhanov was a member of the 
Astronomical Council of the Academy of 
Sciences of the USSR, the International 
Astronomical Union (IAU), and the 
Bureau of the Commission 22 “Meteors 
and Interplanetary Dust” of the IAU, 
serving as President of this commission 
from 1985 to 1988. He also served 
as chair of the working group of the 
Astronomical Council of the USSR 
Academy of Sciences “Meteoric 
substance,” as well as a member of 
the International Committee for Space 

Research (COSPAR) and the Royal 
Astronomical Society of Great Britain.

For merits in the development of science 
and training of personnel, Babadzhanov 
was the recipient of many awards 
during his lifetime. Minor planet 7164 

“Babadzhanov” was named in his honor.

For more about Babadzhanov’s life 
and legacy, visit www.meteornews.
net/2023/02/20/obituary-
babadzhanov-pulat-babadzhanovich-
15-october-1930-10-february-2023/.

— Text courtesy of Meteor News

— Text courtesy of the Cosmic Tusk (George Howard) and the Daily Courier, Prescott, Arizona

TH EODORE (TE D) E .  BUNC H
1936 –2023
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James (Jim) Burke, an American lunar 
settlement and exploration expert 
and one of the pioneers of America’s 
space program, passed away on 
August 19, 2023, at the age of 97.

Burke was born in Los Angeles County 
on September 18, 1925. He grew up in 
Claremont, California, and graduated 
from Webb High School in 1942. In 
1945, after graduating in mechanical 
engineering from California Institute of 
Technology (Caltech), he became a U.S. 
naval aviator. Burke returned to Caltech 

to receive his master’s 
degree in aeronautics 
before joining the staff 
of the Jet Propulsion 
Laboratory (JPL) in 1949.

During his tenure at 
JPL, Burke was the 
director of the Vega 
program, developing 
the third stage of the 
general-purpose Vega 
launch vehicle, which 
was based on the Atlas 
rocket. Following the 

transfer of JPL from the U.S. Navy to 
NASA as well as reorganization during 
the early 1960s, the Lunar and Planetary 
Program was created. Burke was named 
deputy director of this program.

Burke was also named as the first program 
manager of the Ranger program, a series 
of unmanned space missions by the U.S. in 
the 1960s whose objective was to obtain 
the first close-up images of the surface of 
the Moon. The Ranger spacecraft were 
designed to take images of the lunar 

surface, transmitting those images to Earth 
until the spacecraft were destroyed upon 
impact. Burke was in charge of spacecraft 
design, the deep space tracking and 
control network, space flight operations, 
and data reduction support systems, 
while the Space Science Division was 
in charge of the scientific experiments. 
Burke had the unique ability to combine 
technological and theoretical ideas 
to integrate mechanical and electrical 
features to achieve difficult technical 
objectives. Along with his associates, 
Burke solved the major guidance problem 
associated with solid-propellant ballistic 
missiles — velocity control. He was 
recognized as one of the laboratory’s 
most perceptive research engineers.

Burke participated in many other lunar, 
planetary, and astrophysical projects. He 
was a member of the human-powered 
flight team that won the prestigious Kremer 
prize. He continued to work at JPL until 
his retirement in 2001. Minor planet 4874 
Burke, discovered by Eleanor Helin, was 
named after him when he retired from JPL.

Peter Gierasch, an astronomer at 
Cornell University whose mathematical 
models unveiled the turbulent 
vortices, tempestuous eddies, and 
atmospheric tumult arising on other 
worlds — long before spacecraft 
could consistently prove it with 
images — died on January 20, 2023, in 
Ithaca, New York, at the age of 82.

Gierasch, a professor emeritus of 
astronomy in Cornell’s College of Arts 
and Sciences, contributed to a wealth 

of knowledge on the processes of 
planetary atmospheres — specifically 
Mars, Venus, Jupiter, and Saturn’s 
largest moon, Titan. He served as a team 
scientist on the Viking, Pioneer, Voyager, 
Galileo, and Cassini missions for NASA.

“Peter is truly one of the leading people 
who have developed almost everything 
we know today about the atmospheres of 
planets, other than the Earth,” said Joseph 
Veverka, the James A. Weeks Professor 
of Physical Sciences emeritus (A&S). 

JA ME S (J IM) DONAHUE BURKE
1925–2023

PE TE R GI E R ASC H
1940 –2023

— Portions of text courtesy of the NASA History Office
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Gierasch was known for his amazing 
mathematical ability. “With models, he 
could predict things before they were 
seen, but he did take advantage of 
observation,” Veverka said. “He was 
able to explain the strange things that 
were seen in spacecraft images.”

As a freshly minted Ph.D., Gierasch 
published a 1968 paper on martian 
thermal and dynamical structure, which 
was the first to systematically consider 
the surface-atmosphere (wind-driven) 
interaction occurring on Mars and how 
it fundamentally differed from Earth. 
Gierasch, Veverka, and the late Cornell 
astronomer Carl Sagan published a 
detailed paper on martian winds in 1971 
that proved accurate when rovers visited 
the Red Planet about three decades later.

His next groundbreaking 1975 finding 
focused on Venus’ atmospheric rotation, 
where he showed how the planet’s 

equatorial atmospheric region moved 
much faster than the rest of the planet’s 
atmosphere. This process — an angular-
momentum surplus that contributes to 
atmospheric superrotation — is now 
known as the Gierasch Mechanism. 
Subsequently, this process was discovered 
again on the large saturnian moon Titan.

Gierasch’s impact on examining 
planetary atmospheres was exceptional, 
according to a citation when he received 
the 2014 Gerard P. Kuiper Prize, the 
highest honor bestowed by the Division 
for Planetary Sciences of the American 
Astronomical Society. He also examined 
the atmospheres of giant planets. A 
1986 paper looked at temperatures as 
a function of latitude and altitude on 
Jupiter, as he inferred the atmospheric 
circulation that those temperatures 
required. This led to a theory of belts 
and zones churning above the clouds in 
Jupiter’s upper troposphere. NASA’s Juno 

spacecraft mission to Jupiter — which 
arrived in 2016 —confirmed the concepts.

Gierasch was born in Washington, DC, 
on December 19, 1940. He graduated 
from Wayland High School in Wayland, 
Massachusetts, just outside Boston. He 
earned both his bachelor’s degree (1962) 
and his Ph.D. (1968) from Harvard 
University. His first academic position was 
at Florida State University in Tallahassee.

Gierasch joined the Cornell faculty 
in 1972, and he served for a decade 
as director of the Cornell Center for 
Radiophysics and Space Research. He 
was an Alfred P. Sloan Foundation 
Research Fellow from 1975 to 1979.

For his 60th birthday celebration at 
Cornell, the International Astronomical 
Union formally named an asteroid — 
5153 Gierasch — in his honor.

— Text courtesy of Cornell University

Eugene (Gene) George Stansbery, 68, 
a longtime resident of Friendswood, 
Texas. passed away on August 11, 2023. 

Born to Jack and LaVerne Stansbery 
in Texarkana, Stanbery’s earliest 
memory was of a nighttime launch from 
Cape Canaveral, which spawned his 
lifelong passion for space. A proud 
graduate of Angleton High School, he 
recently connected with dear friends 
at his 50th class reunion. Stansbery 
received his B.S. and M.S. in Space 
Physics from the University of Houston.

A scientist and explorer, Stansbery 
traveled to every continent on Earth 
and reached beyond the stars with his 
research and experiments. His work 
began with atmospheric instrument 
development and sonic boom analysis, 
and he ultimately became NASA’s Orbital 
Debris program manager, recognized 
as an expert in “space garbology.”

Throughout his career, Stansbery 
received many honors, including the 

Antarctic Service Medal and NASA’s 
Exceptional Service Medal, and he was 
the namesake for the Eugene Stansbery 
Meter Class Autonomous Telescope 
(ES-MCAT) on Ascension Island. 
Stansbery’s list of accomplishments — 
Been There-Done That — is extensive.

With a creative mind, artistic vision, and 
attention to detail, Stansbery was the 
ultimate Idea Man. His enthusiasm for 
adventure led him from scuba diving the 
depths of the oceans to endless heights 
flying a variety of aircraft, including 
his restored Nanchang CJ6A. His 
keen eye saw so much throughout 
his lifetime: capturing his journeys 
around the world through the lens of 
a camera, creating miniatures through 
model building, producing stained glass 
art, and holding others accountable 
as a respected tennis umpire.

E UGE N E GEORGE STANSBE RY
1955–2023

— Text courtesy of Dignity Memorial
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Erin Lindsey Walton Hauck passed away 
on September 21, 2022, at the age 
of 44 following a battle with cancer.

Walton was born on August 4, 1978, in 
Fredericton, New Brunswick, Canada. 
She grew up with a love and respect for 
the natural world that would continue 
all her life. During her undergraduate 
studies at the University of New 
Brunswick (UNB), she discovered 
her passion for geology and the 
cosmos, which led her to mineralogy, 
meteorites, and impact processes.

Characterizing the complex shock effects 
produced during impact events was 
the overarching theme of her research. 
Following her documentation of the 
Benton LL6 chondrite (the only meteorite 
known from Atlantic Canada) for her 
undergraduate honors thesis — her first 
published paper — she continued to her 
Ph.D. with John Spray at the Planetary 
and Space Science Centre, UNB. The 
work involved a study of the effects of 
shock in martian meteorites — a theme 
that would be central to her scientific 
contributions. Her dissertation was 
nominated by UNB as one of the best 
in Canada, and she was recognized as 
one of the brightest university researchers 
by Maclean’s magazine in 2004.

In 2005, she was competitively awarded 
a Natural Sciences and Engineering 
Research Council of Canada (NSERC) 
Postdoctoral Fellow position, which she 
took up in the Department of Earth and 
Atmospheric Sciences at the University of 
Alberta. In 2007, she secured a Space 
Science Fellowship from the Canadian 
Space Agency, which she used to 
continue her position at the University of 
Alberta until 2009. At Alberta, she took 
advantage of experimental petrology 
facilities — and more microbeam 
methods — to explore and constrain 
the crystallization conditions of impact 
melt pockets in martian meteorites. 
Working in collaboration with Chris 
Herd, she published a series of papers 
that provided insights into how impact 
melt pockets formed, as well as the 
mechanics of implantation of the martian 
atmosphere. Her research using laser 
probe 39Ar-40Ar on impact melt pockets 
and veins was important for establishing 
that implantation of atmospheric argon 
can significantly modify apparent Ar-Ar 
isochrons. This was succinctly described, 
within the context of the then-raging 
debate about the ages of martian 
meteorites, in a paper simply entitled 

“Isotopic and petrographic evidence for 
young martian basalts” (Geochimica et 
Cosmochimica Acta, 72, 5819–5837).

In 2009, Walton secured a faculty 
position at Grant MacEwan College 
(now MacEwan University), which 
enabled her to continue research 
on martian meteorites and to share 
her passion for mineralogy and 
petrology with undergraduate students. 
Recognizing a need to hone her teaching 
skills, she enrolled in a mentorship 
program and quickly became known for 
being an excellent instructor. In her role, 
she developed four new courses and 
co-developed six new courses for the 
new Physical Sciences degree program. 
All this was achieved while maintaining 

a full teaching load; securing funding 
for a Raman instrument; sustaining an 
active, NSERC-funded research program; 
and supervising some 20 student 
projects. Most were undergraduate 
projects, but there were also several 
master’s projects, co-supervised with 
Chris Herd at the University of Alberta, or 
with Cliff Shaw and John Spray at UNB, 
thanks to her adjunct professor status 
at both institutions. She was actively 
co-supervising some of these student 
projects as recently as August 2022.

Walton’s research into shock effects 
expanded to include other meteorite 
types, and her body of work in this 
area contributed to an improved 
understanding of the pressure-
temperature-time histories of shock melts, 
along with the correlation between 
these effects, the impact process, and by 
inference, the size of the impact event. 
In this way, her research was seminal to 
linking shock effects in meteorites to the 
geological setting of their parent bodies.

In the past decade, Walton expanded 
her research to include terrestrial impact 
structures, recognizing that similar 
approaches to meteorite studies could 
be applied to terrestrial rocks. The 
Steen River (Alberta) impact structure 
had not been extensively studied since 
the 1970s. Walton, along with her 
students and collaborators, applied 
modern characterization methods 
to impactites from this structure and 
brought their study into the twenty-first 
century. Her research recognized and 
characterized new types of impactites 
from Steen River and elucidated new 
chemical reactions that took place 
within these rocks that had never been 
described before. Furthermore, some 
of the minerals found in the Steen River 
impact rocks are the same as those 
found in the rocks from the dinosaur-
ending Chixculub impact structure. In 

E RI N L .  WALTON
1978–2022
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2019, she was awarded a MacEwan 
University Board of Governors Research 
Chair in recognition of her research.

Walton loved to get new data, especially 
from the scanning electron and 
Raman microscopes, and the electron 
microprobe, which she used herself at an 
expert level. The quality of her research 

contributions sets a high bar — papers 
typically include at least one hand-
drafted illustration of features within a 
shock metamorphosed rock. This links 
back to her undergraduate days when 
John Spray discovered at the back of 
the class an exceptional artist at work 
precisely copying and coloring images 
from the petrographic microscope and 

hand samples, the quality of which he 
had not seen before, or has seen since. 
Walton leaves behind a body of work 
in the peer-reviewed literature that lays 
the groundwork for countless future 
research projects and that will continue 
to inform and inspire future research.

— Text courtesy of Christopher Herd, John Spray, and Tom Sharp in Meteoritics & Planetary Science

— Text courtesy of Jon Friedrich and Mike Lipschutz/The Meteoritical Society

Stephen F. Wolf, a professor of chemistry 
at Indiana State University (ISU) in Terre 
Haute, Indiana, passed away unexpectedly 
on April 22, 2023, at the age of 58. 
Wolf was a highly respected analytical 
chemist with many interests, including 
analytical method development and the 
use of novel multivariate chemometric 
techniques, which he often combined 
when examining meteorite compositions.

Wolf received his B.S. degree in 
chemistry from Purdue University 
in 1987 and his Ph.D. in analytical 
chemistry from Purdue University in 
1993 under the direction of Michael 
Lipschutz. His thesis was titled “Trace 
Element Study of H Chondrites: 
Evidence for Meteoroid Streams.”

After graduation, Wolf worked as a 
staff chemist at the Argonne National 
Laboratory. While there, he worked on 
the analysis and testing of nuclear waste 
glasses, applying his expertise to the 
analysis of actinides and their decay 
products. For the past 22 years, he was 
in the Department of Chemistry and 
Physics at Indiana State University. He 
was a valued educator and was the 
deserving recipient of numerous teaching 
awards, including the prestigious ISU 
Caleb Mills Distinguished Teaching 
Award and the College of Arts & 
Sciences Educational Excellence Award.

The series of seven scientific papers 
entitled “Chemical studies of H 
chondrites” illustrate Wolf’s use of 
multivariate statistical methods on trace 

element data to investigate fundamental 
properties of a chondrite group. The 
most controversial, but statistically 
valid, of these was the idea that there 
are temporally variable H chondrite 
sources sampled by Earth. Wolf was 
able to again combine his interests in 
analytical chemistry and cosmochemistry 
between 1999 and 2007 when he 
was part of a group that wrote biennial 
review articles entitled “Geochemical 
and Cosmochemical Materials” for 
the journal Analytical Chemistry.

In addition to his scientific expertise, Wolf 
had a passion for music and a wonderful 
dry sense of humor. He is greatly missed 
as both a friend and colleague.

STE PH E N WOLF
1964–2023
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NASA MARSHALL CENTER DIRECTOR TO 
RETIRE AFTER 38 YEARS OF SERVICE

Jody Singer, NASA’s Marshall Space Flight Center Director, 
announced her retirement, effective Saturday, July 29, after more 
than 38 years of service. Among many firsts in her career, Singer 
was appointed as the first female center director at Marshall 
in 2018, after serving as deputy director from 2016 to 2018.

Marshall’s current deputy center director, Joseph Pelfrey, will 
serve as the interim acting director until Singer’s successor is 
identified through a nationwide search and open competition.

As center director, Singer managed one of NASA’s largest field 
installations, with nearly 7,000 on- and near-site civil service and 
contractor employees with an annual budget of approximately 
$5 billion.

Under Singer’s leadership, NASA Marshall, known for its 
prominence in large space transportation systems, has 
expanded its portfolio to include human lunar landing and 
cargo systems, space habitation and transit systems, advanced 
propulsion, additive manufacturing, science payload 
operations, Mars ascent spacecraft, and cutting-edge science 
and technology missions through innovative partnerships with 
other NASA centers, industry, government agencies, and 
academia. The Marshall team was critical to the successes of 
NASA’s James Webb Space Telescope, the Imaging X-ray 
Polarimetry Explorer mission, the Double Asteroid Redirection 
Test (DART) mission, and Space Launch System (SLS).

Singer joined NASA in 1985 through the professional intern 
program. She joined the Space Shuttle Program Office in 1986 

as an engineer in the Space Shuttle Main Engine Office and 
was involved with Return to Flight activities after the space shuttle 
Challenger accident. She was the first female project manager for 
the Reusable Solid Rocket Booster Project from 2002–2007 and 
led the team during the shuttle Columbia Return to Flight activities. 
Starting in 2008 until the shuttle’s successful retirement in 2011, 
she was deputy manager in the Space Shuttle Propulsion Office. 
Cumulatively, Singer was part of 110 space shuttle launches.

Serving in roles of increasing responsibility, Singer held deputy 
positions for three concurrent programs: the space shuttle, 
Ares, and the start-up of SLS. As deputy for the Space Shuttle 
Propulsion Office, she guided the successful fly-out and retirement 
of the shuttle and the transition of workforce and assets to the 
Ares Project Office and SLS Program. As the deputy program 
manager of SLS at Marshall, she helped oversee almost 3,000 
civil servants and contractors involved in the development, testing, 
and certification of the rocket. From 2013 to 2016, Singer was 
manager of the Flight Programs and Partnerships Office at 
Marshall, where she held primary responsibility for the center’s 
work with human advanced exploration projects, science 
flight mission programs, technology demonstration missions, 
commercial crew, and International Space Station life support 
systems, research facilities, and payload mission operations.

Singer has twice been a NASA Fellow, at Pennsylvania 
State College and Simmons College Graduate School of 
Management. She is a recipient of numerous prestigious NASA 
awards, including the Space Flight Awareness Leadership 
Award, the NASA Exceptional Service Medal, the Silver 
Snoopy, and NASA Outstanding Leadership medals. She also 
is a recipient of two Senior Executive Service Presidential Rank 
of Meritorious Executive Awards. Her external recognitions 
include the Rotary Stellar National Award for Space 
Achievement, Alabama Engineering Hall of Fame, Distinguished 
Fellow by the University of Alabama College of Engineering, 
Gardner Award; AIAA Associate Fellow, 2022 Alabama 
Engineer of the Year, and the AIAA Herman Oberth Award.

Jody Singer, NASA’s Marshall Space Flight Center Director, announced her 
retirement, effective Saturday, July 29, after more than 38 years of service. 
Credit: NASA.
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LPI ANNOUNCES THE 2023 
BARRINGER AWARD RECIPIENTS

2023 NASA EXPLORATION 
SCIENCE AWARDS

The Lunar and Planetary Institute is pleased to announce the 
2023 awardees of the Barringer Family Fund for Meteorite 
Impact Research.

• George Anim
Portland State University, USA

• Fanny Cattani
Université Paris Cité, France

• Aswathi Janardhanan
University of Kerala, India

• Erik Schoonover
Pennsylvania State University, USA

• Emily White
Pennsylvania State University, USA

The Barringer Family Fund for Meteorite Impact Research has 
been established as a memorial to recognize the contributions 

of Brandon, Moreau, Paul, and Richard Barringer to the field of 
meteoritics and the Barringer family’s strong interest and support 
over many years in research and student education. In addition 
to its memorial nature, the Fund also reflects the family’s long-
standing commitment to responsible stewardship of the Barringer 
Meteorite Crater and the family’s steadfast resolve in maintaining 
the crater as a unique scientific research and education site.

NASA’s Solar System Exploration Research Virtual Institute 
(SSERVI) Awards recognize outstanding achievements in 
exploration science. Recipients have each made unique 
contributions to NASA’s human exploration efforts. SSERVI 
Award winners are nominated by their academic peers, 
recommended by a committee based at SSERVI’s central office, 
and selected by SSERVI leadership. The awards were presented 
along with invited lectures from the recipients at the 2023 NASA 
Exploration Science Forum (NESF) held on July 18–20, 2023.

Susan Mahan Niebur Early Career Award

The 2023 Susan Mahan Niebur Early Career Award is an 
annual award given to early-career scientists who have 
made significant contributions to the science or exploration 
communities. Recipients of the Susan M. Niebur Early 
Career Award are researchers who are no more than 
ten years from receiving their terminal degree, who have 
shown excellence in their field, and who have demonstrated 
meaningful contributions to the science or exploration 

communities. This year the award is 
presented to Drs. Kerri Donaldson 
Hanna and Julie Stopar.

Dr. Donaldson Hanna is a planetary 
geologist and Assistant Professor 
in the Department of Physics at the 
University of Central Florida (UCF). 
She received her B.S. in Space 
Sciences from Florida Institute of Technology and her M.S. 
and Ph.D. in Geological Sciences from Brown University. Dr. 
Donaldson Hanna was a postdoctoral researcher within the 
Atmospheric, Oceanic, and Planetary Physics sub-department 
at the University of Oxford and was awarded the early 
career Winton Capital Geophysics Award from the Royal 
Astronomical Society.

Dr. Donaldson Hanna’s research focuses on understanding 
the formation and evolution of airless bodies like the Moon, 
Mercury, Mars’ moons, and asteroids. Dr. Donaldson Hanna 

Credit: NASA Earth Observatory.

Dr. Kerri Donaldson Hanna
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is also interested in understanding the effects of particle 
size, porosity, albedo, and near surface conditions of 
airless bodies on their thermal infrared signature and how to 
best simulate these in the laboratory. She has participated 
in NASA missions, including as Co-Investigator on the 
Lunar Reconnaissance Orbiter’s Diviner Lunar Radiometer 
Experiment and as a Participating Scientist on OSIRIS-REx. Her 
laboratory measurements have provided numerous insights 
into the compositional diversity of the lunar crust, and the 
thermal emission spectroscopy of airless bodies in general. Dr. 
Donaldson Hanna is also an inspirational mentor for the next 
generation of planetary scientists, supervising undergraduate 
interns and master’s students, as well as numerous school 
outreach projects.

Dr. Stopar is a staff scientist at the Lunar 
and Planetary Institute (LPI), where she 
leads research on lunar geology and 
surface evolution. Dr. Stopar researches 
lunar volcanic deposits, impact melt 
deposits, impact craters, regolith, and 
low-temperature interactions between 
minerals and liquid water throughout the 

solar system. She received a B.S. in Geological Science from 
the University of Michigan, an M.S. in Geological Science 
from University of Hawaii, and a Ph.D. in Geological Science 
from Arizona State University. She is a valued member of two 
SSERVI teams, the science lead for LPI’s Regional Planetary 
Image Facility, part of the coordination team for the LPI 
Summer Intern Program, and supervises multiple postdoctoral 
and undergraduate research projects.

Dr. Stopar has been part of the Lunar Reconnaissance Orbiter 
team since 2007, before launch. She is a co-investigator for 
the LRO Camera team and a Mini-RF team member. She 
is active in several mission concepts for lunar exploration, 
having contributed to designs for a long-range rover, a 
robotic sample return, and a SmallSat lander.

Dr. Stopar exemplifies a commitment to service to the 
planetary science community through participation in several 
Lunar Exploration Analysis Group (LEAG) action teams that 
provided a roadmap for science-driven exploration of the 
Moon. She co-developed the LPI Lunar South Pole Atlas, 
consisting of maps, images, and illustrations of the south polar 
region. She co-organized and led the LPI-LEAG 2017 Back to 
the Moon workshop, which helped provide a framework for 
upcoming lunar exploration.

Angioletta Coradini Mid-Career Award

The SSERVI Angioletta Coradini Mid-Career Award is 
given annually to a mid-career scientist for broad, lasting 
accomplishments related to SSERVI fields of interest. 
Angioletta Coradini (1946-2011) was an Italian planetary 
scientist who inspired astronomers and planetary scientists 
around the world. The 2023 Angioletta Coradini Mid-Career 
Award is given to

Dr. Denevi is a planetary geologist at the 
Johns Hopkins University Applied Physics 
Laboratory specializing in studies of 
the Moon, Mercury, and asteroids. She 
received her B.A. in Geological Sciences 
from Northwestern University and her 
Ph.D. in Geology and Geophysics from the 
University of Hawaii. She’s an expert on 
the origin, composition, and evolution of planetary surfaces, 
focusing on volcanoes and crust formation on terrestrial bodies, 
the mineralogy and chemistry of planet surfaces, and space-
weathering effects on airless bodies. Dr. Denevi has been 
involved in NASA mission and instrument teams at all phases 
and in roles including Deputy PI of the Lunar Reconnaissance 
Orbiter Camera, Deputy Instrument Scientist of the Mercury 
Dual Imaging System, MESSENGER, as Participating Scientist 
of Dawn, and as Co-I of ShadowCam, Korean Pathfinder Lunar 
Orbiter. She has worked on laboratory and in-flight calibration 
of multiple flight instruments and is experienced in operations, 
planning, and targeting (LROC, MESSENGER).

She also served on the Steering Committee for the Planetary 
Science and Astrobiology Decadal Survey as Vice Chair for 
the Panel on the Moon and Mercury, which assessed key 
scientific questions in planetary science and astrobiology, 
identified priority medium- and large-class missions and other 
initiatives, and presented a comprehensive research strategy 
for the 2023-2032 timeframe for these solar system bodies. 
In 2014, Asteroid 9026 Denevi was named in her honor. 
Her contributions have been recognized by the Maryland 
Academy of Science outstanding young scientist award, a 
NASA Early Career Fellowship, and seven NASA group 
achievement awards.

Michael J. Wargo Exploration Science Award

The Michael J. Wargo Exploration 
Science Award is an annual award 
given to a scientist or engineer who 
has significantly contributed to 
the integration of exploration and 
planetary science throughout their 
career. The 2023 Michael J. Wargo 
Exploration Science Award is given 
to Dr. Ian Crawford.

Dr. Crawford is an Honorary Associate Professor in the 
Department of Physics and Astronomy and Faculty of Math 
and Physical Sciences at Birkbeck, University of London. He 
received his Ph.D. in Astronomy from the University College 
London and his M.Sc. in Geophysics and Planetary Physics 
from the University of Newcastle.

Dr. Crawford has contributed over 150 papers to scientific 
and professional journals on astronomy, planetary science, 
astrobiology, and space exploration, and his lunar science 
and exploration research has been hugely impactful – both the 
remote sensing work on the lunar surface and his laboratory 

Dr. Julie Stopar

Dr. Brett Denevi

Dr. Ian Crawford
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analysis of lunar samples. His work with lunar samples has 
helped “ground truth” remote sensing data obtained from orbit 
to provide a better understanding of the geological evolution 
of the lunar crust and mantle.

Dr. Crawford came to planetary science from a career in 
astronomy, where he conducted studies of the interstellar 
medium and circumstellar disks thought to be planetary systems 
in the early stages of formation. He was a Co-Investigator 
on the Compact Imaging X-Ray Spectrometer instrument 
that orbited the Moon on ESA’s SMART-1 spacecraft and 
was Science Team Chair for the X-Ray spectrometer that flew 
on India’s Chandrayaan-1 lunar mission. These instruments 
provided compositional information about the lunar surface 
that is being used to constrain models of lunar evolution. Ian’s 
leadership has been recognized through his roles on the 
ESA Human Spaceflight and Exploration Science Advisory 
Committee (2014-2017) and the European Space Sciences 
Committee (ESSC) of the European Science Foundation (2008-
2015), among many others. In 2007 he was a member of the 
UK Space Exploration Working Group, which recommended 
increased UK involvement in global space exploration. He has 
long had an interest in the future of space exploration and is 
convinced that space exploration and development will prove 
to be of central importance for the future of humanity.

Eugene Shoemaker Distinguished Scientist Medal

The Eugene Shoemaker Distinguished 
Scientist Medal, named after 
American geologist and one of the 
founders of planetary science, Eugene 
Shoemaker (1928-1997), is a lifetime 
achievement award given to a scientist 
who has significantly contributed 
to our understanding of the Moon 

and other small bodies in our solar system. The 2023 Eugene 
Shoemaker Distinguished Scientist Medal is awarded to Dr. 
William (Bill) Feldman for significant scientific contributions 
throughout the course of his career.

Dr. Feldman is a Senior Scientist Emeritus with the Planetary 
Science Institute (PSI) and currently resides in New Mexico. 
Dr. Feldman earned a B.S. in Physics from MIT, a Ph.D. in 

Physics from Stanford, and was a staff member at Los Alamos 
National Laboratory before joining PSI. His areas of expertise 
include neutron detectors, spectroscopy, remote sensing, and 
space-based observing. It is hard to overstate the effect that 
Dr. Feldman has had on lunar science and planetary science 
as a whole; in addition to contributing to the discovery of water 
in the lunar polar regions, he nearly singlehandedly founded 
the field of planetary neutron spectroscopy and pioneered 
X-ray, gamma-ray, and neutron spectroscopic techniques. He 
has more than 20 years of experience in the analysis and 
interpretation of planetary albedo neutron data and more than 
40 years of experience in the analysis and interpretation of 
solar wind and magnetospheric plasma data.

Dr. Feldman has held various mission roles (calibration/testing, 
data validation, instrument operations, instrument PI, mission 
Co-I, mission science team, etc.), for several NASA missions, 
including ACE, Dawn, Lunar Prospector, Mariner 10, Mars 
Observer, Mars Odyssey, MESSENGER, and Pioneer 10 and 
11. He served as Chairman of the NASA Solar Probe Science 
Study Team between 1988 and 1995. He received a Los 
Alamos National Laboratory distinguished performance award 
in 1985, was named a Laboratory Fellow in 1987, was elected 
Fellow of the American Geophysical Union in 1996, and is 
the author or co-author of more than 200 scientific papers in 
space physics research.

About SSERVI Exploration Science Awards

The SSERVI Exploration Science Awards range in scope 
from lifetime achievements to early career contributions in 
Exploration Science. Nominations from the community are 
strongly encouraged and are due on March 31 each year. 
Nominees do not need to reside in the U.S. or be a U.S. 
citizen, nor do they need to be a member of a SSERVI team. 
Any nominee who is not selected will automatically become 
a candidate for consideration the following two years if they 
still meet the award criteria. For more info on the awards and 
nomination criteria, visit sservi.nasa.gov/awards/.

Dr. William (Bill) Feldman

NASA AWARDS MILLIONS IN 
STEM RESEARCH GRANTS
NASA announced the recipients of its annual STEM 
grants, providing nearly $4 million in total funding, to 
support scientific and technical research that aligns 
with the agency’s strategic research and technology 

development priorities. By providing resources to STEM 
research, NASA helps create a stronger and more vibrant 
scientific community to drive innovation and push the 
boundaries of what is possible in space exploration.
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NASA STEM provides a unique 
opportunity for researchers to 
solve science and exploration 
issues impacting its programs 
and missions. Forty research 
projects from 21 universities and 
organizations were selected based 
on their merit and alignment with 
agency missions. Each grantee 
will focus on a range of agency 
research needs, including repair, 
manufacturing, and fabrication 
technology for deep space 
missions; methods for detecting 
and eliminating bacteria in 
spacecraft; and studies on lunar 
and martian regolith, including 
potential toxicity, suitability as 
soil for crops, and its ability to be 
used as construction material.

The grantees include Wichita State 
University in Kansas, which will 
receive funding to develop a compact, more efficient thermal 
management system for electric motors for vertical takeoff 
and landing vehicles. With the growth of electric, turbo-
electric, and hybrid electric propulsion systems, development 
of smaller, more efficient, and easily manufactured cooling 
systems for electric motors could have significant applications 
for the automotive, aviation, and space industries.

With NASA returning to the Moon through Artemis, new 
technologies are necessary to help achieve the goal of 
long-term lunar exploration. With efforts like NASA’s Lunar 
Surface Innovation Initiative, focusing on in-situ resource 
utilization of lunar materials, research from Louisiana 
State University will build upon in-space manufacturing 
advancements by studying the physical, chemical, and 
structural properties of alloys created from simulated regolith, 
including melting range, heat capacity, viscosity, and density.

To help NASA achieve its mission of unlocking the 
mysteries of the universe for the benefit of all, a research 
team from West Virginia University will develop a new 
concept in localization and guidance, navigation, and 
control algorithms for exploring Earth-like planets such 
as Venus. The team’s orbiter-assisted balloon navigation 
will use a variable-altitude balloon and orbiter to provide 
accurate geotagging and enable autonomous exploration 
of Venus, generating critical data to help understand 
Earth’s own formation and habitability change over time.

The remaining grantees are:

• Brown University, Providence, Rhode Island

• College of Charleston, Charleston, South Carolina

• Iowa State University, Ames, Iowa

• Montana State University, Bozeman, Montana

• Nevada System of Higher Education, Reno, Nevada

• New Mexico State University, Las Cruces, New Mexico

• Oklahoma State University, Stillwater, Oklahoma

• South Dakota School of Mines & 
Technology, Rapid City, South Dakota

• University of Alaska, Fairbanks, Alaska

• University of Alabama, Huntsville, Alabama

• University of Arkansas, Little Rock, Arkansas

• University of Delaware, Newark, Delaware

• University of Idaho, Moscow, Idaho

• University of Kentucky, Lexington, Kentucky

• University of Mississippi, University, Mississippi

• University of Nebraska, Omaha, Nebraska

• University of Puerto Rico, San Juan, Puerto Rico

• University of Wyoming, Laramie, Wyoming

Credit: NASA/Frank Michaux.
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NASA will partner with seven U.S. companies to meet future 
commercial and government needs, ultimately benefitting human 
spaceflight and the U.S. commercial low Earth orbit economy.

Through unfunded Space Act Agreements, the second 
Collaborations for Commercial Space Capabilities-2 initiative 
(CCSC-2) is designed to advance commercial space-related 
efforts through NASA contributions of technical expertise, 
assessments, lessons learned, technologies, and data.

Structured sharing of NASA expertise demands 
minimal government resources but fosters the 
development of capabilities that can be crucial to the 
development of a robust low Earth orbit economy.

The companies selected for the Collaborations 
for Commercial Space Capabilities-2 are:

• Blue Origin, Kent, Washington

• Northrop Grumman Systems Corporation, Dulles, Virginia

• Sierra Space Corporation, Broomfield, Colorado

• Space Exploration Technologies 
Corporation, Hawthorne, California

• Special Aerospace Services, Boulder, Colorado

• ThinkOrbital Inc., Lafayette, Colorado

• Vast Space LLC, Long Beach, California

“It is great to see companies invest their own capital 
toward innovative commercial space capabilities, 
and we’ve seen how these types of partnerships 
benefit both the private sector and NASA,” said Phil 
McAlister, director of commercial spaceflight at NASA 
Headquarters in Washington, D.C. “The companies 
can leverage NASA’s vast knowledge and experience, 
and the agency can be a customer for the capabilities 
included in the agreements in the future. Ultimately, these 
agreements will foster more competition for services and 
more providers for innovative space capabilities.”

NASA selected these proposals based on an evaluation of 
their relevance to achieving the agency’s goals and its ability 
to provide the requested resources, as well as the feasibility of 
the company’s business and technical approach. Each party 
bears the cost of its participation through the agreements.

Projects

Blue Origin is collaborating with NASA to develop 
integrated commercial space transportation capability 
that ensures safe, affordable, and high-frequency 
U.S. access to orbit for crew and other missions.

Northrop Grumman is collaborating with NASA on the 
company’s Persistent Platform to provide autonomous 
and robotic capabilities for commercial science research 
and manufacturing capabilities in low Earth orbit.

Sierra Space is collaborating with NASA for the development 
of the company’s commercial low Earth orbit ecosystem, 
including next-generation space transportation, in-space 
infrastructure, and expandable and tailorable space 
facilities providing a human presence in low Earth orbit.

SpaceX is collaborating with NASA on an integrated 
low Earth orbit architecture to provide a growing 
portfolio of technology with near-term Dragon evolution 
and concurrent Starship development. This architecture 
includes Starship as a transportation and in-space 
low Earth orbit destination element supported by 
Super Heavy, Dragon, and Starlink, and constituent 
capabilities including crew and cargo transportation, 
communications, and operational and ground support.

Special Aerospace Services is collaborating with NASA 
on an in-space servicing technology, propulsion, and 
robotic technology called the Autonomous Maneuvering 
Unit (AMU) and the Astronaut Assist-AMU for commercial 
in-space servicing and mobility applications intended for 
safer assembly of commercial low Earth orbit destinations, 
servicing, retrieval, and inspection of in-space systems.

ThinkOrbital is collaborating with NASA on the development 
of ThinkPlatforms and CONTESA (Construction Technologies 
for Space Applications). ThinkPlatforms are self-
assembling, single-launch, large-scale orbital platforms 
that facilitate a wide array of applications in low Earth 
orbit, including in-space research, manufacturing, and 
astronaut missions. CONTESA features welding, cutting, 
inspection, and additive manufacturing technologies, 
and aids in large-scale in-space fabrication.

Vast is collaborating with NASA on technologies and 
operations required for its microgravity and artificial 
gravity stations. This includes the Haven-1 commercial 
destination, which will provide a microgravity environment 
for crew, research, and in-space manufacturing, and 

SEVEN U.S. COMPANIES COLLABORATE WITH 
NASA TO ADVANCE SPACE CAPABILITIES
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the first crewed mission, called Vast-1, to the platform. 
Development activities for larger space station modules 
will also take place under the Space Act Agreement.

NASA’s support for a robust low Earth orbit economy is 
intended to boost education and job growth in science 
and engineering, and to spur economic growth through 
the creation of new space markets. The first Collaborations 
for Commercial Space Capabilities selections in 2014 
supported the development of four collaborations associated 
with commercial rockets, spacecraft, and spacesuits.

For decades, NASA has supported a continuous U.S. 
human presence in low Earth orbit with astronauts living 
and working aboard the International Space Station. In 
2019, NASA adopted a strategy to help achieve the 
agency’s goal of a low Earth orbit marketplace where 
NASA is one of many customers and the private sector 
leads the way. This strategy will enable NASA to continue 
using low Earth orbit to foster scientific discovery and 
technology development that both improves life on Earth 
and advances human exploration into deep space.

NASA announced the University of Alabama in Huntsville 
as the overall winner of the agency’s 2023 Student Launch 
challenge on June 6.

More than 800 students from across the U.S. and Puerto Rico 
launched high-powered, amateur rockets on April 15, near 
NASA’s Marshall Space Flight Center in Huntsville, Alabama, 
as part of the culminating event for the agency’s annual 
Student Launch challenge.

For nine months prior, teams of middle school, high school, 
college, and university students were tasked to design, build, and 
launch a rocket and scientific payload to an altitude between 
4,000 and 6,000 feet, while making a successful landing 
and executing a scientific or engineering payload mission.

2023 Overall Winners

• First place: University of Alabama in Huntsville
• Second place: University of North Carolina at Charlotte
• Third place: Vanderbilt University, Nashville, Tennessee

3D Printing Award

College Level:
• First place: Iowa State University, Ames, Iowa
• Middle/High School Level:
• First place: East Aurora High School, 

East Aurora, New York

Altitude Award

College Level:
• First place: Vanderbilt University, Nashville, Tennessee
• Second place: University of North Carolina at Charlotte
• Third place: University of Alabama in Huntsville

Middle/High School Level:
• First place: Spring Grove Area High 

School, Spring Grove, Pennsylvania
• Second place: Camas High School, Camas, Washington
• Third place: MATHmania Robotics, 

Mission Viejo, California

Best-Looking Rocket Award

College Level:
• First place: North Carolina State University, Raleigh
• Second place: Virginia Polytechnic Institute 

and State University, Blacksburg
• Third place: Auburn University, Alabama

Middle/High School Level:
• First place: Cedar Falls High School, Iowa
• Second place: Yamhill Carlton High 

School, Yamhill, Oregon
• Third place: Boy Scouts Troop 17, Charlottesville, Virginia

American Institute of Aeronautics and 
Astronautics Reusable Launch Vehicle 
Innovative Payload Award

College Level:
• First place: University of Alabama in Huntsville
• Second place: Washington University in St. Louis
• Third place: University of North Carolina at Charlotte

Judges’ Choice Award

Middle/High School Level:
• First place: Cedar Falls High School, Cedar Falls, Iowa
• Second place: Seabrook Intermediate 

School, Seabrook, Texas

NASA NAMES WINNERS OF 2023 STUDENT 
ROCKET LAUNCH COMPETITION
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• Third place: MATHmania Robotics, 
Mission Viejo, California

Project Review Award

College Level:
• First place: University of North Carolina at Charlotte
• Second place: Vanderbilt University, 

Nashville, Tennessee
• Third place: University of Notre Dame, Indiana

AIAA Reusable Launch Vehicle Award

College Level:
• First place: New York University, New York
• Second place: Washington University in St. Louis
• Third place: University of Alabama in Huntsville

AIAA Rookie Award

College Level:
• First place: United States Military 

Academy, West Point, New York
• Second place: Angelo State 

University, San Angelo, Texas
• Third place: University of Central Florida, Orlando

Safety Award

College Level:
• First place: University of North Carolina at Charlotte
• Second place: University of Alabama in Huntsville
• Third place: University of Notre Dame, Indiana

Social Media Award

College Level:
• First place: University of Puerto Rico, Mayaguez Campus
• Second place: North Carolina State University, Raleigh
• Third place: University of North Carolina at Charlotte

Middle/High School Level:
• First place: Morris County 4-H Rocketry 

Club, Morris County, New Jersey
• Second place: East Aurora High 

School, East Aurora, New York
• Third place: Boy Scouts Troop 17, Charlottesville, Virginia

STEM Engagement Award

College Level:
• First place: Vanderbilt University, Nashville, Tennessee
• Second place: University of Notre Dame, Indiana
• Third place: University of Alabama in Huntsville

Middle/High School Level:
• First place: Cedar Falls High School, Cedar Falls, Iowa

• Second place: MATHmania Robotics, 
Mission Viejo, California

• Third place: Camas High School, Camas, Washington

Service Academy Award

• First place: The U.S. Military Academy 
at West Point, New York

Vehicle Design Award

Middle/High School Level:
• First place: Yamhill Carlton Rocketry, Yamhill, Oregon
• Second place: Spring Grove Area High 

School, Spring Grove, Pennsylvania
• Third place: Cedar Falls High School, Cedar Falls, Iowa

Payload Design Award

Middle/High School Level:
• First place: Portland Rocketry, Portland, Oregon
• Second place: Yamhill Carlton Rocketry, Yamhill, Oregon
• Third place: Seabrook Intermediate 

School, Seabrook, Texas

Student Launch is one of NASA’s nine Artemis Student 
Challenges, activities that connect student ingenuity 
with NASA’s work returning to the Moon under Artemis 
in preparation for human exploration of Mars.

Marshall hosts Student Launch with management support 
provided by NASA’s Office of STEM Engagement – 
Southeast Region. Funding is provided, in part, by NASA’s 
Space Operations Mission Directorate and NASA’s 
Next Gen STEM project. Additional support is provided 
by Northrup Grumman, National Space Club Huntsville, 
American Institute of Aeronautics and Astronautics, 
National Association of Rocketry, Relativity Space, Bastion 
Technologies, and Siemens Digital Industries Software.

Replays of this launch event and award ceremony 
are available on NASA’s Marshall YouTube channel 
and the Student Launch Facebook page.
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NASA AWARDS $14 MILLION TO 
UNIVERSITIES FOR SUPPORTIVE 
STEM EFFORTS

NASA is investing more than $14 million in 19 U.S. colleges 
and universities to grow their STEM capacity to participate in 
critical spaceflight research and prepare a new generation of 
diverse students for careers in the nation’s science, technology, 
engineering, and math workforce.

The new MUREP (Minority University Research and 
Education Project) Curriculum Award was established this 
year to help Minority-Serving Institutions strengthen their 
STEM academic offerings.

NASA awarded five institutions a total of nearly $6 million 
to implement their curriculum-boosting projects. The selected 
institutions and their proposed projects are:

• Passaic County Community College, 
Paterson, New Jersey

PCCC Urban Climate Change Initiative

• Prince George’s Community College, 
Upper Marlboro, Maryland

Establishing STEM Majors at Prince George’s Community College

• University of Nevada, Las Vegas

Enhancing IDEAS at a Minority- and Hispanic-
Serving Institution through research and education for 
underserved students in partnership with NASA

• The University of Texas Rio Grande 
Valley, Edinburg, Texas

Remote-sensing and Analytics for Integrating 
Science Education with NASA SMD to Strengthen 
Student Research Capacity at MSI (RAISE)

• University of the District of Columbia, Washington

Developing NASA-infused Curriculum and Experiential 
Research for Student Success in Space Technology

The MUREP Space Technology Artemis Research opportunity 
supports NASA’s Space Technology Mission Directorate 
(STMD) by fostering and increasing MSI participation in 
research and technology development concepts that algin 
with the agency’s needs for upcoming Artemis missions to 
the Moon. The agency chose nine institutions, awarding a 
total of more than $8 million to carry out their projects.

The selected institutions and their proposed projects are:

• Cal Poly Pomona Foundation, 
Pomona, California

CubeSat Technology Exploration Program (CubeSTEP)

• California State University, Los Angeles

Additive Manufacturing on the Moon: Exploring 
the Potential of Laser Wire Directed Energy 
Deposition for Metallic Component Fabrication

• Cankdeska Cikana Community 
College, Fort Totten, North Dakota

The Research and Development of 
Extravehicular Activity Gait Assist Device

• Delaware State University, Dover

Constraining Exospheric Water Using Mid-IR 
Sensing and LIBS for Lunar Rover Missions

• College of the Desert, Palm Desert, California

A Penetrolyzer for Extracting Oxygen and 
Hydrogen from Mars Regolith

Howard University student Miles Phillips gives NASA astronaut Jessica Watkins 
a demonstration of his work with lasers during a tour of the Nuclear and Particle 
Physics Detector Laboratory at Howard University in Washington. Credit: 
NASA/Aubrey Gemignani.
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• Morgan State University, Baltimore

Muscular Atrophy Effects of Long Duration Human Exploration 
Mission on Vocal Fold Adduction for Airway Protection

• University of Maryland Eastern 
Shore, Princess Anne

DREAM: Developing Robotic Exploration 
with Agrobots and Moonbots

• University of North Texas, Denton

Protective Thermal Electro-Chromic Coatings 
(ProTECC) for Lunar Exploration

• The University of Texas at Arlington

Rotating Detonation Rocket Engines for In-Space Propulsion: 
Integrating Technology Development with STEM Engagement

The International Space Station Flight Opportunity provides a 
ride to low Earth orbit for mature, flight-ready research projects 
that align with NASA’s science and technology priorities. This 
opportunity entails cooperation with NASA’s International Space 
Station Research Office, mission directorates, and field centers.

NASA selected five institutions to receive $100,000 
each – $500,000, total – to complete their projects. 
These institutions and their proposed projects are:

• University of Delaware, Newark

Impact of Temperature Cycles and Outgassing on the 
Fiber-packaged Silicon Photonic Transceivers

• University of North Dakota, Grand Forks

Effect of Microgravity and Higher Radiation on Healing and 
Metastasis Potential of Omentum – ISS Flight Opportunity

• Nevada System of Higher Education

A Compact, Non-invasive, and Efficient Vision Screening 
System for Long-term Spaceflight Missions

• University of Kentucky, Lexington

KRUPS: ISS Flight for Telemetry and Recovery

• Oklahoma State University, Stillwater

Effect of Synergistic Space Effects on Properties 
of Novel Polymer Composite Materials

The awards are made possible through NASA’s Office of 
STEM Engagement and funded by MUREP, which provides 
resources and activities to support underserved students 
from K-12 through higher education, and EPSCoR, which 
partners with government, academia, and industry to 
improve research infrastructure in select U.S. jurisdictions.

Both MUREP awards were made through the annual Engagement 
Opportunities in NASA STEM FY 2023 solicitation. The EPSCoR 
ISS Flight Opportunity Award is also an annual solicitation. All the 
awards listed above have a three-year period of performance.

MI L ES TO N ES

NASA INVITES PUBLIC TO SIGN POEM 
THAT WILL FLY ABOARD EUROPA CLIPPER
Members of the public are invited to add their names to an 
original poem dedicated to NASA’s Europa Clipper mission 
before the spacecraft begins its journey to Jupiter’s moon 
Europa in October 2024. The poem and the names will be like 
a message in a bottle, traveling billions of miles as the mission 
investigates whether the ocean thought to lie beneath Europa’s 
icy crust could support life.

As part of the “Message in a Bottle” campaign, names 
received before 11:59 p.m. EST, December 31, 2023, will be 
stenciled onto a microchip, along with the poem, written by 
U.S. Poet Laureate Ada Limón and titled “In Praise of Mystery: 
A Poem for Europa.”

To sign, read the poem, and hear Limón recite the poem in 
an animated video, go to go.nasa.gov/MessageInABottle.

The site also enables participants to create and download 
a customizable souvenir — an illustration of your 
name on a message in a bottle against a rendering of 
Europa and Jupiter — to commemorate the experience. 
Participants are encouraged to share their enthusiasm 
on social media using the hashtag #SendYourName.

The “Message in a Bottle” campaign is similar to other 
NASA projects that have enabled tens of millions of people 
to send their names to ride along with Artemis I and 
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several Mars spacecraft. It draws from the agency’s long 
tradition of shipping inspirational messages on spacecraft 
that have explored our solar system and beyond. In the 
vein of NASA’s Voyagers’ Golden Record, which sent a 
time capsule of sounds and images to communicate the 
diversity of life and culture on Earth, the program aims 
to spark the imagination of people around the world.

Europa Clipper currently is being assembled, on camera, 
at the Jet Propulsion Laboratory (JPL). Set to launch from 
Cape Canaveral, Florida, the spacecraft will travel 2.6 
billion kilometers (1.8 billion miles) to reach the Jupiter 
system, where it will arrive in 2030. As it orbits Jupiter 

and flies by Europa about 50 times, it will log another 
800,000 kilometers (half-billion miles) while a suite 
of science instruments gathers data on the subsurface 
ocean, the ice crust, and the moon’s atmosphere.

In January, Limón visited JPL to see the spacecraft and learn 
more about the mission. She was appointed 24th Poet 
Laureate Consultant in Poetry by Librarian of Congress Carla 
Hayden in 2022 and reappointed for a second, two-year 
term in April 2023. Limón was born in Sonoma, California, 
and is of Mexican ancestry. She is the author of several poetry 
collections, including “The Hurting Kind” and “The Carrying,” 
which won the National Book Critics Circle Award for Poetry.

The Library of Congress Poetry and Literature Center is the 
home of the nation’s official poet, the Poet Laureate Consultant 
in Poetry — a position that has existed since 1937. The Library 
of Congress is the world’s largest library, offering access to the 
creative record of the United States — and extensive materials 
from around the world — both on-site and online. It is the 
main research arm of the U.S. Congress and home of the U.S. 
Copyright Office.

While NASA’s Perseverance rover and Ingenuity helicopter 
are busy exploring Mars, one-tenth-scale buildable models of 
them have begun touching down in homes around the globe.

Developed in cooperation with NASA’s Jet Propulsion 
Laboratory (JPL) in Southern California, a new LEGO ® 
Technic building set is based on the real rover and helicopter, 
which have been roaming through Mars’ Jezero Crater since 
landing there in February 2021. In its search for signs of 
ancient microbial life, Perseverance has been collecting Mars 
rock and soil samples for potential return to Earth by a future 

campaign. And Ingenuity became the first aircraft to perform 
powered, controlled flight on another planet, and since then, 
has gone on to complete more than 50 additional flights.

To create the building set, LEGO designers met with engineers 
at JPL to learn more about the engineering designs of the 
spacecraft. The kit is just one example of how JPL’s Technology 
Affiliates Program works with industry in cooperation 
with the Office of Technology Transfer and Corporate 
Partnerships at Caltech, which manages JPL for NASA. The 
latest in a history of NASA-LEGO collaborations, the kit 

The “Message in a Bottle” campaign offers everyone the opportunity to have 
their name stenciled onto a microchip bearing U.S. Poet Laureate Ada Limón’s 
“In Praise of Mystery: A Poem for Europa.” The chip will ride aboard NASA’s 
Europa Clipper spacecraft to Jupiter and its moon Europa. Credit: NASA.

MI L ES TO N ES

LANDING IN LIVING 
ROOMS: LEGO Models of NASA 

Mars Rover and Helicopter
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allows builders to explore key features of Perseverance 
like its mobility system and science instruments, see data 
returned by the rover, and complete interactive challenges.

By teaming with these technology transfer offices and 
programs, corporations can form strategic alliances 
with JPL to either license intellectual property, as was the 
case with LEGO, or gain access to JPL’s engineers and 
scientists to solve a range of technological problems. These 
cooperative efforts provide a streamlined way for JPL, one 
of 10 NASA centers around the country, to do business 
with the private sector. The end result is that technologies 
developed for the space program can benefit people 
on Earth and — in this particular case — help educate 
and excite the public about the space program.

Using the WATSON camera on its robotic arm, NASA’s Perseverance Mars 
rover took a selfie with the Ingenuity helicopter — seen here about 3.9 meters 
(13 feet) from the rover — on April 6, 2021. Credit: NASA/JPL-Caltech/MSSS.
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NE W AND 
NOTE WORTHY

By Erich Karkoschka

By Matthew Shindell

Firefly Books, 2023, 144 pp., Hardcover. $39.95. www.fireflybooks.com

University of Chicago Press, 2023, 248 pp., Hardcover. $27.50. www.press.uchicago.edu

This new edition of a classic book (previously published only in black and white) contains star charts 
and pictures, for all those who observe the night sky with unaided eyes, binoculars, or telescopes. It 
is equally useful for beginners and experienced old hands at astronomy. A legend among hobby 
astronomers, this entirely revised and updated edition has new celestial maps in full color, up-
to-date data from the Gaia spacecraft, and unique comparison images of most visible celestial 
objects. Sixty-one all-new star charts are good through 2060, and there are 532 pictures of stars, 
galaxies, and nebulae, 415 of them in full color. Very detailed position figures help astronomers 
navigate the charts and accurately pinpoint objects for viewing and knowing what they are 
seeing. The hobby astronomer can use it to find star clusters, gaseous nebulae, and galaxies 
throughout the night sky. Quick orientation is guaranteed, and intermediate astronomers can really 
enjoy the night sky for hours and hours by knowing where to locate the objects of their interest.

Mars and its secrets have fascinated and mystified humans since ancient times. Due to its vivid 
color and visibility, its geologic kinship with Earth, and its potential as our best hope for settlement, 
Mars embodies everything that inspires us about space and exploration. For the Love of Mars 
surveys the Red Planet’s place in the human imagination, beginning with ancient astrologers and 
skywatchers and ending in our present moment of exploration and virtual engagement. National 
Air and Space Museum curator Matthew Shindell describes how historical figures across eras and 
around the world have made sense of this mysterious planet. We meet Mayan astrologer priests 
who incorporated Mars into seasonal calendars and religious ceremonies; Babylonian astrologers 
who discerned bad omens; figures of the Scientific Revolution who struggled to comprehend it as 
a world; Victorian astronomers who sought signs of intelligent life; and twentieth- and twenty-first-
century scientists who have established a technological presence on its surface. Along the way, 
we encounter writers and artists from each of these periods who take readers and viewers along 
on imagined journeys to Mars. By focusing on the diverse human stories behind the telescopes 
and behind the robots we know and love, the author shows how Mars exploration has evolved 
in ways that have also expanded knowledge about other facets of the universe. This book is a 
captivating voyage through time and space for anyone curious about Curiosity and the Red Planet.

OBSERVER’S SKY ATLAS: The 500 Best Deep-Sky 
Objects with Charts and Images, Fourth Edition

FOR THE LOVE OF MARS: A Human 
History of the Red Planet
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By Meredith Bagby

Edited by Joao Duarte

William Morrow, 2023, 528 pp., Hardcover. $40.00. www.harpercollins.com

Elsevier, 2023, 608 pp., Paperback. $165.00. www.elsevier.com

The story of NASA’s Astronaut Class 8 is an unprecedented look at these extraordinary 
explorers who broke barriers and blasted through glass ceilings. Egos clashed, ambitions 
flared, and romances bloomed as the New Guys competed with one another and navigated 
the internal politics at NASA for a chance to rocket to the stars. Marking a departure from the 
iconic military test pilots who had dominated the space program since its inception, the New 
Guys arrived at the dawn of a new era of space flight. Teardrop-shaped space capsules from 
Mercury, Gemini, and Apollo gave way to the space shuttle, a revolutionary space plane 
capable of launching like a rocket, hauling cargo like a truck, and landing back on Earth like 
an airliner. They mastered this new machine from its dangerous first test flights to its greatest 
achievements: launching hundreds of satellites, building the International Space Station, and 
deploying the Hubble Space Telescope. This book depicts these charismatic young astronauts 
and the exuberant social and scientific progress of the space shuttle program against the efforts of 
NASA officials who struggled to meet America’s military demands and commercial aspirations.

Dynamics of Plate Tectonics and Mantle Convection, written by specialists in the field, gathers state-
of-the-art perspectives on the dynamics of plate tectonics and mantle convection. Plate tectonics is 
a unifying theory of solid Earth sciences. In its initial form, it was a kinematic theory that described 
how the planet’s surface is fragmented into several rigid lithospheric plates that move in relation 
to each other over the less viscous asthenosphere. Plate tectonics soon evolved to describe the 
forces that drive and resist plate movements. The Earth sciences community is now developing a 
new perspective that looks at plate tectonics and mantle convection as part of a single system. Why 
does our planet have plate tectonics, and how does it work? How does mantle convection drive 
the supercontinent cycle? How have tectono-convective modes evolved over Earth’s history? How 
did they shape the planet and impact life? Do other planets have mantle convection and tectonics? 
These are some of the fascinating questions explored in this book, providing perspectives from 
different vantage points and opening the curtain to the endeavors and stories behind the science.

THE NEW GUYS: The Historic Class of Astronauts That Broke 
Barriers and Changed the Face of Space Travel

DYNAMICS OF PLATE TECTONICS 
AND MANTLE CONVECTION
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Edited by Rebecca Thombre and Parag Vaisampayan

Edited by Les Johnson and Kenneth Roy

Edited by Henrik Hargitai

Elsevier, 2022, 342 pp., Paperback. $165.00. www.elsevier.com

Elsevier, 2023, 316 pp., Paperback. $165.00. www.elsevier.com

Available from My Science Shop, 2022, 90 pp., Paperback. $14.99. www.myscienceshop.com

New Frontiers in Astrobiology presents a simple and concise overview of the emerging field of 
astrobiology. Astrobiology studies the evolution, origin, and future of life on Earth and beyond. 
This book provides a brief overview of the current research and future status of this fascinating 
field. The book covers a wide range of topics from the history of astrobiology, the Big Bang, 
prebiotic chemistry, theories of the origin of life, extreme environments on Earth, and the quest for 
intelligent life in space. Currently, there is a critical gap in knowledge related to the future scope 
of astrobiology and its applications in science and society. This book takes critical perspectives 
to analyze the new frontiers in astrobiology post-Mars 2020/ExoMars missions that encompass 
the latest developments in the detection of biosignatures and habitability beyond our solar system 
(exomoons and exoplanets). The book is a valuable resource for students, researchers, and 
scientists who seek greater insights into understanding the current status and future of astrobiology.

Interstellar Travel: Purpose and Motivations is a comprehensive, technical look at the necessary 
considerations for interstellar travel addressed by leading experts in the field, from scientists 
studying possible destinations (exoplanets) and the vast distances between, to those concerned 
with building institutions and capabilities in society that could sustain such endeavors. In addition 
to the technical, medical, and anthropological aspects of deep space travel, the ethics and 
morality of spreading Earth-based life to other worlds is also examined. In this first book of a 
three-book compilation, Interstellar Travel: Purpose and Motivations offers in-depth, up-to-date 
and realistic technical and scientific considerations in the pursuit of interstellar travel and is an 
integral reference for scientists, engineers, researchers and academics working on, or interested 
in, space development and space technologies. With a renewed interest in space exploration 
and development evidenced by the rise of the commercial space sector and various governments 
now planning to send humans back to the moon and to Mars, so also is interest in taking the 
next steps beyond the solar system and to the ultimate destination — planets circling other stars.

Get your very own copy of the first geographic pocket atlas of Mars! Created for Mars 
Year 37, this pocket atlas and almanac includes maps related to the geography, geology, 
landing sites, and history of Mars. Forty-eight color physical map pages were newly 
created for this edition and serve as an excellent reference guide for all studies of the Red 
Planet. This full-color 90-page book includes a calendar; an orbit map; a visual index; 
telescopic, geographic, geologic, and historic maps; landing site guides; and more.

NEW FRONTIERS IN ASTROBIOLOGY

INTERSTELLAR TRAVEL: Purpose and Motivations

MARS 37 POCKET ATLAS AND ALMANAC 
FOR MARS YEAR 37
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Edited by Simone Marchi, Carol A. Raymond, and Christopher T. Russell

By Wallace Arthur

By Kevin M. Caruso

Cambridge University Press, 2022, 274 pp., Hardcover. $89.99. www.cambridge.org

Cambridge University Press, 2023, 150 pp., Paperback. $19.99. www.cambridge.org

Kevin M. Caruso, 2023, 100 pp., Hardcover. $27.17. Available from Amazon.com

The NASA Dawn mission, launched in 2007, aimed to visit two of the most massive protoplanets 
of the main asteroid belt: Vesta and Ceres. The aim was to further our understanding of the 
earliest days of the solar system and compare the two bodies to better understand their formation 
and evolution. This book summarizes state-of-the-art results from the mission and discusses the 
implications for our understanding not only of the asteroid belt but the entire solar system. The book 
is divided into three parts: Part 1 provides an overview of the main belt asteroids and provides an 
introduction to the Dawn mission; Part 2 presents key findings from the mission; and Part 3 discusses 
how these findings provide insights into the formation and evolution of the solar system. This is a 
definitive reference for academic researchers and professionals in planetary science, asteroid 
science, and space exploration.

The two most fascinating questions about extraterrestrial life are where it is found and what it is 
like. From our Earth-based vantage point, we are keen to know where the closest life to us is and 
how similar it might be to life on our home planet. This book deals with both key issues. It considers 
possible homes for life, with a focus on Earth-like exoplanets. And it examines the possibility that 
life elsewhere might be like life here, due to the existence of parallel environments, which may 
result in Darwinian selection producing parallel trees of life between one planet and another. 
Understanding Life in the Universe provides an engaging and myth-busting overview for any 
reader interested in the existence and nature of extraterrestrial life and the realistic possibility of 
discovering credible evidence for it in the near future.

This book explores the adventure of Pluto’s journey from the ninth planet in the solar system to 
the first Kuiper belt object. Find out about Pluto’s effects on the lives of those this little world has 
touched: Percival Lowell and his observatory and passion for all things Pluto; Clyde Tombaugh’s 
sketches leading to his 1930 discovery; Venetia Burney’s breakfast conversation naming 
Pluto; James Christy’s discovery of Pluto’s largest moon, named after his wife; the International 
Astronomical Union’s 2006 reclassification of Pluto to dwarf planet; Alan Stern’s 26-year 
persistence and teamwork in a New Horizons precision flyby in 2015; and participation by rock 
stars and the world in the New Horizons ongoing mission.

VESTA AND CERES: Insights from the Dawn 
Mission for the Origin of the Solar System

UNDERSTANDING LIFE IN THE UNIVERSE

PLUTO: My Journey from Last to First
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Developed for Astronomy Magazine

Produced by LEGO®

By Dominic Walliman and Ben Newman

$99.95. myscienceshop.com

23 pieces. $19.99. www.lego.com

Flying Eye Books, 2022, 80 pp., Hardcover. $19.99. www.flyingeyebooks.com

This richly detailed, injection-molded twelve-inch desktop globe of Enceladus features images 
supplied by Cassini during flybys in October and November of 2009. There are 80 identified and 
labeled features on this single-seam globe of Saturn’s sixth-largest moon, including craters, dorsa, 
fossae, planitiae, rupes, and sulci. The globe comes with an acrylic base and an informational flyer.

This toddler-friendly space toy has got it all. Little astronauts launch into a universe of open-ended 
play with parents and playtime partners as they build the space shuttle, blast astronauts into space, 
and act out endless stories of exploration and discovery. And, as kids’ imaginations take them 
out of this world, their cognitive thinking, spatial reasoning, and fine motor skills will soar. This set 
includes male and female astronaut figures, a buildable space shuttle with an opening body and 
wheels that turn, a movable ladder, and a buggy with wheels and a turning radar on top. Building 
instructions include a fun picture story involving models from the set to add an extra element of 
enjoyment to the creative construction and imaginative play. For ages 2 and up.

What is it like to live in space? Is there life on other planets? What exactly is a black hole? Join 
Professor Astro Cat and the gang as they travel across space to find out everything there is to know 
about our galaxy, the solar system, and the universe. From asteroids to alien life and rockets to 
rovers, there’s so much to discover in Frontiers of Space. Blast off with this revised edition featuring 
new content and the latest research and discoveries. For ages 5–11.

TWELVE-INCH ENCELADUS GLOBE

DUPLO SPACE SHUTTLE MISSION SET

PROFESSOR ASTRO CAT’S FRONTIERS OF SPACE
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By Carole Stott

Designed by Ben Rosset and Matthew O’Malley and produced by Renegade Game Studios

DK Children, 2023, 72 pp., Hardcover, $16.99. www.dk.com

$45.00. www.renegadegamestudios.com

Become an eyewitness to the fascinating world of outer space in this picture-led reference guide 
that takes readers on a visual tour of Earth and its neighborhood with this spectacular planetary 
guide. Children will be mesmerized by this eyewitness view from Mercury to Neptune, of the rocky 
planets, gas giants, dwarf planets, asteroids, comets, and other bodies that make up our solar 
system. This unique, beautifully illustrated guide reveals the secrets of space, examining the latest 
space exploration equipment, and the scientists behind discoveries, both ancient and new. Using 
striking full-color photographs and illustrations, discover where comets come from, learn why Pluto 
is now classified as a dwarf planet, and much more. For ages 8 to 12.

Since 2016, astronomers have been searching for a distant planet to explain the unique orbits of 
observable objects in the solar system. Do you have what it takes to find Planet X? In this game, 
players take on the role of astronomers and participate in a real scientific investigation. A free 
companion app can help find objects, publish theories, and deduce where Planet X must be. This 
game is designed for one to four astronomers and takes 60-75 minutes to play. For ages 13 and up.

PLANETS

THE SEARCH FOR PLANET X GAME
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