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Programs to engage audiences in 
planetary science have changed 
significantly over the past 10 years. 
Many new NASA programs exist 
that need the participation of the 
planetary science community!

Education or Public 
Engagement?
NASA Science-funded missions and 
instruments allow for public outreach 
and engagement under the “public 
communications” umbrella. Public 
engagement programs are conducted 
by NASA science missions, as well as 
by numerous NASA Centers, universities, 
and research institutions across the 

nation. Programs range from inspirational 
presentations to active participation events. 
Some examples from planetary missions 
include the artistic works created by the 
Psyche Inspired program, and the hundreds 
of informal education institution events 
conducted in connection with the Mars 
2020 Perseverance landing. The Cosmic 
Exploration Speaker Series, SkyFest family 
events, and Virtual Exploration Experiences 
with Planetary Scientists (VEEPS) at the 
Lunar and Planetary Institute (LPI), for 
example, are popular programs. Based 
on their experiences, LPI recommends 
that events be designed with a limited 
number of objectives, such as increasing 
awareness and interest in planetary 
science. All these programs are enhanced 
when scientists and engineers interact 
with the public and share their stories.

There is increasing research on public 
events that strives to answer questions: 
Why do audiences attend and what are 
their goals? What factors make an event 
more impactful? What are the long-
term impacts of participating in public 
engagement events? When working with 
young audiences, repeated engagement 

events have the potential to increase 
awareness of planetary science, support 
a child’s interest in science, and empower 
an individual’s STEM identity — their 
ability to see themselves as scientists.

Science education involves more rigorous 
considerations, including alignment to 
education standards, curriculum, and 
assessment of learning gains. It is not 
something to be engaged in casually.

Participate in NASA 
Science Mission 
Directorate’s Science 
Activation Portfolio
The NASA Science Mission Directorate 
(SMD) also funds the Science Activation 
(SciAct) portfolio. These competitively 
selected projects serve lifelong learners 
(from kindergarteners to senior citizens) 
in all science disciplines across the 
U.S., D.C., and U.S. territories. Over 23 
million learners were reached in 2021 
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Meeting a scientist and participating in an engaging 
activity have the potential to increase a child’s STEM 
identity. Credit: LPI.

In addition to providing their 
scientific expertise, planetary 
scientists participating in these 
workshops will learn best practices 
for engaging public audiences. ” 

“
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through the network of 43 projects and 
268 partnerships, many of which are 
planetary focused. The planetary science 
community is invited to participate!

The NASA SMD Community of Practice 
for Education (SCoPE) program connects 
scientists and engineers to NASA’s 
Science Activation effort. Planetary 
scientists are invited to attend a SCoPE 
event to learn more about different 
SciAct programs, share their expertise 
with audiences by partnering with a 
SciAct program, propose a collaborative 
NASA project by applying for a SCoPE 
Seed Grant, and join the NASA SCoPE 
Subject Matter Expert Database.

Planetary Resources and Content 
Heroes (ReaCH) conducts planetary 
engagement workshops for planetary 
scientists (including researchers, 
engineers, and graduate students) and 
informal educators who serve minority 
communities. In addition to providing their 
scientific expertise, planetary scientists 
participating in these workshops will 
learn best practices for engaging public 
audiences, with a focus on engaging 
Black and Latinx youth and their families.

The Planetary Learning that Advances the 
Nexus of Engineering, Technology, and 
Science (PLANETS) project is an out-of-
school-time program for youth in grades 
3–8 that provides STEM learning with an 
emphasis on integrating NASA planetary 
science and engineering, particularly 
for underserved audiences. PLANETS 
includes STEM units — each consisting 
of an engineering guide, a science 
guide, and educator resources — that 
the planetary community can use in their 
own public engagement programs.

The Infiniscope project creates digital 
learning experiences using NASA 
data and imagery that are inviting, 
accessible, and interactive for educators 
and learners of all ages. Infiniscope 
provides a virtual space to connect users 
with cutting-edge space exploration 
experiences that inspire curiosity, 
excitement, engagement, and confidence, 
offering a place where educators 
can collaborate and create their own 
interactive digital experiences. Scientists 
can leverage the developing tools 

or work with educators 
to create adaptive 
learning experiences.

The NASA Solar System 
Treks project produces a 
suite of online, web-based, 
interactive visualization 
and analysis portals. These 
tools enable mission 
planners, planetary scientists, 
students, and the public 
to explore the surfaces 
of a growing number of planetary 
bodies as seen through the eyes 
of many different instruments 
onboard a variety of spacecraft.

Other SciAct projects offer resources 
and roles for planetary scientists and 
engineers to leverage their expertise and 
share planetary science content. Some 
projects support programs at libraries 
and museums; the managers of these 
programs may be eager to partner 
with planetary scientists who can share 
their experiences, provide feedback on 
programs, and help conduct activities 
for their audiences. Other projects 
are developing curriculum and virtual 
programs; these benefit from the support 
of planetary scientists in helping to 
brainstorm interesting new topics, review 
scientific content, and participate in 

the development of resources such as 
videos for educators or the public.

Mentoring: 
Preparing and 
Supporting Students
One of the best ways for experienced 
planetary scientists to support future 
scientists is to mentor them. Many 
diverse students enter college with 
an interest in science and technology 
but are deterred by challenges and 
barriers. Having mentors who provide 
guidance and support can make 
a critical difference. The Summer 
Undergraduate Program for Planetary 
Research (SUPPR) is one example of 
planetary internship opportunities. In 
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Scientists gave webinars for libraries and their patrons in 2020 through 
the SciAct program NASA@My Library. Credit: LPI.

Scientists provide critical feedback for a less-experienced presenter preparing for the Lunar and Planetary 
Science Conference. Credit: LPI.
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this eight-week summer internship, 
undergraduates participate in NASA 
planetary geosciences research under the 
direction of a NASA-sponsored planetary 
science investigator at various science 
institutions. Other college internships are 
available on the Division of Planetary 
Science (DPS) Research Experiences for 
Undergraduates website. The LPI Summer 
Intern Program in Planetary Science 
provides undergraduate students with 
an opportunity to perform cutting-edge 
research, learn from widely respected 
planetary scientists, and discover 
exciting careers in planetary science. 
During the 10-week internship, students 
have opportunities to participate in 
enrichment activities, including lectures 
and career development workshops.

In addition to mentoring an intern, 
planetary scientists and engineers can 
provide feedback to students and other 
early-career scientists as they prepare for 
conference presentations, such as at the 
Lunar and Planetary Science Conference 
(LPSC) or the DPS Early Career Presenters 
Review. LPSC provides the opportunity for 
experienced attendees to mentor students 
for half a day, attending sessions together 
and learning to navigate the conference 
environment and meet other attendees.

There are also other workforce 
development programs that experienced 
planetary scientists and engineers can 

support. In SciAct’s NASA Community 
College Network, scientists partner 
with community college instructors 
teaching astronomy and space science 

courses. The SciAct’s NASA 
Neurodiversity Network 
invites scientists to apply to 
mentor neurodiverse high 
school students each summer. 
In the Center for Lunar 
Science and Exploration’s 
Exploration of the Moon 
and Asteroids by Secondary 
Students (ExMASS) program, 
planetary scientists are 
invited to mentor teams 
of students conducting 
authentic, inquiry-based 
lunar or asteroid research.

Planetary 
Efforts in
Citizen Science
With so much data to analyze, questions 
to answer, and problems to solve, 
planetary science can often benefit from 
the assistance of volunteers. In 2018, 
NASA Science began an initiative to fund 
professional scientists working on projects 
where volunteers can help. Publications 
in peer-reviewed journals are still a 
requirement, but the movement is growing, 
with over 25 ongoing citizen science 
projects. This includes five NASA citizen 
science projects in planetary science that 
can engage a broad range of audiences. 

In particular, three of 
those projects can be 
done by anyone with 
just a cellphone or 
laptop. The planetary 
community is welcome 
to propose citizen 
science approaches 
to any NASA ROSES 
solicitation, including 
some that are targeted 
to this approach to 
collaborative science.

Examples of ongoing 
missions that include 
citizen science 
opportunities for 

the public are the OSIRIS-REx citizen 
science project Target Asteroids and 
the opportunity for people to select 
which pictures the JunoCam takes of 

Jupiter. Amateur astronomers have 
also been monitoring impact events on 
Jupiter for several decades, something 
that is very difficult for professional 
astronomers due to limited telescope time.

Support NASA’s 
Community and 
Volunteer Efforts
The planetary community can support 
and participate in activities and events 
being conducted by volunteers, clubs, 
and museums by connecting with NASA 
national coordination efforts. These 
groups welcome planetary scientists as 
speakers or participants in events, as well 
as to share planetary data and resources.

The Jet Propulsion Laboratory coordinates 
the Solar System Ambassadors program, 
a public engagement effort that works 
with motivated volunteers across the 
nation to communicate the science 
and excitement of NASA’s space 
exploration missions and discoveries 
with the people in their communities. 
Volunteers apply to participate and 
conduct presentations and programs 
across the United States, and even 
internationally. Planetary scientists 
can apply to become an Ambassador, 
offer to present their science or share 
resources with Ambassadors, or contact 
the program to find other ways to support 
these volunteers and their programs.
NASA’s Night Sky Network is a 
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Solar System Ambassadors and other informal educators relished 
the opportunity to learn about lunar research from Dr. Rachel Klima. 
Credit: Johns Hopkins University Applied Physics Laboratory/LPI.

Scientists learning more about engaging audiences during a Sharing 
Planetary Science seminar. All planetary scientists are welcome and 
encouraged to participate in future seminars. Credit: LPI.
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nationwide coalition of amateur 
astronomy clubs bringing the science, 
technology, and inspiration of NASA’s 
missions to the general public. Clubs 
share their time and telescopes 
to provide the public with unique 
astronomy experiences at science 
museums, observatories, classrooms, 
and under the real night sky. Planetary 
scientists can contact clubs to give 
in-person or virtual presentations, to 
join the clubs, and to discuss other 
ways to support their programs.

NASA’s Museum and Informal Education 
Alliance (MIE Alliance) brings current 
NASA science and technology to 
audiences through the professional 
development of informal education 
providers (e.g., museum, planetarium, 
library, camp, and scout staff) and by 
providing access to NASA staff and 
materials. Interested scientists may 
contact the MIE Alliance to disseminate 
their resources or share their science 
with this large national network.

Leverage National 
and International 
Events

There are frequent opportunities for 
scientists to share their enthusiasm for 
planetary science with audiences. For 
example, they may want to participate 
in the DPS’s Trick or Treat and Telescopes 

program to set up a telescope on 
Halloween. Scientists can celebrate a 
major planetary mission milestone like 
a launch or landing by working with a 
local museum, planetarium, library, or 
astronomy club to hold a public event. 
Celestial events can also be a natural 
draw for curious audiences — scientists 
may leverage the interest and media 
surrounding eclipses and meteor showers 
to conduct a public engagement event.

There are established annual programs 
that the planetary community supports. 
The International Observe the Moon 
Night is held annually, typically in 
September or October. The Lunar 
Reconnaissance Orbiter team has played 
a key role in developing and conducting 
this event, along with the Solar System 
Exploration Research Virtual Institute, 
NASA Goddard Space Flight Center, 
NASA Ames Research Center, and the 
LPI. Everyone on Earth is invited to learn 
about lunar science and exploration, 
take part in celestial observations, and 
honor cultural and personal connections 
to the Moon. Like all planetary science 
events, this one relies heavily on the 
participation and support of the planetary 
science and engineering community.

Next Steps

For those planetary scientists and 
engineers who would like to participate 
but are not certain where to begin, the 
education and public engagement team 

at the LPI recommends that they learn 
more about engaging audiences by 
partnering with educators, by attending 
LPI’s Sharing Planetary Science seminars, 
or by applying to attend one of the 
Planetary ReaCH workshops. Scientists 
(including graduate students and other 
early-career scientists and engineers) 
should also consider contacting the 
communications and education specialists 
associated with their mission or NASA 
Center or university department, as 
well as other local organizations. Other 
opportunities include attending an 
education session during a science 
conference and talking with the 
attendees about their programs. The 
science education and communication 
communities are eager to work with the 
planetary science community and include 
scientists in programs for their audiences.
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FROM THE DESK 

OF LORI GL A ZE

EYES ON THE MOON

Lori S. Glaze

Director, NASA’s Planetary Science Division, April 2022

As I write, like the rest of the planetary 
science community, I am eagerly awaiting 
receipt of the Planetary Science and 
Astrobiology Decadal Survey for 2023–
2032. I am truly excited to see the Survey’s 
recommendations, but whatever the 
recommendations, I know for sure that the 
Moon is looming ever larger on our horizon 
as we continue to ramp up an incredible 
array of lunar exploration activities.

During the week of the Lunar and 
Planetary Science Conference (LPSC) 
in early March, I was able to make a 
short visit to the Johnson Space Center. 
While there, I got to see firsthand the 
intricate setup that has been used to 
extract precious gases from one of the 
last unopened Apollo samples, as part 
of the Apollo Next Generation Sample 
Analysis (ANGSA) program. The gases — 
which will be studied by scientists so that 
they can better understand the lunar gas 
signature — were captured as a prelude 

to the opening of core 73001, which 
has been locked in its vacuum-sealed 
container for 50 years and has now been 
unveiled. The accompanying half of the 
double drive tube core sample, which 
was not curated under vacuum conditions, 
was opened by the ANGSA team back 
in 2019. By opening these samples now, 
through ANGSA, scientists will be able 
to learn about the landslide deposit in 
the Taurus Littrow Valley from which 
they were obtained during the Apollo 17 
mission. Just as importantly, however, the 
ANGSA program is allowing the curation 
teams to gain valuable experience and 
lessons in how to best treat and preserve 
extraterrestrial samples, i.e., before we 
return a new slate of samples from the 
Moon during the Artemis missions.

Artemis I, the first of the new lunar missions, 
is nearing launch readiness. Onboard 
the launch vehicle will be the Planetary 
Science Division’s (PSD’s) Lunar Polar 

Hydrogen Mapper (LunaH-Map). This 
shoebox-sized spacecraft will be the 
second in our Small Innovative Missions 
for Planetary Exploration (SIMPLEx) class 
of missions to launch and it will use a 
compact neutron spectrometer to map 
hydrogen enrichments in the lunar south 
pole’s permanently shadowed regions, at 
unprecedented spatial resolution. When 
LunaH-Map arrives in lunar orbit it will 
join our Lunar Reconnaissance Orbiter 
(LRO), which is still proving to be a hugely 
valuable member of the planetary science 
fleet, as well as THEMIS-ARTEMIS (a 
Heliophysics Division mission). Even after 
almost 13 years in orbit around the Moon, 
LRO continues to provide astounding data 
that are widely used for both science and 
exploration purposes.

The space around the Moon will continue 
to fill with other missions over the next few 
years. For example, the Korean Pathfinder 
Lunar Orbiter (KPLO) mission — the 
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FROM T H E D ES K O F LO RI  G L A ZE

first space exploration mission from the 
Republic of Korea to travel beyond Earth 
orbit — will launch in the summer of 2022. 
The scientific payload of KPLO includes the 
NASA-provided ShadowCam instrument 
(which will provide high-resolution optical 
images of the Moon’s permanently 
shadowed regions), and PSD is proudly 
supporting a group of nine participating 
scientists on the KPLO science team. I’m 
excited to see KPLO lift off this summer 
and welcome another international 
agency to the planetary exploration 
family. I’m also looking forward to another 
of our upcoming SIMPLEx missions, 
Lunar Trailblazer, which will use its high-
resolution shortwave infrared sensor and 
imaging thermal radiometer to provide 
new insights into the character (e.g., form, 
abundance, and distribution) and origin of 
lunar water and the Moon’s “water cycle.”

For me, one of the most remarkable recent 
developments in planetary exploration 
has been witnessing the birth of the 
Commercial Lunar Payload Services 
(CLPS) initiative. With this new paradigm 
for exploration, we have gone from zero 
to seven planned CLPS deliveries to the 
lunar surface in just three years. We will 
start seeing a regular cadence of these 
deliveries beginning in late 2022, with 
the first three CLPS flights (one delivery 

from Astrobotic and two from Intuitive 
Machines) headed for the Moon’s 
Oceanus Procellarum, Lacus Mortis, as 
well as the lunar south pole. Of course, the 
Volatiles Investigating Polar Exploration 
Rover (VIPER) is also set to explore and 
prospect for volatiles at the south pole, in 
the Nobile Crater region, starting in 2023 
after being delivered by an Astrobotic 
CLPS lander. Late last year we selected 
eight new co-investigators whose addition 
to the VIPER team will enhance the 
mission’s expertise and ensure we achieve 
the maximum science yield from the rover.

I’ve covered here just a few of the many 
lunar-focused activities we are currently 
working at NASA, but I’m glad to note 
that there are several opportunities for 
the research and exploration community 
to be part of our lunar endeavors. For 
example, each crewed Artemis mission 
will have a Geology Team that will help 
define the science objectives and plan the 
crew activities for each mission, as well 
as work on pre-/post-mission activities 
(e.g., traverse planning, returned sample 
preliminary analyses). Membership 
of the Artemis Geology Teams will be 
competitively solicited through NASA’s 
Research Opportunities in Space and 
Earth Sciences (ROSES), with the first call 
(for Artemis III) intended to be released 

in ROSES-22. We will also be releasing 
another ANGSA call in ROSES-22, as 
well as Artemis instrument calls for crew-
deployed investigations and the Lunar 
Terrain Vehicle (LTV). Other ongoing 
lunar-focused ROSES solicitations include 
Payloads and Research Investigations on 
the Surface of the Moon (PRISM) calls 
for future CLPS payloads, as well as the 
Lunar Data Analysis Program (LDAP), the 
Development and Advancement of Lunar 
Instrumentation (DALI) program, and 
a second call for the Analog Activities 
to Support Artemis Lunar Operations 
program. We also anticipate releasing 
draft text for the next Solar System 
Exploration Research Virtual Institute 
(SSERVI) Cooperative Agreement Notice 
in the coming months.

As we look forward to seeing the first 
woman and the first person of color step 
foot on our nearest celestial neighbor 
during future Artemis missions, I am 
pleased to see such a strong outlook 
for the accompanying robotic lunar 
exploration. We are certainly at the 
start of something big, and I cannot wait 
to see the greatness achieved by the 
Artemis generation. I am comforted to 
know that the Moon will remain bright in 
our eyes, our minds, and our hearts for 
many years to come.
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Following the completion of critical 
mirror alignment steps, NASA’s James 
Webb Space Telescope team expects 
that Webb’s optical performance will be 
able to meet or exceed the science goals 
the observatory was built to achieve.

On March 11, the Webb team 
completed the stage of alignment 
known as “fine phasing.” At this key 
stage in the commissioning of Webb’s 
Optical Telescope Element, every 
optical parameter that has been 
checked and tested is performing 
at or above expectations. The team 
also found no critical issues and 
no measurable contamination or 
blockages to Webb’s optical path. The 
observatory can successfully gather 
light from distant objects and deliver 
it to its instruments without issue.

Although there are months to go 
before Webb ultimately delivers its 
new view of the cosmos, achieving this 
milestone means the team is confident 
that Webb’s first-of-its-kind optical 
system is working as well as possible.

“More than 20 years ago, the Webb 
team set out to build the most powerful 
telescope that anyone has ever put in 
space and came up with an audacious 
optical design to meet demanding science 
goals,” said Thomas Zurbuchen, associate 
administrator for NASA’s Science Mission 

Directorate in Washington. “Today we 
can say that design is going to deliver.”

While some of the largest ground-based 
telescopes on Earth use segmented primary 
mirrors, Webb is the first telescope in 
space to use such a design. The 6.5-meter 
(21-foot, 4-inch) primary mirror — much 
too big to fit inside a rocket fairing — is 
made up of 18 hexagonal, beryllium 
mirror segments. It had to be folded up 
for launch and then unfolded in space 

before each mirror was adjusted to within 
nanometers to form a single mirror surface.

“In addition to enabling the incredible 
science that Webb will achieve, the teams 
that designed, built, tested, launched, 
and now operate this observatory have 
pioneered a new way to build space 
telescopes,” said Lee Feinberg, Webb 
optical telescope element manager 
at NASA’s Goddard Space Flight 
Center in Greenbelt, Maryland.

With the fine-phasing stage of the 
telescope’s alignment complete, the 
team has now fully aligned Webb’s 
primary imager, the Near-Infrared 
Camera, to the observatory’s mirrors.

“We have fully aligned and focused the 
telescope on a star, and the performance 

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

NASA’S WEBB REACHES 
ALIGNMENT MILESTONE, OPTICS 
WORKING SUCCESSFULLY

While the purpose of this image was to focus on the bright star at the center for alignment evaluation, Webb’s 
optics and NIRCam are so sensitive that the galaxies and stars seen in the background show up. At this stage of 
Webb’s mirror alignment, known as “fine phasing,” each of the primary mirror segments has been adjusted to 
produce one unified image of the same star using only the NIRCam instrument. This image of the star, which is 
called 2MASS J17554042+6551277, uses a red filter to optimize visual contrast. Credit: NASA/STScI.

More than 20 years ago, the Webb 
team set out to build the most 
powerful telescope that anyone has 
ever put in space.”

“
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is beating specifications. We are excited 
about what this means for science,” 
said Ritva Keski-Kuha, deputy optical 
telescope element manager for Webb 
at NASA Goddard. “We now know 
we have built the right telescope.”

Over the next six weeks, the team 
will proceed through the remaining 
alignment steps before final science 
instrument preparations. The team will 

further align the telescope to include 
the Near-Infrared Spectrograph, Mid-
Infrared Instrument, and Near Infrared 
Imager and Slitless Spectrograph. In 
this phase of the process, an algorithm 
will evaluate the performance of each 
instrument and then calculate the final 
corrections needed to achieve a well-
aligned telescope across all science 
instruments. Following this, Webb’s 
final alignment step will begin, and 

the team will adjust any small, residual 
positioning errors in the mirror segments.

The team is on track to conclude 
all aspects of Optical Telescope 
Element alignment by early May, if 
not sooner, before moving on to 
approximately two months of science 
instrument preparations. Webb’s first 
full-resolution imagery and science 
data will be released in the summer.

When it’s fully assembled, NASA’s 
Europa Clipper will be as large as an 
SUV with solar arrays long enough to 
span a basketball court — all the better 
to help power the spacecraft during its 
journey to Jupiter’s icy moon Europa. 
And just about every detail of the 
spacecraft will have been handcrafted.

The assembly effort is already underway 
in clean rooms at the agency’s 
Jet Propulsion Laboratory (JPL) in 
Southern California. Now, engineering 
components and science instruments are 
beginning to stream in from across the 
country and Europe. Before year’s end, 
most of the flight hardware, including 
a suite of nine science instruments, is 
expected to be complete.

The main body of the spacecraft is a giant 
3-meter-tall (10-foot-tall) propulsion 
module, designed and constructed by 
Johns Hopkins University Applied Physics 
Laboratory (APL) in Laurel, Maryland, 
with help from NASA’s Goddard Space 
Flight Center in Greenbelt, Maryland, 
and JPL. The module, fitted with 
electronics, radios, cabling, and the 
propulsion subsystem, will ship to JPL 
this spring. Europa Clipper’s 3-meter-
wide (10-foot-wide) high-gain antenna 
also will be arriving at the Lab soon.

“We’re moving into the phase where 
we see the pieces all come together as 
a flight system,” said Europa Clipper 

Project Manager Jan 
Chodas of JPL. “It will 
be very exciting to 
see the hardware, the 
flight software, and the 
instruments get integrated 
and tested. To me, it’s the 
next level of discovery. 
We’ll learn how the 
system we designed 
will actually perform.”

Europa, which scientists 
are confident harbors 
an internal ocean with 
twice the amount of 
water in Earth’s oceans combined, may 
currently have conditions suitable for 
supporting life. Europa Clipper will 
orbit Jupiter and conduct multiple close 
flybys of Europa to gather data on 
the moon’s atmosphere, surface, and 
interior. Its sophisticated payload will 
investigate everything from the depth 
and salinity of the ocean to the thickness 
of the ice crust to the characteristics of 
potential plumes that may be venting 
subsurface water into space.

The first science instrument to be 
completed was delivered to JPL by a 
team at Southwest Research Institute 
in San Antonio, Texas. The ultraviolet 
spectrograph, called Europa-UVS, will 
search above the surface of Europa 
for signs of plumes. The instrument 
collects ultraviolet light, then separates 

the wavelengths of that light to help 
determine the composition of the moon’s 
surface and gases in the atmosphere.

As each instrument arrives at JPL, it 
will be integrated with the spacecraft 
and re-tested. Engineers need to be 
sure the instruments can communicate 
with the flight computer, spacecraft 
software, and the power subsystem.

Once all the components have been 
integrated to form the large flight 
system, Europa Clipper will move to 
JPL’s enormous thermal vacuum chamber 
for testing that simulates the harsh 
environment of deep space. There also 
will be intense vibration testing to ensure 
Europa Clipper can withstand the jostling 
of launch. Then it’s off to Cape Canaveral, 
Florida, for an October 2024 launch.

NASA BEGINS ASSEMBLY OF 
EUROPA CLIPPER SPACECRAFT

Clockwise from left: the propulsion module for NASA’s Europa Clipper, 
the ultraviolet spectrograph (Europa-UVS), the high-gain antenna, and an 
illustration of the spacecraft. Credit: NASA/JPL-Caltech/Johns Hopkins 
University Applied Physics Laboratory.
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For the leaders of this mission, seeing 
the engineering components come 
together with the fleet of instruments will 
be especially moving, knowing how 
hard their teams have pushed to work 
through the coronavirus pandemic.

“I don’t know how I’ll feel, seeing this 
come together. I suspect it will be 

somewhat overwhelming,” said JPL’s 
Robert Pappalardo, the Europa Clipper 
project scientist. “It’s happening — it’s 
becoming real. It’s becoming tangible.”

At the same time, the level of difficulty 
kicks up several notches as the layers of 
the project merge.

“All of the parallel paths of hardware and 
software development will start to join 
together in a way that’s very visible to 
the team,” said JPL’s Jordan Evans, the 
deputy project manager. “Everybody’s 
eyes turn toward the integrated system 
that’s coming together, which is exciting.”

Despite being the closest planet to 
the Sun, some craters on Mercury’s 
poles contain ice. The deposits, which 
were first detected in the early 1990s, 
were thought to be thick layers of 
nearly pure water ice. A new study 
published in Planetary Science 
Journal was able to characterize the 
icy deposits in Mercury’s north pole 
in greater detail and has provided 
a more robust way of finding and 
studying buried ice on other bodies.

“Mercury’s polar deposits stand out nicely 
in radar imagery, unlike on the Moon 

where it has been difficult to say for 
certain where and how much ice there 
is in polar craters,” said Dr. Edgard G. 
Rivera-Valentín, USRA Senior Scientist at 
the Lunar and Planetary Institute and lead 
author. “Studying these standout examples 
of polar ice deposits can help us improve 
how we search for them elsewhere 
with radar, such as on the Moon.”

The team of scientists used measurements 
from the Arecibo Observatory in Puerto 
Rico, which at the time had the world’s 
most powerful and most sensitive 
planetary radar system, to map in 

fine detail the ice deposits. The new 
data, along with measurements from 
the NASA MErcury Surface, Space 
ENvironment, GEochemistry, and 
Ranging (MESSENGER) spacecraft 
mission to Mercury, helped the team 
identify differences in how the buried 
ice scatters radar compared to 
nearby terrain and non-icy terrain.

“Our work shows that the diagnostic 
radar signature that is typically used to 
find buried ice is not robust. Instead, we 
found an improved way of identifying 
and studying buried ice,” said Rivera-

RADAR STUDIES OF ICE AT MERCURY 
MAY HELP ARTEMIS PROGRAM

This orthographic projection view provides a look at Mercury’s north polar region. The yellow regions in many of the craters mark locations that 
show evidence for water ice as detected by Earth-based radar observations from Arecibo Observatory in Puerto Rico. Credit: NASA/Johns Hop-
kins University Applied Physics Laboratory/Carnegie Institution of Washington.
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Valentín. This study confirms findings by 
an earlier modeling study by Drs. Anne 
Virkki and Sriram Bhiravarasu, who are 
both co-authors of the present work.

NASA is preparing to send the first 
woman and the first person of color to 
the Moon with the goal of establishing a 
long-term presence on its surface. Finding 
local sources of water can help provide 

important resources to support human 
habitation of the Moon. Although currently 
not operational, the legacy of the Arecibo 
planetary radar system continues to help 
not only understand far-away planets, 
but also to prepare humanity for its next 
steps toward exploring the Moon. 

Additionally, the authors noted differences 
in the radar “brightness” across the 

deposits, which may be attributed to 
compositional differences. “We found 
that some deposits in polar craters 
are nearly-pure water ice that is then 
surrounded by less and less ice in a clear 
gradational pattern,” said Rivera-Valentín.

Mercury will soon be studied again by 
a spacecraft, this time by the European 
Space Agency’s Mercury Planetary 
Orbiter part of the BepiColombo mission. 
This detailed radar study and findings will 
help inform the upcoming observations 
of the polar craters by the mission.

Caltech researchers used NASA’s Mars 
Reconnaissance Orbiter (MRO) to 
determine that surface water left salt 
minerals behind as recently as 2 billion 
years ago.

Mars once rippled with rivers and ponds 
billions of years ago, providing a potential 
habitat for microbial life. As the planet’s 
atmosphere thinned over time, that 
water evaporated, leaving the frozen 
desert world that MRO studies today.

It’s commonly believed that Mars’ water 
evaporated about 3 billion years ago. 
But two scientists studying data that 
MRO has accumulated at Mars over 
the last 15 years have found evidence 
that reduces that timeline significantly. 
Their research reveals signs of liquid 
water on the Red Planet as recently as 2 
billion to 2.5 billion years ago, meaning 
water flowed there about a billion 
years longer than previous estimates.

The findings. published in the journal 
AGU Advances on December 27, 2021, 
center on the chloride salt deposits 
left behind as icy meltwater flowing 
across the landscape evaporated.

While the shape of certain valley 
networks hinted that water may have 
flowed on Mars that recently, the 
salt deposits provide the first mineral 
evidence confirming the presence of 
liquid water. The discovery raises new 
questions about how long microbial 
life could have survived on Mars, if it 

ever formed at all. On Earth, at least, 
where there is water, there is life.

The study’s lead author, Ellen Leask, 
performed much of the research as part 
of her doctoral work at Caltech. She and 
Caltech professor Bethany Ehlmann used 
data from the MRO instrument called 
the Compact Reconnaissance Imaging 
Spectrometer for Mars (CRISM) to map 
the chloride salts across the clay-rich 
highlands of Mars’ southern hemisphere, 
terrain pockmarked by impact craters. 
These craters were one key to dating 

Instead, we found an 
improved way of identifying 
and studying buried ice.”

“

NASA’S MRO FINDS WATER 
FLOWED ON MARS LONGER 
THAN PREVIOUSLY THOUGHT

Part of the value of MRO is that our 
view of the planet keeps getting more 
detailed over time.”

“
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the salts — the fewer craters a terrain 
has, the younger it is. By counting the 
number of craters on an area of the 
surface, scientists can estimate its age.

MRO has two cameras that are perfect 
for this purpose. The Context Camera, 
with its black-and-white wide-angle 
lens, helps scientists map the extent of 
the chlorides. To zoom in, scientists turn 
to the High-Resolution Imaging Science 
Experiment (HiRISE) color camera, 

which allows them to see details as 
small as a Mars rover from space.
Using both cameras to create digital 
elevation maps, Leask and Ehlmann 
found that many of the salts were in 
depressions, once home to shallow 
ponds, on gently sloping volcanic 
plains. The scientists also found winding, 
dry channels nearby, former streams 
that once fed surface runoff (from the 
occasional melting of ice or permafrost) 
into these ponds. Crater counting and 

evidence of salts on top of volcanic 
terrain allowed them to date the deposits.

“What is amazing is that after more than 
a decade of providing high-resolution 
image, stereo, and infrared data, MRO 
has driven new discoveries about 
the nature and timing of these river-
connected ancient salt ponds,” said 
Ehlmann, CRISM’s deputy principal 
investigator. Her co-author, Leask, is 
now a post-doctoral researcher at Johns 
Hopkins University Applied Physics 
Laboratory, which leads CRISM.

The salt minerals were first discovered 14 
years ago by NASA’s Mars Odyssey 
orbiter, which launched in 2001. MRO, 
which has higher-resolution instruments 
than Mars Odyssey, launched in 2005 
and has been studying the salts, among 
many other features of Mars, ever 
since. Both are managed by NASA’s 
Jet Propulsion Laboratory (JPL).

“Part of the value of MRO is that 
our view of the planet keeps getting 
more detailed over time,” said Leslie 
Tamppari, the mission’s deputy project 
scientist at JPL. “The more of the planet 
we map with our instruments, the 
better we can understand its history.”

NASA’s Mars Reconnaissance Orbiter used its Context Camera to capture this image of Bosporos Planum on 
Mars. The white specks are salt deposits found within a dry channel. Credit: NASA/JPL-Caltech/MSSS.

ASTRONOMERS FIND TWO 
GIANT BLACK HOLES SPIRALING 
TOWARD A COLLISION

Supermassive black holes millions to 
billions of times the mass of our Sun 
lie at the heart of most galaxies, and 
astronomers are eager to know how 
these behemoths came to be. While 
they think most resulted from at least 
one merger between two smaller 
supermassive black holes, scientists 
lacked the observations that could 

give insight, since only one pair of 
supermassive black holes on the 
way to a merger had been found.

A new study may change that. 
Researchers observing a supermassive 
black hole report signs that it has 
a closely orbiting companion. The 
enormous duo, called a binary, circle 

one another about every two years.
If the team is correct, the diameter of the 
binary’s orbit is 10 to 100 times smaller 
than the only other known supermassive 
binary, and the pair will merge in roughly 
10,000 years. That might seem like a 
long time, but it would take a total of 
about 100 million years for black holes 
of this size to begin orbiting one another 
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and finally come together. So this pair is 
more than 99% of the way to a collision.

Joseph Lazio and Michele Vallisneri 
at NASA’s Jet Propulsion Laboratory 
provided insight into how supermassive 
black holes behave in a binary system 
and how to interpret the radio data.

Evidence that this supermassive black 
hole may have a companion comes 
from observations by radio telescopes 
on Earth. Black holes don’t emit light, 
but their gravity can gather disks of hot 
gas around them and eject some of that 
material into space. These jets can stretch 
for millions of light-years. A jet pointed 
toward Earth appears far brighter 
than a jet pointed away from Earth. 

Astronomers call supermassive black 
holes with jets oriented toward Earth 
blazars, and a blazar named PKS 2131-
021 is at the heart of this recent paper.

Located about nine billion light-years 
from Earth, PKS 2131-021 is one of 1800 
blazars that a group of researchers 
at Caltech has been monitoring with 
the Owens Valley Radio Observatory 
in Northern California for 13 years 
as part of a general study of blazar 
behavior. But this particular blazar 
exhibits a strange behavior. Its brightness 
shows regular ups and downs as 
predictably as the ticking of a clock.

Researchers now think this regular 
variation is the result of a second black 

hole tugging on the first as they orbit 
each other about every two years. Each 
of the two black holes in PKS 2131-021 
is estimated to be a few hundred million 
times the mass of our Sun. To confirm 
the finding, scientists will try to detect 
gravitational waves — ripples in space — 
coming from the system. The first detection 
of gravitational waves from black hole 
binaries was announced in 2016.

To confirm that the oscillations weren’t 
random or the cause of a temporary 
effect around the black hole, the team 
had to look beyond the decade (2008 
to 2019) of data from the Owens Valley 
Radio Observatory. After learning that 
two other radio telescopes had also 
studied this system — the University of 
Michigan Radio Observatory (1980 to 
2012) and the Haystack Observatory 
(1975 to 1983) — they dug into the 
additional data and found that it 
matched predictions for how the blazar’s 
brightness should change over time.

“This work is a testament to the 
importance of perseverance,” said Lazio. 

“It took 45 years of radio observations 
to produce this result. Small teams at 
different observatories across the country 
took data week in and week out, month 
in and month out, to make this possible.”

In this illustration, light from a smaller black hole (left) curves around a larger black hole and forms an almost-mirror image on 
the other side. The gravity of a black hole can warp the fabric of space itself such that light passing close to the black hole will 
follow a curved path around it. Credit: NASA JPL/Caltech.

Its brightness shows 
regular ups and downs as 
predictably as the ticking 
of a clock.” 

“
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NASA EXTENDS INGENUITY 
HELICOPTER MISSION

NASA has extended flight operations 
of the Ingenuity Mars Helicopter 
through September. In the months 
ahead, history’s first aircraft to operate 
from the surface of another world 
will support the Perseverance rover’s 
upcoming science campaign exploring 
the ancient river delta of Jezero Crater. 
Along the way, it will continue testing 
its own capabilities to support the 
design of future Mars air vehicles.

The announcement came on the heels 
of the rotorcraft’s 21st successful flight, 
the first of at least three needed for 
the helicopter to cross the northwest 
portion of a region known as “Séítah” 
and reach its next staging area.

“Less than a year ago we didn’t even 
know if powered, controlled flight 
of an aircraft at Mars was possible,” 
said Thomas Zurbuchen, the associate 
administrator of NASA’s Science Mission 
Directorate. “Now, we are looking 
forward to Ingenuity’s involvement in 
Perseverance’s second science campaign. 
Such a transformation of mindset in 
such a short period is simply amazing, 
and one of the most historic in the 
annals of air and space exploration.”

Ingenuity’s new area of 
operations is entirely different 
from the modest, relatively 
flat terrain it has been flying 
over since its first flight last 
April. Several miles wide 
and formed by an ancient 
river, the fan-shaped delta 
rises more than 40 meters 
(130 feet) above the crater 
floor. Filled with jagged 
cliffs, angled surfaces, 
projecting boulders, and 
sand-filled pockets that 
could stop a rover in its 
tracks (or upend a helicopter 
upon landing), the delta 
promises to hold numerous 

geologic revelations and perhaps 
even the proof necessary to determine 
that microscopic life once existed 
on Mars billions of years ago.

Upon reaching the delta, Ingenuity’s first 
orders will be to help determine which 
of two dry river channels Perseverance 
should take when it’s time to climb to 
the top of the delta. Along with routing 
assistance, data provided by the 
helicopter will help the Perseverance 
team assess potential science targets. 
Ingenuity may even be called upon to 
image geologic features too far afield (or 
outside of the rover’s traversable zone) or 
perhaps scout landing zones and caching 
sites for the Mars Sample Return program.

“The Jezero river delta campaign will 
be the biggest challenge the Ingenuity 
team faces since first flight at Mars,” said 

Teddy Tzanetos, Ingenuity team lead at 
NASA’s Jet Propulsion Laboratory (JPL). 
He added, “To enhance our chances of 
success, we have increased the size of 
our team and are making upgrades to our 
flight software geared toward improving 
operational flexibility and flight safety.”

Several of these upgrades have led to 
fewer navigation errors during flight, 
which increases both flight and landing 
safety. A recent software change already 
on the rotorcraft frees Ingenuity from 
its previously programmed maximum 
altitude of 15 meters (50 feet). The 
altitude gains could result in incremental 
increases in both air speed and range. 
A second upgrade allows Ingenuity 
to change airspeed as it flies, and 
another enables it to better understand 
and adjust to changes in terrain texture 
during flight. Future software upgrades 

may include adding terrain elevation 
maps into the navigation filter and a 
landing-hazard-avoidance capability.

Before aerial reconnaissance of the delta 
can begin, Ingenuity must complete its 
journey to the area. Ingenuity’s next 
flight will be a complex journey, about 
350 meters (1150 feet) in length, that 
includes a sharp bend in its course to 
avoid a large hill. After that, the team 
will determine whether two or three 
more flights will be required to complete 
the crossing of northwest Séítah.

The first experimental flight on another 
world took place on April 19, 2021, and 
lasted 39.1 seconds. After another four 

NASA’s Ingenuity Mars Helicopter acquired this image in the 
northwest portion of a region known as “Séítah” using its high-
resolution color camera during its 20th flight on February 25, 
2022. Credit: NASA/JPL-Caltech/ASU.

The Jezero river delta campaign will 
be the biggest challenge the Ingenuity 
team faces since first flight at Mars.”

“
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flights, six more minutes in the air, and 
traveling a total distance of 499 meters 
(1637 feet), NASA transitioned Ingenuity 
into an operations demonstration phase, 
testing its ability to provide an aerial 
dimension to the Perseverance mission. 
With the completion of its 21st flight, 
the rotorcraft logged over 38 minutes 

aloft and traveled 4.64. kilometers (2.9 
miles). As Ingenuity pushes farther into 
uncharted territory, these numbers will 
inevitably go up, and previous flight 
records will more than likely fall.

“This upcoming flight will be my 22nd 
entry in our logbook,” said Ingenuity 

chief pilot Håvard Grip of JPL. “I 
remember thinking when this all started, 
we’d be lucky to have three entries 
and immensely fortunate to get five. 
Now, at the rate we’re going, I’m 
going to need a second book.”

NASA has selected two science 
missions — the Multi-slit Solar Explorer 
(MUSE) and HelioSwarm — to help 
improve our understanding of the 
dynamics of the Sun, the Sun-Earth 
connection, and the constantly 
changing space environment. These 
missions will provide deeper insights 
into our universe and offer critical 
information to help protect astronauts, 
satellites, and communications 
signals such as those used in the 
Global Positioning System, or GPS.

“MUSE and HelioSwarm will provide 
new and deeper insight into the solar 
atmosphere and space weather,” 
said Thomas Zurbuchen, associate 
administrator for science at NASA 
Headquarters in Washington. “These 
missions not only extend the science of 
our other heliophysics missions — they 
also provide a unique perspective and 
a novel approach to understanding 
the mysteries of our star.”

MUSE
The MUSE mission will help scientists 
understand the forces driving the heating 
of the Sun’s corona and the eruptions 
in that outermost region that are at 
the foundation of space weather. The 
mission will offer deeper insight into 
the physics of the solar atmosphere by 
using a powerful instrument known as 
a multi-slit spectrometer to observe the 

Sun’s extreme ultraviolet 
radiation and obtain the 
highest-resolution images ever 
captured of the solar transition 
region and the corona.

The mission will also provide 
complementary observations 
from heliophysics research 
such as the Extreme UltraViolet 
Spectroscopic Telescope and 
ground-based observatories.

“MUSE will help us fill crucial 
gaps in knowledge pertaining 
to the Sun-Earth connection,” 
said Nicola Fox, director of the 
Heliophysics Division at NASA 
Headquarters. “It will provide 
more insight into space 
weather and complements 
a host of other missions 
within the heliophysics mission fleet.”

The primary goal of the MUSE mission 
is to investigate the causes of coronal 
heating and instability, such as flares 
and coronal mass ejections, and gain 
insight into the basic plasma properties 
of the corona. MUSE will obtain high-
resolution images of the evolution of solar 
flare ribbons in a field of view focused 
on a large, active region on the Sun.

The principal investigator for the MUSE 
mission is Bart DePontieu of the Lockheed 
Martin Advanced Technology Center 
(LMATC) of Palo Alto, California. This 

mission has a budget of $192 million. 
LMATC will provide project management.

HELIOSWARM
The HelioSwarm mission is a constellation 
or “swarm” of nine spacecraft that will 
capture the first multiscale in-space 
measurements of fluctuations in the 
magnetic field and motions of the solar 
wind known as solar wind turbulence. 
The Sun’s outermost atmospheric 
layer, the heliosphere, encompasses 
an enormous region of the solar 
system. Solar winds spread through 
the heliosphere, and their interactions 

NEW SUN MISSIONS TO HELP 
NASA BETTER UNDERSTAND 
EARTH-SUN ENVIRONMENT

A mid-level solar flare that peaked at 8:13 p.m. EDT on 
October 1, 2015, captured by NASA’s Solar Dynamics 
Observatory. Credit: NASA/SDO.
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with planetary magnetospheres and 
disruptions such as coronal mass 
ejections affect their turbulence.
Studying solar wind turbulence across 
large areas requires plasma measurements 
taken simultaneously from different points 
in space. HelioSwarm consists of one hub 
spacecraft and eight co-orbiting small 

satellites that range in distance from each 
other and the hub spacecraft. The hub 
spacecraft will maintain radio contact 
with each small satellite. All radio contact 
between the swarm and Earth will be 
conducted through the hub spacecraft 
and the NASA Deep Space Network of 
spacecraft communication antennas.

“The technical innovation of HelioSwarm’s 
small satellites operating together as a 
constellation provides the unique ability 
to investigate turbulence and its evolution 
in the solar wind,” said Peg Luce, deputy 
director of the Heliophysics Division.

Fast radio bursts are unpredictable, 
extremely short flashes of light from 
space. Astronomers have struggled to 
understand them ever since they were 
first discovered in 2007. So far, they have 
only ever been seen by radio telescopes.

Each flash lasts only thousandths of a 
second, yet each one sends out as much 
energy as the Sun produces in a day. 
Several hundred flashes go off every day, 
and they have been seen all over the 
sky. Most are huge distances from Earth 
in galaxies billions of light-years away.

In two papers published in parallel 
in the journals Nature and Nature 
Astronomy, an international team of 
astronomers presents observations that 
take scientists a step closer to solving 
the mystery while raising new questions. 
The team is led jointly by Franz Kirsten 
(Chalmers, Sweden, and ASTRON, 
The Netherlands) and Kenzie Nimmo 
(ASTRON and University of Amsterdam).

The scientists set out to make high-
precision measurements of a repeating 
burst source discovered in January 2020 
in the constellation of Ursa Major, the 
Great Bear.

“We wanted to look for clues to the bursts’ 
origins. Using many radio telescopes 
together, we knew we could pinpoint the 
source’s location in the sky with extreme 
precision. That gives the opportunity 
to see what the local neighborhood of 

a fast radio burst looks 
like,” said Franz Kirsten.

To study the source at the 
highest possible resolution 
and sensitivity, the scientists 
combined measurements 
from telescopes in the 
European VLBI Network 
(EVN). By combining data 
from 12 dish antennas 
spread across half the 
globe in Sweden, Latvia, 
The Netherlands, Russia, 
Germany, Poland, Italy and 
China, they were able to find out exactly 
where in the sky they were coming from.

The EVN measurements were 
complemented with data from 
several other telescopes including 
the Karl G. Jansky Very Large 
Array (VLA) in New Mexico.

When they analyzed their measurements, 
the astronomers discovered that the 
repeated radio flashes were coming 
from somewhere no one had expected. 
They traced the bursts to the outskirts 
of the nearby spiral galaxy Messier 
81 (M 81), about 12 million light-years 
away. That makes this the closest ever 
detection of a source of fast radio bursts.

There was another surprise in store. 
The location matched exactly with 
a dense cluster of very old stars 
known as a globular cluster.

“It’s amazing to find fast radio bursts 
from a globular cluster. This is a place 
in space where you only find old stars. 
Further out in the universe, fast radio 
bursts have been found in places where 
stars are much younger. This had to be 
something else,” said Kenzie Nimmo.

Many fast radio bursts have been found 
surrounded by young, massive stars much 
bigger than the Sun. In those locations, 
star explosions are common and leave 
behind highly magnetized remnants. 
Scientists have come to believe that fast 
radio bursts can be created in objects 
known as magnetars. Magnetars are 
the extremely dense remnants of stars 
that have exploded, and they are the 
universe’s most powerful known magnets.

“We expect magnetars to be shiny and 
new, and definitely not surrounded by 
old stars. So if what we’re looking at 

COSMIC FLASHES PINPOINTED TO A 
SURPRISING LOCATION IN SPACE

Source of mysterious radio signals. An artist’s impression of a 
magnetar in a cluster of ancient stars (in red) close to the spiral 
galaxy Messier 81 (M81). Credit: Chalmers University of Techno-
logy/Daniëlle Futselaar.
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here really is a magnetar, then it can’t 
have been formed from a young star 
exploding. There has to be another way,” 
said team member Jason Hessels of the 
University of Amsterdam and ASTRON.

The scientists believe that the source 
of the radio flashes is something that 
has been predicted but never seen 
before, a magnetar that formed when 
a white dwarf became massive enough 
to collapse under its own weight.

“Strange things happen in the multi-
billion-year life of a tight cluster of 
stars. Here we think we’re seeing a star 
with an unusual story,” said Kirsten.

Given time, ordinary stars like the Sun grow 
old and transform into small, dense, bright 
objects called white dwarfs. Many stars in 
the cluster live together in binary systems. 
Of the tens of thousands of stars in the 
cluster, a few get close enough for one star 
to collect material from the other. That can 
lead to a scenario known as “accretion-
induced collapse,” explained Kirsten.

“If one of the white dwarfs can catch 
enough extra mass from its companion, 
it can turn into an even denser star 
known as a neutron star. That’s a rare 
occurrence, but in a cluster of ancient 
stars, it’s the simplest way of making fast 
radio bursts,” said team member Mohit 
Bhardwaj of McGill University in Canada.

Looking for further clues by zooming 
into their data, the astronomers found 
another surprise. Some of the flashes were 
even shorter than they had expected.

“The flashes flickered in brightness within 
as little as a few tens of nanoseconds. 
That tells us that they must be coming 
from a tiny volume in space, smaller 
than a soccer pitch and perhaps only 
tens of meters across,” said Nimmo.

Similarly, lightning-fast signals have been 
seen from one of the sky’s most famous 
objects, the Crab pulsar, a tiny, dense 
remnant of a supernova explosion that 
was seen from Earth in 1054 CE in the 
constellation Taurus. Both magnetars 
and pulsars are different kinds of neutron 
stars, super-dense objects with the mass 
of the Sun in a volume the size of a 
city and with strong magnetic fields.

“Some of the signals we measured are short 
and extremely powerful, in just the same 
way as some signals from the Crab pulsar. 

That suggests that we are indeed seeing a 
magnetar, but in a place that magnetars 
haven’t been found before,” said Nimmo.

Future observations of this system and 
others will help to tell whether the source 
really is an unusual magnetar or something 
else, like an unusual pulsar or a black 
hole and a dense star in a close orbit.

“These fast radio bursts seem to be giving 
us new and unexpected insight into 
how stars live and die. If that’s true, they 
could, like supernovae, have things to 
tell us about stars and their lives across 
the whole universe,” said Kirsten.

If one of the white dwarfs 
can catch enough extra 
mass from its companion, 
it can turn into an even 
denser star known as a 
neutron star.” 

“

COSMIC MILESTONE:
NASA CONFIRMS 5000 EXOPLANETS
The count of confirmed exoplanets just 
ticked past the 5000 mark, representing 
a 30-year journey of discovery 
led by NASA space telescopes.

Not so long ago, we lived in a universe 
with only a small number of known 
planets, all of them orbiting our Sun. 

But a new raft of discoveries marks 
a scientific high point. More than 
5,000 planets are now confirmed 
to exist beyond our solar system.

The planetary odometer turned on 
March 21 with the latest batch of 
65 exoplanets — planets outside 

our immediate solar family — added 
to the NASA Exoplanet Archive. The 
archive records exoplanet discoveries 
that appear in peer-reviewed, scientific 
papers and that have been confirmed 
using multiple detection methods 
or by analytical techniques.
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The 5000-plus planets found 
so far include small, rocky 
worlds like Earth, gas giants 
many times larger than 
Jupiter, and “hot Jupiters” in 
scorchingly close orbits around 
their stars. There are “super-
Earths,” which are possible 
rocky worlds bigger than our 
own, and “mini-Neptunes,” 
smaller versions of our system’s 
Neptune. Also in the mix are 
planets orbiting two stars at 
once and planets stubbornly 
orbiting the collapsed 
remnants of dead stars.

“It’s not just a number,” said 
Jessie Christiansen, science 
lead for the archive and a 
research scientist with the NASA 
Exoplanet Science Institute at 
Caltech. “Each one of them 
is a new world, a brand-new planet. I 
get excited about every one because 
we don’t know anything about them.”

We do know this: Our galaxy likely holds 
hundreds of billions of such planets. The 
steady drumbeat of discovery began in 
1992 with strange new worlds orbiting 
an even stranger star. It was a type of 
neutron star known as a pulsar, a rapidly 
spinning stellar corpse that pulses with 
millisecond bursts of searing radiation. 
Measuring slight changes in the timing 
of the pulses allowed scientists to reveal 
planets in orbit around the pulsar.

Finding just three planets around this 
spinning star essentially opened the 
floodgates, according to Alexander 
Wolszczan, the lead author on the paper 
that, 30 years ago, unveiled the first planets 
to be confirmed outside our solar system.

“If you can find planets around a neutron 
star, planets have to be basically 
everywhere,” Wolszczan said. “The planet 
production process has to be very robust.”

Wolszczan, who still searches for 
exoplanets as a professor at Penn 
State, says we’re opening an era of 
discovery that will go beyond simply 
adding new planets to the list. The 
Transiting Exoplanet Survey Satellite 
(TESS), launched in 2018, continues 

to make new exoplanet discoveries. 
But soon powerful next-generation 
telescopes and their highly sensitive 
instruments, starting with the recently 
launched James Webb Space Telescope, 
will capture light from the atmospheres 
of exoplanets and read which gases 
are present to potentially identify tell-
tale signs of habitable conditions.

The Nancy Grace Roman Space 
Telescope, expected to launch in 2027, 
will make new exoplanet discoveries 
using a variety of methods. The European 
Space Agency (ESA) mission ARIEL, 
launching in 2029, will observe exoplanet 
atmospheres; a piece of NASA technology 
onboard, called CASE, will help zero 
in on exoplanet clouds and hazes.

“To my thinking, it is inevitable that we’ll 
find some kind of life somewhere — most 
likely of some primitive kind,” Wolszczan 
said. He added that the close connection 
between the chemistry of life on Earth and 
chemistry found throughout the universe, 
as well as the detection of widespread 
organic molecules, suggests detection 
of life itself is only a matter of time.

The picture didn’t always look so bright. The 
first planet detected around a Sun-like star 
in 1995 turned out to be a hot Jupiter, a 
gas giant about half the mass of our own 
Jupiter in an extremely close, four-day 

orbit around its star. In other words, a 
year on this planet lasts only four days.

More such planets appeared in the data 
from groundbased telescopes once 
astronomers learned to recognize them, first 
dozens, then hundreds. They were found 
using the “wobble” method, tracking slight 
back-and-forth motions of a star caused by 
gravitational tugs from orbiting planets. But 
still, nothing looked likely to be habitable.

Finding small, rocky worlds more like 
our own required the next big leap in 
exoplanet-hunting technology, the “transit” 
method. Astronomer William Borucki came 
up with the idea of attaching extremely 
sensitive light detectors to a telescope, 
then launching it into space. The telescope 
would stare for years at a field of more than 
170,000 stars, searching for tiny dips in 
starlight when a planet crossed a star’s face.

That idea was realized in the Kepler Space 
Telescope. Borucki, principal investigator 
of the now-retired Kepler mission, says its 
launch in 2009 opened a new window 
on the universe. “I get a real feeling of 
satisfaction, and really of awe at what’s 
out there,” he said. “None of us expected 
this enormous variety of planetary 
systems and stars. It’s just amazing.”

What do planets outside our solar system, or exoplanets, look like? A variety of possibilities are shown in this illustration. 
Scientists discovered the first exoplanets in the 1990s. As of 2022, the tally stands at just over 5000 confirmed exoplanets. 
Credits: NASA/JPL-Caltech.
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NASA’S PSYCHE GETS HUGE 
SOLAR ARRAYS FOR TRIP TO 
METAL-RICH ASTEROID

NASA’s Psyche mission is almost ready 
for its moment in the Sun — a 2.4-billion-
kilometer (1.5-billion-mile) solar-powered 
journey to a mysterious, metal-rich asteroid 
of the same name. Twin solar arrays have 
been attached to the spacecraft body, 
unfolded lengthwise, and then restowed. 
This test brings the craft that much closer 
to completion before its August launch.

“Seeing the spacecraft fully assembled for 
the first time is a huge accomplishment; 
there’s a lot of pride,” said Brian Bone, 
who leads assembly, test, and launch 
operations for the mission at NASA’s Jet 
Propulsion Laboratory (JPL) in Southern 
California. “This is the true fun part. 
You’re feeling it all come together. You 
feel the energy change and shift.”

At 75 square meters (800 square feet), the 
five-panel, cross-shaped solar arrays are 
the largest ever installed at JPL, which has 
built many spacecraft over the decades. 
When the arrays fully deploy in flight, the 
spacecraft will be about the size of a 
singles tennis court. After a three-and-a-

half-year solar-powered cruise, the craft 
will arrive in 2026 at the asteroid Psyche, 
which is 280 kilometers (173 miles) at its 
widest point and thought to be unusually 
rich in metal. The spacecraft will spend 
nearly two years making increasingly 
close orbits around the asteroid to study it.

Venturing to the asteroid belt between 
Mars and Jupiter, far from the Sun, presents 
challenges for this mission, which adapted 
standard Earth-orbiting commercial 
satellite technology for use in the cold 
and dark of deep space. Near Earth, 
the solar arrays generate 21 kilowatts, 
enough electricity to power three or four 
average U.S. homes. But at Psyche, they’ll 
produce only about 2 kilowatts, sufficient 
for powering little more than a hairdryer.

The underlying technology isn’t much 
different from solar panels installed on 
a home, but Psyche’s are hyper-efficient, 
lightweight, radiation-resistant, and 
able to provide more power with less 
sunlight, according to Peter Lord, Psyche 
technical director at Maxar Technologies 

in Palo Alto, California, where the 
arrays and solar electric propulsion 
chassis were built. “These arrays are 
designed to work in low-light conditions, 
far away from the Sun,” he added.

After the successful installation and 
deployment of the three center panels 
inside a clean room at JPL, Psyche’s arrays 
were folded back against the chassis and 
stowed for additional spacecraft testing. 
The arrays will return to Maxar, which 
has specialized equipment to test the 
deployment of the two perpendicular cross 
panels. Later this spring, the arrays will be 
reunited with the spacecraft at NASA’s 
Kennedy Space Center in Florida and 
stowed for launch from Cape Canaveral.

About an hour after launch, the arrays 
will deploy and latch into place in a 
process that will take seven and a half 
minutes per wing. They will then provide 
all the power for the journey to asteroid 
Psyche, as well as the power needed 
to operate the science instruments: a 
magnetometer to measure any magnetic 

Before a deployment test in a clean room at JPL, engineers examine one of Psyche’s two solar arrays. The arrays 
are folded and stowed flush with the chassis, as shown here, before launch and then deployed in flight. Credit: 
NASA/JPL-Caltech.
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field the asteroid may have, imagers to 
photograph and map its surface, and 
spectrometers to reveal the composition 
of that surface. The arrays also power the 
Deep Space Optical Communications 
technology demonstration that will test 
high-data-rate laser communications.

What those instruments relay to scientists 
will help them better understand the 
mysterious asteroid. One possible 
explanation for Psyche’s unusually high 
metal content is that it formed early in our 
solar system’s history, either as remnant 
core material from a planetesimal, one 

of the building blocks of rocky planets, 
or as primordial material that never 
melted. This mission aims to find out and 
help answer fundamental questions 
about Earth’s own metal core and 
the formation of our solar system.

Launching with the Artemis I uncrewed 
test flight, NASA’s shoebox-sized 
Near-Earth Asteroid (NEA) Scout 
will chase down what will be the 
smallest asteroid ever to be visited by a 
spacecraft. It will get there by unfurling 
a solar sail to harness solar radiation 
for propulsion, making this the agency’s 
first deep space mission of its kind.

The target is 2020 GE, a near-Earth 
asteroid that is less than 18 meters (60 
feet) in size. Asteroids smaller than 100 
meters (330 feet) across have never 
been explored up close before. The 
spacecraft will use its science camera 
to get a closer look, measuring the 
object’s size, shape, rotation, and surface 
properties while looking for any dust and 
debris that might surround 2020 GE.

Because the camera has a resolution of 
less than 10 centimeters (4 inches) per 
pixel, the mission’s science team will be 
able to determine whether 2020 GE is 
solid, like a boulder, or if it is composed 
of smaller rocks and dust clumped 
together like some of its larger asteroid 
cousins, such as asteroid Bennu.

“Thanks to the discoveries of NEAs by 
Earth-based observatories, several targets 
had been identified for NEA Scout, all 
within the 5-to-30-meter [16-to-100-foot] 
size range,” said Julie Castillo-Rogez, the 
mission’s principal science investigator at 
NASA’s Jet Propulsion Laboratory (JPL). 

“2020 GE represents 
a class of asteroid that 
we currently know 
very little about.”

2020 GE was first 
observed on March 12, 
2020, by the University 
of Arizona’s Catalina 
Sky Survey as part of its 
search for near-Earth 
objects for NASA’s 
Planetary Defense 
Coordination Office.

Developed under 
NASA’s Advanced 
Exploration Systems Division by Marshall 
Space Flight Center in Huntsville, 
Alabama, and JPL, NEA Scout is a 
science and technology demonstration 
mission that will enhance the agency’s 
understanding of small NEAs. Using a 
six-unit CubeSat form factor, it will ride as 
one of 10 secondary payloads aboard 
the powerful Space Launch System (SLS) 
rocket, which will launch from NASA’s 
Kennedy Space Center in Florida. NEA 
Scout will then be deployed from a 
dispenser attached to the adapter ring that 
connects the rocket and Orion spacecraft.

The mission will act as a nimble scout 
for future human and robotic missions 
that may utilize asteroid resources and 
will gain important planetary defense 
insights about this class of NEA.

“Although large asteroids are of most 
concern from a planetary defense 
perspective, objects like 2020 GE are far 
more common and can pose a hazard 
to our planet, despite their smaller size,” 
said Castillo-Rogez. The Chelyabinsk 
meteor was caused by a small asteroid 
about 20 meters (65 feet) in diameter; 
it exploded over the Russian city on 
February 15, 2013, creating a shockwave 
that broke windows all over the city and 
injured more than 1,600 people. That 
was the same class of NEA as 2020 GE.

Low Mass, High Performance

Learning more about asteroid 2020 GE 
is only part of NEA Scout’s job. It will 
also demonstrate solar sail technology 
for deep space encounters. When 

NASA SOLAR SAIL MISSION 
TO CHASE TINY ASTEROID 
AFTER ARTEMIS I LAUNCH

NEA Scout is composed of a small, shoebox-sized CubeSat (top left) and 
a thin, aluminum-coated solar sail about the size of a racquetball court 
(bottom left). After the spacecraft launches aboard Artemis I, the sail will 
use sunlight to propel the CubeSat to a small asteroid (as depicted in an 
illustration, right). Credit: NASA.
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released from its dispenser after launch, 
the spacecraft will use stainless steel 
alloy booms to unfurl a solar sail that will 
expand from a small package to a sail 
about the size of a racquetball court, or 
86 square meters (925 square feet).

Made from plastic-coated aluminum 
thinner than a human hair, this lightweight, 
mirror-like sail will generate thrust 
by reflecting solar photons, quantum 
particles of light radiating from the Sun. 
The sail will provide most of NEA Scout’s 
propulsion, but small cold-gas thrusters 
with a limited propellant supply will also 
assist with maneuvers and orientation.

“The genesis of this project was a question: 
Can we really use a tiny spacecraft to 
do deep space missions and produce 
useful science at a low cost?” said Les 
Johnson, the mission’s principal technology 
investigator at Marshall. “This is a huge 

challenge. For asteroid characterization 
missions, there’s simply not enough 
room on a CubeSat for large propulsion 
systems and the fuel they require.”

Sunlight acts as a constant force, so a 
tiny spacecraft equipped with a large 
solar sail can eventually travel many 
miles per second. Solar sails are a 
high-performance propulsion system for 
low-mass and low-volume spacecraft, 
according to Johnson. NEA Scout will 
maneuver by tipping and tilting its sail to 
change the angle of sunlight, altering the 
amount of thrust and direction of travel, 
the way a boat uses the wind to sail.

In September 2023, asteroid 2020 
GE will make a close approach to 
Earth, and with a gravitational assist 
from the Moon, NEA Scout will have 
gathered enough speed to catch up. 
Mission navigators will fine-tune NEA 

Scout’s trajectory before the spacecraft 
approaches within a mile of the asteroid.

“NEA Scout will accomplish probably the 
slowest flyby of an asteroid ever — at 
a relative speed of less than 30 meters 
[100 feet] per second,” said Castillo-
Rogez. “This will give us a few hours to 
gather invaluable science and allow us 
to see what asteroids of this class look 
like up close.”

NEA Scout sets the stage for future solar 
sails. NASA’s Advanced Composite 
Solar Sail System will demonstrate novel, 
lightweight booms to deploy a solar 
sail from a CubeSat following its 2022 
launch. After that, Solar Cruiser, a nearly 
1,700-square-meter (18,000-square-
foot) solar sail technology demonstration, 
will use sunlight to travel toward the 
Sun in 2025, enabling future missions 
to better monitor space weather.

The moment that debris from destroyed 
planets impacts the surface of a white 
dwarf star has been observed for the 
first time by astronomers at the University 
of Warwick. They used X-rays to detect 
the rocky and gaseous material left 
behind by a planetary system after 
its host star dies as it collides and is 
consumed within the surface of the star.

Published on February 9, 2022, in 
Nature, the results are the first direct 
measurement of the accretion of rocky 
material onto a white dwarf. The 
results confirm decades of indirect 
evidence of accretion in over a 
thousand stars so far. The observed 
event occurred billions of years after 
the formation of the planetary system.

The fate of most stars, including those 
like our Sun, is to become a white 
dwarf. Over 300,000 white dwarf 
stars have been discovered in our 
galaxy, and many are believed to be 

accreting the debris from planets and 
other objects that once orbited them.

For several decades, astronomers 
have used spectroscopy at optical and 
ultraviolet wavelengths to measure 

the abundances of elements on the 
surface of the star and determine the 
composition of the object it came from. 
Astronomers have indirect evidence that 
these objects are actively accreting from 
spectroscopic observations which show 

FINAL MOMENTS OF PLANETARY 
REMNANTS SEEN FOR FIRST TIME

Detecting these X-rays is 
very challenging as the 
small amount that reaches 
Earth can be lost among 
other bright X-ray sources 
in the sky.” 

“
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25-50% of white dwarfs with heavy 
elements such as iron, calcium, and 
magnesium polluting their atmospheres.

Until now, though, astronomers had not 
seen the material as it was pulled into 
the star.

Tim Cunningham of the University 
of Warwick’s Department of Physics 
said, “We have finally seen material 
actually entering the star’s atmosphere. 
It is the first time we’ve been able to 
derive an accretion rate that doesn’t 
depend on detailed models of the 
white dwarf atmosphere. What’s quite 
remarkable is that it agrees extremely 
well with what’s been done before.

“Previously, measurements of accretion 
rates have used spectroscopy and 
have been dependent on white 
dwarf models. These are numerical 
models that calculate how quickly an 
element sinks out of the atmosphere 
into the star, and that tells you how 
much is falling into the atmosphere as 
an accretion rate. You can then work 
backwards and work out how much 
of an element was in the parent body, 
whether a planet, moon, or asteroid.”

A white dwarf is a star that has burned 
up all its fuel and shed its outer layers, 
potentially destroying or unsettling any 
orbital bodies in the process. As material 
from those bodies is pulled into the star 
at a high enough rate, it slams into the 
surface of the star, forming a shock-heated 
plasma. This plasma, with a temperature 
between 100,000 to a million kelvin, then 
settles on the surface, and as it cools, it 
emits X-rays that can be detected.

X-rays are like the light our eyes can see, 
but they have much more energy. They 

are created by very fast-moving electrons 
(the outer shells of atoms, which make 
up all the matter around us). Commonly 
known for their use in medicine, in 
astronomy, X-rays are the key fingerprint 
of material raining down on exotic objects 
such as black holes and neutron stars.

Detecting these X-rays is very challenging 
as the small amount that reaches Earth 
can be lost among other bright X-ray 
sources in the sky. So the astronomers 
took advantage of the Chandra X-ray 
Observatory, normally used to detect 
X-rays from black holes and neutron stars 
that are accreting, to analyze the nearby 
white dwarf G29–38.

With Chandra’s improved angular 
resolution over other telescopes, they 
were able to isolate the target star from 

other X-ray sources. For the first time, 
X-rays were viewed from an isolated 
white dwarf, confirming decades of 
observations of material accreting into 
white dwarfs that have relied upon 
evidence from spectroscopy.

Cunningham added, “What’s really 
exciting about this result is that we’re 
working at a different wavelength, X-rays, 
and that allows us to probe a completely 
different type of physics. This detection 
provides the first direct evidence that white 
dwarfs are currently accreting the remnants 
of old planetary systems. Probing accretion 
in this way provides a new technique 
by which we can study these systems, 
offering a glimpse into the likely fate of the 
thousands of known exoplanetary systems, 
including our own solar system.”

Artist’s impression of a white dwarf, G29-38, accreting planetary material from a circumstellar debris disk. 
When the planetary material hits the white dwarf’s surface, a plasma is formed and cools via detectable X-ray 
emission. Credit: University of Warwick/Mark Garlick.
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MEE TING HIGHLIGHTS

53RD LUNAR AND PLANETARY 
SCIENCE CONFERENCE

The 53rd 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, was 
held as a hybrid event on March 7–11, 
2022, at The Woodlands Waterway 
Marriott Hotel and Convention Center in 

The Woodlands, Texas, and in a virtual 
conference environment. Attendance 
was high, with 2,035 attendees 
(968 in-person and 1,067 virtual). 
Submitted abstract numbers were also 
high, with 1,960 abstracts submitted 
from 42 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 such topics as the Mars 2020 
Perseverance rover at Jezero Crater, 
Apollo lunar sample analysis, the current 
state of knowledge of Venus, scientific 
results from the Chinese exploration 
programs, and sample analysis from the 

Hayabusa2 project. For the first time, LPSC 
featured a full session of presentations and 
conversations on “Advancing Inclusion, 
Diversity, Equity, and Accessibility in 
the Planetary Workforce.” The complete 
program and abstracts are available at 
www.hou.usra.edu/meetings/lpsc2022/
pdf/lpsc2022_program.htm. 

The plenary session on Monday 
afternoon featured the Masursky Lecture, 

“To Venus and Back Again,” by Dr. 
Martha Gilmore of Wesleyan University. 
The winners of the NASA Early-Career 
Award, the 2021 Dwornik Award, the 

2022 LPI Career Development Award, 
and the 2022 Pierazzo International 
Student Travel Award were also 
recognized. During the Tuesday NASA 
Headquarters Briefing, representatives 
from the Planetary Science Division of 
NASA’s Science Mission Directorate 
addressed meeting attendees.

In-person poster sessions were held 
Monday, 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.

Since 2013, the conference has engaged 
LPSC Microbloggers to use social media 
to provide real-time coverage of the 
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science presented during the sessions. 
Combined with a social media feed 
at the conference venue and within 
the virtual environment, this coverage 
allowed participants to interact and 
share science results with their social 
networks.

Visit the 53rd LPSC photo gallery 
at www.flickr.com/photos/

lunarandplanetaryinstitute/
collections/72157720483137214/ 
and watch in-person attendees 
describe how it feels to be back 
at youtu.be/Q48JAKpJ-IQ.

Plans are already underway for the 54th 
LPSC, which is scheduled for March 
13–17, 2023.

BRINES ACROSS THE SOLAR SYSTEM: MODERN BRINES

Brines Across the Solar System is the 
Lunar and Planetary Institute’s (LPI’s) 
new multi-year conference series 
initiative intended to dive into brines 
as a planetary process, from modern 
to ancient brines and the technologies 
needed to explore them. Salty aqueous 
solutions (i.e., brines) are prominent 
across diverse planetary bodies. They 
are observed in the gas plumes presently 
erupting from Enceladus, reconstructed 
from precipitates on the surface of Ceres 
and Mars, and inferred from meteoritic 
samples. Understanding the mechanisms 
that led to the formation and preservation 
of these aqueous systems provides 
vital clues to their role in geological, 
geophysical, environmental, and 
biological processes.

The first conference in the series was 
Modern Brines, which was held as a 
virtual conference on October 25–28, 

2021. The conference explored the 
environments where brines may presently 
exist, their biologic potential, and their 
role in ongoing and active planetary 
processes. Modern Brines was organized 
around three questions:

1. Where are brines presently available 
and what are their physical and 
chemical properties?

2. How do brines interact with 
and alter their environment in 
observable ways?

3. Can brines support life or foster 
prebiotic conditions?

To help facilitate these discussions, the 
conference included presentations from 
three keynote speakers. Dr. Jennifer 
Hanley of Lowell Observatory spoke 
about brine stability as it relates to 

environmental parameters and salt 
spectral features to identify these 
precipitates in extraterrestrial environments. 
Dr. Julie Castillo-Rogez of the Jet 
Propulsion Laboratory spoke about the 
role of brines in the geological evolution 
of icy bodies and how to identify these 
processes. Finally, Dr. Mary A. Voytek 
of NASA’s Science Mission Directorate 
spoke about the biologic potential of 
brines by exploring halophiles as a model 
for extraterrestrial life.

The conference also included talks from 
three invited speakers who exampled 
NASA missions and programs with 
important implications for brine studies. 
Dr. Germán Martínez of the LPI spoke 
about improving predictions of present-
day brine formation on the surface 
of Mars with in situ environmental 
measurements. Dr. Cyril Grima of 
the University of Texas Institute for 
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Geophysics presented on the upcoming 
Europa Clipper and its search for brine 
inclusions within the icy crust of Europa 
as constrained by Clipper’s radar 
instrument. Additionally, Dr. Alison 
Murray of the Desert Research Institute 
presented on the Network for Ocean 
Worlds, a NASA Astrobiology Research 
Coordination Network aimed at 
advancing comparative studies of Earth 
and other ocean worlds.

The first few days of the conference focused 
on presentations about brine stability 
and physiochemistry as constrained by 
laboratory experiments and terrestrial 
analogs. Although a lot has been learned 
about brines and their properties, an area 
identified for further research is extending 
our knowledge of brines, particularly multi-
component solutions, and their properties to 
conditions directly relevant to present-day 
extraterrestrial environments through both 
laboratory and field work. The next topic 
discussed was in essence the geology of 

brines, or rather the observable interactions 
of these liquids with their environment. This 
included discussions of brine-mobilized 
flows on the main-belt asteroids Vesta 
and Ceres, as well as geochemical 
interactions between brines and their 
rocky environments, such as on Earth, 
Mars, and within the icy crusts of ocean 
worlds. Understanding the role of brines in 
cryovolcanic settings both on Ceres and the 
icy moons of the gas giants was identified 
as a key area for future research.

The conference wrapped up by 
contextualizing the discussion through 
an understanding of the role of brines in 
a biological system, as both preservers 
of biosignatures and supporters of 
extant life. Here, another area identified 
for further research was an improved 
understanding of the tolerances of 
life, both alone and in community, in 
polyextreme environments, such as the 
cold and salty liquids expected outside 
of Earth. For those who missed this 

inaugural meeting, presentations during 
the conference were recorded and are 
now available via the online program.

The next conference in the series, Ancient 
Brines, will focus on understanding 
the formation, location, and possible 
biosignatures associated with ancient 
brine systems and their impacts on 
the origin and evolution of life and 
climate. The conference will be held in 
Reno, Nevada, on September 12–15, 
2022, and includes an optional one-
day field trip to briny locations in the 
area. The abstract submission deadline 
is June 29, 2022. We hope to continue 
the conversation on the importance of 
brines across the solar system in Reno! 
Additionally, the entire conference series 
is being captured in a Focus Issue of the 
American Astronomical Society’s new 
Planetary Science Journal. The issue 
invites work resulting from the conference 
or manuscripts related to topics covered 
throughout the conference series.

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

— Text provided by Edgard G. Rivera-Valentín, USRA/Lunar and Planetary Institute
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OPPORTUNITIES FOR STUDENTS

For more than a decade, the Lunar and Planetary Institute (LPI) 
has implemented a research program for secondary students 
across the United States. Today, this program is known as 
Exploration of the Moon and Asteroids by Secondary Students 
(ExMASS). The essence of the program is to provide secondary 
students with an opportunity to conduct authentic, inquiry-
based research with the guidance of a planetary scientist. Thus 
far, approximately 600 students in 30 states (see map below) 
have participated in the program. More than 30 planetary 
scientists have worked with those students, some providing 
advice for multiple years. The program was originally funded 
by the NASA Lunar Science Institute (NLSI) as a component to 

the LPI- and JSC-led Center for 
Lunar Science and Exploration. 
Since 2014, ExMASS has been 
funded by NASA’s Solar System 
Exploration Research Virtual 
Institute (SSERVI).

Why provide such a program for 
secondary students? For decades, 
national science education 
reports and science education 
researchers have called for 
more student opportunities to 
participate in authentic, inquiry-
based research experiences. (In 
this context, “authentic” student 
research occurs when they 
undertake the same, and multiple, 
processes as professional 
scientists during an investigation. 

“Inquiry-based” student research 
occurs when students pursue a 
research question/topic that is of 
interest to them. While a student 
investigation may be authentic, it 
is not necessarily inquiry-based, 

and vice versa.) Despite those recommendations, there has been 
a dearth of such experiences available.

The goals of the ExMASS program are to (1) provide an 
opportunity for secondary students to engage in multiple 
practices of science, (2) foster positive student attitudes toward 
science, and (3) enhance student lunar and asteroid science 
content knowledge. With these goals as a framework, the 
research programs introduce students to the process of science 
and critical analysis. It is always exciting to see the program 
develop talent that may someday support the NASA workforce 
and academic community. However, it is equally important to 

NASA’S EXMASS PROGRAM: INSPIRATION 
IN A PRE-COLLEGE RESEARCH EXPERIENCE
Note from the Editors:  This story is the first of a series of articles that will focus on the success of various NASA-funded 
student programs in planetary science. This article features Exploration of the Moon and Asteroids by Secondary 
Students (ExMASS), a program for secondary students that provides participants with the chance to conduct authentic 
research under the expert guidance of a professional scientist. — Paul Schenk and Renée Dotson
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provide positive scientific experiences 
for those who serve society in other 
roles. Developing an appreciation 
for, and remaining excited about, 
science is a great outcome for 
most participants. Indeed, learning 
to distinguish between a priori 
beliefs, speculation, and evidence-
based findings will benefit students 
throughout their lives, regardless of 
the occupational path they choose.

Because secondary students are rarely 
exposed to basic lunar or asteroid 
science in the classroom, they enter 
the program with knowledge gaps. 
Those gaps are addressed during 
the first six weeks of each program 
year, when students complete two 
guided inquiry activities, “Moon 101” 
and “Asteroid 101,” which consist 
of readings on relevant topics (e.g., 
impact cratering, volcanism, tectonism, 
and meteorites). Upon completion of 
the readings, students are asked to 
put that newfound knowledge to work 
by characterizing lunar and asteroid surface features visible in 
preselected images. Evaluation data shows that these activities 
successfully fill the knowledge gaps.

After completing the “101” activities, teams of students dive into 
research. With assistance from their advisor, students identify a 
lunar (see map of locations on the Moon studied by students) 
or asteroid research topic to investigate and create a research 
plan. Near the end of the school year, teams write abstracts and 
create conference-style posters to communicate the results of 
their research. Electronic versions of the posters are scored by a 
panel of judges from the planetary science community. The top 
four scoring teams present their research via webinar to the panel, 
and from these presentations, one team is selected to travel to the 
annual NASA Exploration Science Forum, present their paper in 
person, and meet with scientists.

Annual evaluation data from surveys show that the program 
consistently meets its goals:

• Students utilize multiple processes of science 
(as defined by the Next Generation Science 
Standards) during their investigations

• There are statistically significant increases (see Acta 
Astronautica, 152, pp. 1–9) in students’ attitudes toward 
science [the ExMASS attitudes toward science survey 
measures the extent to which students believe science 
is valuable regardless of whether they pursue science 
themselves (interest)]

• Student knowledge specific to lunar and asteroid science 
also increases

The program’s success is also 
evident in some of its products (see 
the table below), which include a 
peer-reviewed journal article and 
presentations to a state legislature 
interested in STEM education.

Applications for the 2022–2023 
ExMASS are currently being 
accepted. If you are interested 
in advising a team next year, or 
would like more information, please 
contact Andy Shaner, or visit the 
ExMASS website. The success of 
the ExMASS program is due to the 
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outstanding efforts of students. The success is also due to the 
dedication of the advisors. Advisors participate on a volunteer 
basis, contributing generously of their time to a student team. 

When asked why they participate, most respond by stating they 
simply want to give back and help the next generation. For this, 
the ExMASS program is incredibly grateful.

DRAGONFLY STUDENT AND EARLY CAREER INVESTIGATOR PROGRAM

Student Investigators will work with Dragonfly mission 
team members to conduct Titan research, help formulate 
Dragonfly mission science and operations plans, or assist 
in the development of instrumentation, hardware, or 
testing. Qualified graduate students from U.S. colleges will 
be selected annually for two-year terms to work with the 
Dragonfly team. The deadline to apply is May 27, 2022.

Click here to learn more and apply.

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

— Andy Shaner and David Kring, Lunar and Planetary Institute

INTERNSHIPS AND PROGRAMS

DEVELOP NATIONAL PROGRAM

As part of NASA’s Applied Sciences 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. Students, 
recent graduates, and early career professionals with an interest 
in Earth science are encouraged to apply. Applications for the fall 
2022 term must be submitted between May 16 and June 24.

Click here to learn more and apply.

L’SPACE ACADEMY

The NASA L’SPACE Academy is a free, online, interactive 
program open to undergraduate science, technology, 
engineering, and mathematics (STEM) students interested in 
pursuing a career with NASA or other space organizations. 
Students can expect to learn NASA mission procedures and 
protocols from industry professionals as they collaborate with 

fellow team members to complete 
mission-related team-projects over a 12-
week term. The deadline to apply for the 
summer 2022 academies is May 15.

Click here to learn more and apply.

NASA L’SPACE “Find 
your path” poster. Credit: 
NASA/ASU.

Artist’s impression of Dragonfly on Titan’s surface. Credit: NASA/Johns Hopkins APL.
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COMMUNITY COLLEGE INTERNSHIPS (CCI)

SCIENCE UNDERGRADUATE LABORATORY INTERNSHIPS (SULI)

PATHWAYS PROGRAM

JPL YEAR-ROUND INTERNSHIP PROGRAM

EARTH AND SPACE EXPLORATION PROGRAM (ESEP)

The Community College Internships (CCI) program seeks to 
encourage community college students to enter technical 
careers relevant to the 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 for fall 2022 close on May 26.

Click here to learn more and apply.

The Community College Internships (CCI) program seeks to 
encourage community college students to enter technical 
careers relevant to the 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 for fall 2022 close on May 26.

Click here to learn more and apply.

If you’re a current student or recent graduate, you may be 
eligible for federal internships and job opportunities through 
Pathways and other student programs.

Click here to learn more and apply.

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 STEM. Remote and in-person positions are 

available with flexible internship periods that include full-time 
and part-time assignments. There is no application deadline.

Click here to learn more and apply.

ESEP invites individuals to work in Mars-like environments in 
Ladakh, India, during a nine-day expedition in July–August 
2022, guided by expert Earth and planetary scientists. The 
program focuses on Earth’s past (formation and evolution of 
the region), present (witnessing the impact of climate change), 

and future (preparing students to explore Mars). Help collect 
scientific data, study terrain features, and train to become Mars 
explorers!

Click here to learn more and register.

OFFICE OF SCIENCE GRADUATE STUDENT RESEARCH (SCGSR) PROGRAM

The SCGSR program provides supplemental funds for graduate 
students to conduct part of their thesis research at a host U.S. 
Department of Energy (DOE) laboratory/facility in collaboration 
with a DOE laboratory scientist during a 3- to 12-month award 
period. The opportunity is expected to advance the graduate 

student’s research project by providing access to the expertise, 
resources, and capabilities available at the DOE laboratories/
facilities. Applications are due on May 4.

Click here to learn more and apply.

SCHOLARSHIPS AND FELLOWSHIPS
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AGU TRAVEL AND RESEARCH GRANTS GSA TRAVEL AND RESEARCH GRANTS

The American Geophysical Union (AGU) offers many grant 
opportunities, primarily to students, to support travel to AGU 
meetings and to conduct research in specific Earth and space 
science fields. Applications deadlines vary.

Click here to learn more and apply.

The Geological Society of America (GSA) offers the On To the 
Future (OTF) Program and Expanding Representation in the 
Geosciences (ERG) Scholarships to support research and travel to 
GSA meetings by students. Application deadlines are approaching.

Click here to learn more and apply.

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.

NASA Postdoctoral Program

LPI Postdoctoral Positions

JPL Postdoctoral Positions

Southwest Research Institute Postdoctoral Positions

U.S. National Labs — Postdoctoral Positions

AGU Job Board — Postdoctoral Positions

POSTDOCTORAL POSITIONS
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TOPICS FOR PUBLIC ENGAGEMENT

OPPORTUNITIES AND RESOURCES 
FOR STEM ENGAGEMENT

SPOTLIGHT ON EDUC ATION

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.

LAUNCH OF ARTEMIS I APPROACHES

On April 1, NASA engineers began conducting the final test 
of the new Space Launch System (SLS) Orion spacecraft, 
and Exploration Ground Systems, known as the ‘wet dress 
rehearsal.’ The results of the rehearsal will help determine the 
target launch date for the Artemis I launch. The Artemis missions 
will land the first woman and the first person of color on the 
Moon and establish long-term exploration in preparation for 

missions to Mars. Find all 
the latest developments 
on NASA’s blog.

ALIGNING THE    
WEBB’S MIRRORS

Presently, the Webb 
Telescope is cooling and 
aligning its mirrors. On 
March 11, the telescope 
completed a critical 
milestone in the alignment 
process, known as “fine 
phasing.” With Webb’s 
optical systems performing 
beyond expectations, the 
first full-resolution imagery 
and science data are on track to be released in the summer. Stay 
apprised of the JWST’s commissioning progress here.

ACHIEVEMENT UNLOCKED: 5,000 EXOPLANETS

In late March, the number of planets confirmed to exist beyond 
our solar system surpassed 5,000. Learn more about this 
milestone here. Help your audience explore the universe with 
NASA’s Eyes on Exoplanets, get involved with citizen science 
projects, and find more amazing resources.

Illustration showing different types of possible exoplanets. Credit: NASA/
JPL-Caltech.

Webb’s NIRCam Alignment Selfie. In this 
image, all of Webb’s 18 primary mirror 
segments are shown collecting light from the 
same star in unison. Credit: NASA/STScI.

PROFESSIONAL DEVELOPMENT WEBINAR:   
ENGAGING CULTURALLY DIVERSE AUDIENCES

MAY 17, 2022, AT 3:00 P.M. CDT

The Lunar and Planetary Institute’s education and public 
engagement team assists planetary scientists in their 
communication and public engagement activities. The first step 
in serving diverse audiences is learning more about their needs 
and interests and establishing a partnership. Explore ways to 
initiate and sustain partnerships and to create culturally relevant 

connections in your programs. To learn more, visit www.lpi.usra.
edu/education/scientist-engagement/.

EARTH SCIENCE EDUCATION CONFERENCE:               
2022 EARTH EDUCATORS’ RENDEZVOUS

JULY 11–15, 2022, TWIN CITIES, MN

The eighth annual Earth Educators’ Rendezvous is now open for 
registration. The Earth Educators’ Rendezvous is a combination of 
workshops, posters, talks, round-table discussions, and plenary 

31
  © Copyright 2022 Lunar and Planetary Institute  Issue 168 April 2022

https://informal.jpl.nasa.gov/museum/Connect
https://www.starnetlibraries.org/about/our-projects/nasa-at-my-library/
https://solarsystem.nasa.gov/solar-system-ambassadors/directory/
https://nightsky.jpl.nasa.gov
https://blogs.nasa.gov
https://jwst.nasa.gov/index.html
https://www.nasa.gov/feature/jpl/cosmic-milestone-nasa-confirms-5000-exoplanets
https://exoplanets.nasa.gov/eyes-on-exoplanets/
https://exoplanets.nasa.gov/citizen-science/
https://exoplanets.nasa.gov/citizen-science/
https://exoplanets.nasa.gov
http://www.lpi.usra.edu/education/scientist-engagement/
http://www.lpi.usra.edu/education/scientist-engagement/


S P OT L I G H T  O N E D U C AT I O N

presentations, designed to appeal to everyone from instructors 
and graduate students to researchers and administrators who 
want to better support Earth science education. Participants can 
learn about teaching approaches, discover opportunities to get 
involved, prepare for an academic career, or discuss how to 
approach teaching and learning challenges. To learn more, visit 
serc.carleton.edu/earth_rendezvous/2022/index.html.

PLANETARY REACH WORKSHOPS

JUNE 2022, BOULDER, CO

OCTOBER 2022, BALTIMORE, MD

The Planetary Resources and Content Heroes (ReaCH) team 
seeks to enhance planetary scientists’ ability to engage public 
audiences, particularly Black and Latinx audiences. Beginning 
in 2022, ReaCH will conduct Planetary Engagement Workshops 
for planetary scientists at multiple locations across the country. In 
addition to learning best practices for engaging public audiences, 
attendees will have the opportunity to collaborate with local 
educators and form lasting partnerships. Stipends will be 
available for participating U.S. scientists. To learn more, visit www.
lpi.usra.edu/planetary-reach/. 

EXPLORATION OF THE MOON AND ASTEROIDS BY 
SECONDARY STUDENTS (EXMASS)

ExMASS is a lunar and asteroid research program that involves 
high school students in the scientific process. Student teams are 
supported by a mentor (teacher) and an advisor (scientist), who 

shares science content, provides support and encouragement and 
acts as a liaison to the scientific community. The ExMASS program 
is seeking planetary scientists to act as advisors for the 2022–
2023 academic year. Contact Andy Shaner (shaner@lpi.usra.
edu) to apply. To learn more, visit www.lpi.usra.edu/exploration/
education/hsResearch/mentors_teachers_advisors/.

APOLLO 16 PRESENTATION SLIDES

To celebrate the 50th anniversary of the Apollo 16 mission to the 
Moon, NASA has published a downloadable presentation that 
can be used as a resource for scientists who may be presenting 
on the topic. You can download and adapt the slides to your 
audience and setting and find additional resources in the notes 
section. To learn more, visit moon.nasa.gov/resources/481/
apollo-16-presentation/.

A GUIDE FOR SCIENTISTS DOING OUTREACH

The American Geosciences Institute (AGI) presents a guide to 
inspire and support scientists and professionals in their efforts 
to provide STEM enrichment to young learners, especially in 
school programs. This guide includes discussions of pedagogy, 
classroom tips, activities and materials, and additional resources 
to supplement the outreach experience. To learn more, visit moon.
nasa.gov/resources/481/apollo-16-presentation/.

“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.

Taken by Charlie Duke during EVA-1, showing the east 
rim of Flag Crater. Credit: NASA.
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IN MEMORIA M

Astronomer Paul Feldman, a worldwide 
leading authority on comets who 
pioneered the field of ultraviolet 
spectroscopy of comets and professor 
emeritus in the Department of Physics and 
Astronomy and Academy Professor at 
Johns Hopkins University (JHU), died at 
home on January 26, 2022. He was 82.

As a child, Feldman — a native of 
Brooklyn — made hand-drawn sky 
maps and was a member of the 
junior astronomy club at the Hayden 
Planetarium in New York. He graduated 
from Brooklyn Technical High School and 
earned a bachelor’s degree and Ph.D. 
(1964), both in physics, from Columbia 
University. He served as an instructor at 
Columbia (1964–1965) and as an E. O. 
Hulburt Fellow at the Naval Research 
Laboratory (1965–1967), and arrived 
at JHU in 1967, where he chaired the 
department from 1996 to 2002. He 
retired in 2010.

In addition to pioneering contributions 
to cometary science, Feldman made 
similar contributions to the fields of 
planetary and satellite atmospheres 
and astronomical instrumentation. He 

was principal investigator of a NASA-
supported sounding rocket program 
and was responsible for more than 50 
sounding rocket launches to study Earth’s 
upper atmosphere, the aurora and the 
airglow, the atmospheres of comets and 
planets, the spectra of hot stars, and 
cosmic background radiation. He is 
largely responsible for JHU’s reputation 
as a leader in solar system ultraviolet 
astrophysics and spectroscopy.

Feldman’s program also developed 
the UVX experiment that flew on the 
space shuttle Columbia in January 
1986. He was principal investigator for 
a program of comet studies, including 
Comet Halley in 1985–1986, using the 
International Ultraviolet Explorer satellite 
observatory. He was a co-investigator 
on the team that developed the Hopkins 
Ultraviolet Telescope for far-ultraviolet 
(FUV) astronomy as part of the Astro 
payload that flew on the space shuttle 
in December 1990 and again in March 
1995, and he was a general observer 
with the Hubble Space Telescope (HST) 
and served on the Space Telescope 
Users Committee from 1992 to 1995. He 
was also a member of the FUSE science 
team, a co-investigator on the HST 
Advanced Camera for Surveys, and a 
member of the NASA science teams for 
the Rosetta and Lunar Reconnaissance 
Orbiter (LRO) ultraviolet spectrometers 
team and the Europa Clipper Ultraviolet 
Spectrometer (UVS) team.

Feldman’s work was notable for its 
great breadth and depth, said Harold 
(Hal) Weaver, research professor at 
JHU’s Applied Physics Laboratory and 
a former student of Feldman’s. Feldman 

first ventured into the field of cometary 
science with an ultraviolet sounding 
rocket experiment to observe the Comet 
Kohoutek in 1974 and made an inventory 
of the hydrogen, oxygen, and carbon 
abundances in the comet’s coma. For the 
rest of his career, he was what Weaver 
describes as a “planetary archaeologist,” 
investigating the origin and evolution of 
our solar system.

In 1976, during a sounding rocket 
experiment to observe Comet West, 
Feldman made the first detection of the 
carbon monoxide molecule in a comet, 
recording what is still one of the finest 
examples of a cometary ultraviolet 
spectrum ever obtained. The amount 
of CO in cometary nuclei is key to 
understanding the formation, conditions, 
and evolutionary history of comets. Since 
then, Feldman remained at the forefront 
of attempts to study cometary CO, using 
sounding rockets, the International 
Ultraviolet Explorer satellite observatory, 
HST, FUSE, and the Rosetta spacecraft.

Feldman was also one of the early 
leaders in the remote sensing of Earth’s 
upper atmosphere by rocket-borne 
spectrometers, and his fundamental 
research on the radiation from Earth’s 
upper atmosphere ultimately led to 
the emergence of the field known as 

“space weathering.” Feldman also spent 
time researching the Galilean satellites, 
serving on the team that discovered 
molecular oxygen atmospheres on 
Europa and Ganymede, polar aurorae on 
Ganymede, and equatorial aurorae on 
Io. Most recently, he was on the team that 
discovered fountains of gaseous water 
emanating from the surface of Europa, 

PAUL FE LDMAN
1939–2022

Credit: Johns Hopkins University.
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which suggests there might be life below 
that moon’s thick ice shell. His work with 
the JHU Ultraviolet Telescope delivered 
spectacular spectra of Jupiter’s dayglow 
that are the definitive data for unraveling 
the fundamental processes that create 
Jupiter’s ultraviolet luminosity, and he led 
that telescope’s investigations of Mars 
and Venus, with similarly significant results.

Feldman was an Alfred P. Sloan 
Foundation fellow (1969–1974) and a 
Fellow of the American Physical Society, 

and was a member of the American 
Astronomical Society, American 
Geophysical Union, and International 
Astronomical Union. He served as 
associate editor of the Journal of 
Geophysical Research: Space Physics 
and was a member of the editorial 
board of Icarus and of the Committee on 
Planetary and Lunar Exploration of the 
National Academy of Sciences’ Space 
Science Board from 1985 to 1988. In 
addition to his scientific prowess and 
lasting impact on his fields, Feldman is 

remembered as a dedicated colleague 
and mentor who supervised dozens of 
Ph.D. theses, significantly shaping the next 
generation of researchers.

Feldman’s family has established The Paul 
D. Feldman Fellowship in Far Ultraviolet 
Spectroscopy from Space. Gifts in his 
memory can be made to the fellowship 
fund at secure.jhu.edu/form/krieger.

Klaus Keil, Emeritus Professor, former 
Director of the Hawai`i Institute of 
Geophysics and Planetology, and former 
Interim Dean of the School of Ocean 
and Earth Science and Technology at 
the University of Hawai`i, passed away 
peacefully at home on February 25, 
2022, after a long battle with cancer. He 
was 87 years old.

Keil was an outstanding scientist; 
spectacular mentor, educator, and leader; 
dedicated family man; and enthusiastic 
tennis player. His academic and science 
leadership skills glittered at the University 
of Hawai`i since 1990 and at the Institute 
of Meteoritics at the University of New 
Mexico from 1968 to 1990.

Keil was a pioneer in the use of the 
electron microprobe in meteoritics and 
in petrology and mineralogy in general. 

In the early 1960s, he worked with 
colleagues at NASA Ames Research 
Center, Ray Fitzgerald and Kurt Heinrich, 
to make the first energy dispersive X-ray 
spectrometer for use in microanalysis. 
This device was the first to focus on 
terrestrial and extraterrestrial geological 
materials and the first to use a solid-state 
lithium-drifted silicon detector. Over his 
long and illustrious career, Keil studied 
practically every type of meteorite and 
lunar sample, addressing big problems 
in planetary science, from chondrule 
formation to pyroclastic eruptions on 
the Moon and achondritic bodies, from 
asteroid disruption to the composition of 
the martian surface.

His accomplishments were recognized 
through awards of the Leonard Medal 
from the Meteoritical Society, the J. 
Lawrence Smith Medal of the National 

Academy of Sciences, and election as 
a Legends Fellow of the Microanalysis 
Society, in addition to numerous other 
accolades including the main belt asteroid 
Keil and the extraterrestrial mineral keilite, 
(Fe,Mg)S, named in his honor.

A long time ago someone told me, with 
astonishment in his voice, “Everything 
Klaus touches turns to gold.” [Keil] was an 
alchemist. He made his own gold through 
his imagination, ability to synthesize 
diverse data, hard work, and the ability 
to motivate research in his group. The 
real gold, though, goes to all of us who 
benefitted from his research, leadership, 
and mentorship, especially those of us 
who have had the pleasure and honor to 
work with him and to be his friend.

— Text courtesy of Johns Hopkins University

— Text courtesy of Jeff Taylor, University of Hawai`i

KL AUS KE IL
1934–2022

Credit: School of Ocean and Earth Science and Technology, University of Hawai`i.
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Sandra Pizzarello, chemist and emeritus 
professor at Arizona State University, 
passed away on October 24, 2021. 
Pizzarello greatly enhanced the research 
field of molecular, isotopic, and chiral 
analysis of organic compounds in 
carbonaceous chondrite meteorites since 
the 1970s. During her active research 
career, she produced an impressive 
number of achievements in her studies 
on the origin and chemical evolution of 
organic compounds in the early solar 
system and the origin of homochirality in 
living systems.

Pizzarello was born in Venice, Italy, in 
1933. She obtained a doctoral degree 
in Biological Sciences at Universitá 
degli Studi di Padova, Italy, in 1955. 
She was a research associate with 
Farmitalia Research Laboratories, 
Neuropharmacology Department, Milan, 
Italy, from 1957 to 1960. She joined 
the research staff at the Department of 
Chemistry and Biochemistry at Arizona 
State University (ASU) in 1977, where she 
remained a research professor and an 
emeritus professor until her death.

Pizzarello was a pioneering scientist who 
either identified or greatly expanded 
our knowledge of a suite of soluble 
compounds in carbonaceous chondrites 
such as amino acids, monocarboxylic 
acids, dicarboxylic acids, hydroxyl acids, 

hydroxydicarboxylic acids, aliphatic 
hydrocarbons, ammonia, amines, and 
polar hydrocarbons as well as insoluble 
organic matter (IOM). Together with the 
late Professor John R. Cronin, Pizzarello 
concentrated her efforts over 30 years 
on the development of the analytical 
techniques for these compounds — in 
particular, a diverse suite of over 80 
amino acids, which is clearly different 
from the distributions of terrestrial amino 
acids. Pizzarello and Cronin carried out 
the first isotopic analysis of amino acids 
in meteorites and revealed enrichments in 
deuterium, carbon-13, and nitrogen-15. 
These results provided the first evidence 
suggesting a direct relationship between 
meteoritic organic compounds and 
interstellar chemistry. Later, Pizzarello 
worked on the compound-specific 
carbon, hydrogen, and nitrogen isotopic 
analyses of soluble organic compounds 
in meteorites. Her results demonstrated 
the diverse synthetic pathways of these 
compounds in the early solar system.

One of the most laudable achievements 
in Pizzarello’s work in collaboration 
with Cronin was their discovery of 
L-enantiomeric excesses (ee) in a suite of 
rare (non-biological) extraterrestrial amino 
acids from carbonaceous chondrites in 
1997. Observing ee in non-biological 
compounds was definitive evidence that 
ee were present in the early solar system. 

The origin of the amino acid homochirality 
of life has been one of the most significant, 
unsolved questions in natural science, and 
their pioneering discovery established a 
strong position in the search for the origin 
of amino acid homochirality of life in the 
universe. Moreover, she experimentally 
showed that ee are catalytically 
transferred from amino acids when sugars 
are synthesized from the formose reaction. 
The result suggested that meteoritic amino 
acids could have provided the symmetry 
breaking necessary for the evolution of 
RNA by acting as catalysts of asymmetric 
syntheses leading to D-sugars. Her 
extensive works demonstrated the possible 
universality of molecular asymmetry in 
the universe, suggesting abiotic origins of 
biomolecular homochirality.

Pizzarello’s significant contributions to 
meteoritics, astronomy, astrobiology, and 
the origins of life have influenced the next 
generation of scientists in these research 
fields. She served as president of the 
International Society for the Study of the 
Origin of Life (ISSOL) — the international 
Astrobiology society — from 2014 to 
2017, and was an effective mentor for 
younger scientists and a role model for 
women in science.

— Portions of text courtesy of The Meteorological Society
(H. Yabuta, G. Cooper, L. Williams, K. Soai, M. Bose)

SANDR A PIZZARE LLO
1933–2021

Credit: Arizona State University.
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CALTECH NAMES LAURIE 
LESHIN DIRECTOR OF JPL

Laurie Leshin, president of Worcester Polytechnic Institute (WPI), 
has been appointed director of the Jet Propulsion Laboratory (JPL) 
and vice president of Caltech. Leshin will formally assume her 
position on May 16, 2022, succeeding Michael Watkins, who 
retired in August 2021, and Lt. Gen. Larry D. James USAF (Ret.), 
who currently serves as JPL interim director.

She joins JPL from WPI, one of the nation’s oldest private 
STEM universities, where she has served as president since 
2014. She is the first woman president in the university’s 
150-year history and will be JPL’s first female director.

“NASA’s Jet Propulsion Laboratory has a storied history of 
defying what was once thought impossible in the field of space 
exploration. In this new era of groundbreaking discoveries and 
constant innovation, it is clear that Dr. Laurie Leshin has a track 
record of scholarship and leadership needed to serve as director 
of JPL and cement the center’s status as a global leader in the 
21st century,” says NASA Administrator Bill Nelson. “Under 
Dr. Leshin, the technology invented at JPL will continue to allow 

humans to explore the places in our universe that we cannot 
yet reach and spark the imaginations of future mathematicians, 
engineers, and pioneers in classrooms across America. I 
want to thank Mike Watkins and Gen. Larry James for their 
contributions that the JPL team will build on for decades to come.”

Leshin is an internationally recognized scientist whose career 
has spanned academia and senior positions at NASA and 
included two White House appointments. She has been 
lauded for her barrier-breaking leadership in the space 
industry and in academia as well as for her accomplishments 
as a distinguished geochemist and space scientist.

“I am both thrilled and humbled to be appointed the director 
of JPL. In many ways, this feels like a homecoming. Some 
of the most impactful experiences of my career have taken 
place on the Caltech campus and at JPL — lessons learned 
and goals achieved that have shaped me as a leader and a 
space scientist. The opportunity to return to working closely 
with so many colleagues across Caltech — at the Lab and 

Laurie Leshin formally assumes her roles as director of NASA JPL and vice president of Caltech in May 2022. Credit: Photo courtesy of Worcester Polytechnic Institute.
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on campus — and at NASA is a dream come true,” Leshin 
says. “We have enormous opportunities ahead to leverage 
JPL’s global leadership in robotic space exploration to answer 
awe-inspiring scientific questions and improve life here on 
Earth. I look forward to my work with Caltech and NASA to 
ensure that JPL continues to drive innovation across the global 
space ecosystem. Finally, I am especially honored to be the 
first woman to hold the title of director of JPL. I know from 
personal experience that diverse teams make a greater impact, 
and I will work every day to ensure that JPL is a place where 
all belong and thrive. We will dare mighty things, together.”

In 2005, Leshin became director of science and exploration 
at NASA’s Goddard Space Flight Center, and in 2008, she 
was promoted to Goddard’s deputy director for science and 
technology, where she and her colleagues were responsible 
for the strategy, planning, and implementation of more than 50 
Earth and space flight projects. In 2010, Leshin assumed the role 
of deputy associate administrator of the Exploration Systems 
Mission Directorate at NASA Headquarters, where her work 
involved the oversight of the future human spaceflight program, 
including efforts to establish commercial crew capabilities and 
elements of what is now the Artemis program. In that role, Leshin 
also worked to catalyze worldwide space exploration by 

engaging with international space organizations and 
corporations developing new technologies and robotic missions 
to create new possibilities for humans to travel to destinations 
deeper in the solar system. Leshin left NASA in 2011 to join 
Rensselaer Polytechnic Institute as dean of the School of Science.

NASA has selected Howard Hu as the Orion Program 
manager, based at the agency’s Johnson Space Center 
in Houston. In this role, he will be responsible for the 
design, development, production, and operations of the 
agency’s Orion, which is poised to make its first uncrewed 
flight test around the Moon in the coming months.

Hu succeeds Catherine Koerner, who has accepted 
a position as deputy associate administrator for 
Exploration Systems Development Mission Directorate 
at NASA Headquarters in Washington.

“The Orion team is comprised of highly talented and 
dedicated individuals across NASA, the European 
Space Agency, and industry,” Hu said. “It is an honor to 
have the opportunity to help lead our teams as we are 
set to begin our Artemis voyages to deep space. With 
the upcoming Artemis I mission, we are on the cusp 
of another major milestone toward NASA’s goals of 
landing the first woman and first person of color on the 
Moon and preparing for human missions to Mars.”

Hu brings more than 30 years of NASA experience to this 
role, most recently serving as the Orion Program’s deputy 

Laurie Leshin, second from left, celebrates the landing of NASA’s Curiosity 
rover on Aug. 5, 2012, with other members of the science teams at JPL. 
Leshin is a co-investigator on two of the rover’s instruments, the Sample 
Analysis at Mars (SAM) tool and the Alpha Particle X-Ray Spectrometer 
(APXS). She previously served as a long-term planner on the mission. 
Credit: NASA/JPL-Caltech.

NASA PROMOTES HOWARD HU TO LEAD 
ORION AHEAD OF FIRST ARTEMIS MISSION

Howard Hu. Credit: NASA.
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manager. He has also served in a number of key Orion 
leadership positions, including manager of avionics, power, 
and software, as well as deputy manager of the Vehicle 
Integration Office. Prior to joining the Orion Program, 
Hu held several key technical and leadership positions 
in support of NASA human exploration initiatives, the 
International Space Station, and the Space Shuttle Program.

A native of Seattle, Hu holds Bachelor and Master of 
Science degrees in aeronautical and astronautical 
engineering from the University of Washington. Throughout 
his career, Hu has been recognized for his achievements, 
including two Johnson Director’s Innovation Awards, the 
Orion EFT-1 Outstanding Leadership Award, the NASA 
Outstanding Leadership Medal, the Rotary National 

Award for Space Achievement Foundation’s Stellar Team 
Award, and the Johnson Director’s Commendation Award.

Orion, the Space Launch System, and Exploration Ground 
Systems programs are foundational elements of Artemis. 
NASA’s Artemis missions at the Moon will allow the 
agency and its partners to practice procedures and test 
technologies needed to explore farther into the solar 
system in preparation for human missions to Mars.

For more information about Orion, visit www.nasa.gov/orion.

NASA Administrator Bill Nelson announced the appointment 
of new members to the NASA Advisory Council (NAC), 
which provides leadership counsel and advice on a variety 
of important and complex agency programs and topics.

Retired Gen. Lester Lyles will continue to chair the 
NAC and its more than 50 members appointed 
across the council and five committees supporting 
aeronautics, human spaceflight, science, and STEM, as 
well as technology, innovation, and engineering.

Among the new council members are former NASA 
Administrator Charles Bolden, former Rep. Jane Harman, 
and former Secretary of the Army Eric Fanning. Additional 
council appointments include former NASA Chief Scientist 
Dr. Waleed Abdalati, former NASA astronaut Dr. Danny 
Olivas, and former director of the Defense Contract 
Management Agency Charlie Williams Jr. New NAC 
council chair appointments include Darin DiTommaso as 
chair of the NAC Aeronautics Committee and Michael 
Johns as chair of the NAC Technology, Innovation and 
Engineering Committee, plus numerous new committee 
members. Additional members may be added in the future.

“I take great pride in our team at NASA and the incredible 
accomplishments we achieve every day as a global 
leader in exploration. NASA attracts the best and the 

brightest, which makes it easy to attract high-caliber 
talent to the NAC,” said Nelson. “As we push forward 
into yet another busy year for the agency, I look forward 
to hearing the recommendations from new and existing 
experts serving on the NASA Advisory Council.”

The NAC usually meets three times per year and 
the first virtual meeting of 2022 was held on 
March 1–2. This year, the NAC will align its 
work across the following agency priorities:

• Climate Change

• Commercial and Industry Partnerships

• Diversity, Inclusion, Equity, and Accessibility

• International Collaboration

• Program Management and Acquisition

For more information about the NAC, visit 
www.nasa.gov/offices/nac/.

NASA ADVISORY COUNCIL WELCOMES 
NEW MEMBERS, SETS 2022 GOALS
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NSF Director Sethuraman Panchanathan announced a new 
directorate within the U.S. National Science Foundation 
focused on Technology, Innovation, and Partnerships, or TIP, 
during his session on Reinvigorating Science and Technology 
for the Future of U.S. Innovation at SXSW 2022.

This new directorate — NSF’s first in more than 30 years — 
builds upon the agency’s commitment over seven decades to 
serve as a beacon of U.S. innovation, advancing the frontiers 
of research and education across all fields of science and 
engineering. TIP is a critical first step that will accelerate the 
development of new technologies and products that improve 
Americans’ way of life, grow the economy and create new 
jobs, and strengthen and sustain U.S. competitiveness for 
decades to come.

“NSF’s TIP Directorate will accelerate discovery and innovation 
to rapidly bring new technologies to market and address 
the most pressing societal and economic challenges of our 
time,” said Panchanathan. “By pursuing new approaches that 
engage the nation’s broad and diverse population in shaping 
research directions and outcomes, TIP will be a game-changer 
in terms of the pace of technological breakthroughs, future job 
growth, and national competitiveness.”

Through TIP, NSF plans to launch a set of integrated initiatives. 
Together, these initiatives will advance critical and emerging 

technologies; accelerate the translation of research results 
from the lab to market and society; and cultivate new 
education pathways leading to a diverse and skilled future 
technical workforce comprising researchers, practitioners, 
technicians, and entrepreneurs.

Notably, over time, TIP will establish regional “innovation 
engines” throughout the U.S. These innovation engines 
will advance use-inspired research, entrepreneurship, and 
workforce development to nurture and accelerate regional 
industries, ushering in a transformational revolution of 
business and economic growth regionally and nationally that 
strengthens bottom-up, middle-out growth in industries and 
communities across America.

The TIP Directorate will leverage strategic partnerships 
spanning multiple disciplines and sectors to advance the 
frontiers of emerging industries, from trustworthy artificial 
intelligence systems to biotechnology, cybersecurity, 
next-generation wireless networks, microelectronics and 
semiconductors, and quantum computing platforms.

TIP will also extend the opportunities of science and 
technology to every American, establishing both a broad 
footprint that touches communities across the country and 
novel education pathways available to anyone who wishes 
to pursue new, high-wage, good-quality jobs in science and 

NSF ESTABLISHES NEW DIRECTORATE 
FOR TECHNOLOGY, INNOVATION, 
AND PARTNERSHIPS TO ACCELERATE 
DISCOVERY, INNOVATION, AND 
IMPACT ACROSS THE UNITED STATES
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technology. TIP is a critical element of NSF’s support for future 
science and technology leaders who reflect the rich cultural 
and geographic diversity of the U.S. — one of the nation’s 
greatest advantages in global competition and leadership.

NSF has selected Erwin Gianchandani to be the inaugural 
NSF Assistant Director for Technology, Innovation and 

Partnerships, leading the new directorate. “Gianchandani is 
a visionary leader with a wealth of experience in research, 
innovation and partnership programs,” said Panchanathan.

For more information on the TIP Directorate, please visit     
beta.nsf.gov/tip/latest.

NASA’S INGENUITY HELICOPTER AND 
ASTEROID-MONITORING SYSTEM HONORED

The Ingenuity team received the club’s preeminent award, 
the Dr. Robert H. Goddard Memorial Trophy, which 
honors a person or team who has provided leadership 
in groundbreaking space or aeronautics achievements in 
the U.S. The helicopter landed last year on the Red Planet 
attached to the belly of NASA’s Mars Perseverance rover 
and first took flight in the planet’s extremely thin atmosphere 
on April 19, 2021.

Initially slated for no more than five flights, the 4-pound 
(2-kilogram) craft has completed 22, defying expectations 
and transitioning from a technology demonstration to an 
operational tool, acting as an aerial scout for Perseverance. 
With Ingenuity’s mission extended through September 2022, 
it can continue testing its limits to support the design of future 
Mars air vehicles.

The same night, CNEOS received the National Space 
Club’s Nelson P. Jackson Aerospace Award for the most 
outstanding contribution to the missile, aircraft, or space field. 
CNEOS calculates every known near-Earth object’s orbit 
and assesses the possibility of a future impact with Earth in 
support of NASA’s Planetary Defense Coordination Office 
at the agency’s headquarters in Washington. Its Sentry-II 
algorithm improves NASA’s ability to evaluate the probability 
of impact of tens of thousands of near-Earth asteroids and 
went into operation in December 2021.

MORE HONORS FOR INGENUITY

The Ingenuity team has already accepted the John L. “Jack” 
Swigert, Jr. Award for Space Exploration from the Space 
Foundation, Aviation Week Network’s 2021 Laureate Award, 

Surrounded by Ingenuity Mars Helicopter team members, Ingenuity lead Teddy Tzanetos holds the Dr. Robert H. Goddard 
Memorial Trophy that the team received at the National Space Club’s Goddard Memorial Awards Dinner on March 18, 2022. 
Credit: Sarah Garvey.
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and the Royal Institute 
of Navigation’s Duke of 
Edinburgh’s Navigation 
Award for Outstanding 
Technical Achievement “for 
innovative autonomous 
navigation enabling a series 
of successful Ingenuity Mars 
Helicopter flights in 2021.”

And more honors are on the 
horizon: On March 24, the 
helicopter team accepted 
the Michael Collins Trophy 
for Current Achievement 
at the National Air and 
Space Museum’s Steven 
F. Udvar-Hazy Center in 
Chantilly, Virginia. The 

esteemed award honors outstanding achievement in the field 
of aerospace science and technology. The Ingenuity team 
will be honored with the 2022 IEEE Spectrum Emerging 
Technology Award at a May 6 ceremony in San Diego.

The Ingenuity team is also one of four finalists for the National 
Aeronautic Association’s prestigious 2021 Collier Trophy. The 
winner will be presented with the award on June 9.

For more information about Ingenuity, visit mars.nasa.
gov/technology/helicopter/. For more information about 
CNEOS, asteroids, and near-Earth objects, visit cneos.jpl.
nasa.gov/.

Right now, some 182 million miles (293 
million kilometers) separate the red clay 
of Alabama from the dusty red planet 
Mars. But groundbreaking flight hardware 
developed at NASA’s Marshall Space 
Flight Center in Huntsville, Alabama, 
will soon close that distance.

The new hardware is an integral component of 
the Mars Sample Return campaign, a historic 
endeavor that will, for the first time, retrieve 
and deliver samples of that faraway alien 
terrain for intensive study in laboratories on 
Earth. A strategic partnership of NASA and 
ESA (European Space Agency), Mars Sample 
Return also will bring us closer to human 
exploration missions to the Red Planet.

Angie Jackman — who has spent more than 35 years 
leading some of the agency’s most advanced propulsion 
and engineering projects, state-of-the-art launch vehicle 
development programs, and complex space science 
missions — is the Mars Ascent Vehicle project manager.

Set to be the first rocket ever to launch from the surface of 
another planet, the Mars Ascent Vehicle will play a key role 
in the  Mars Sample Return mission, launching into orbit 
around the Red Planet with the samples gathered by the 
Perseverance rover from the ancient crater floor it’s now 

Steve Chesley, senior research scien-
tist at JPL, receives the National Space 
Club’s Nelson P. Jackson Aerospace 
Award for Sentry-II on behalf of the 
Center for Near-Earth Object Studies 
at the club’s Goddard Memorial 
Awards Dinner on March 18, 2022. 
Credit: National Space Club and 
Foundation/Larry Canner.

NASA’S ANGIE JACKMAN WORKS 
TO DEVELOP ROCKET THAT WILL 
BRING MARS SAMPLES TO EARTH

This illustration shows NASA’s Mars Ascent Vehicle (MAV), which will carry tubes containing martian rock 
and soil samples into orbit around Mars, where ESA’s Earth Return Orbiter spacecraft will enclose them in 
a highly secure containment capsule and deliver them to Earth. Credit: NASA.
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exploring. They’ll be 
transferred there to ESA’s 
Earth Return Orbiter.

Jackman’s team includes 
structural, thermal, 
mechanical, systems, and 
propulsion engineers, 
as well as analysts and 
technologists — a diverse 
team of NASA veterans 
alongside innovative 
newcomers — all of 
them deeply familiar 
with the vital intersection 
between flight hardware 
and scientific progress.

“Ask any engineer on 
the team, and they’ll 
tell you the science 
fascinates them,” 
Jackman said. “Engineers 
ask, ‘How?’ Scientists 

ask, ‘Why?’ Ultimately, that deeper imperative drives 
us all — the pride in helping to advance our collective 
knowledge, to increase our ability to safely navigate our 
world, and to better understand our place in the cosmos.”

The Marshall team is partnering with Lockheed Martin Space 
of Littleton, Colorado, which is building the integrated Mars 

Ascent Vehicle system and designing and developing the 
rocket’s ground support equipment, and Northrop Grumman 
Systems Corporation of Elkton, Maryland, which leads the 
development of the ascent vehicle’s propulsion system.

Like most career aerospace managers, Jackman gleans 
best practices from decades of NASA precedents 
and lessons learned, but always challenges her team 
to push against conventional wisdom, to seek fresh 
alternatives that transcend traditional thinking.

“In this competitive, cost-conscious era, we have 
to work smarter, faster, and more efficiently,” she 
said. “Anybody can build a big, sturdy bridge, but it 
takes a disciplined engineering team to build one on 
schedule and precisely strong enough to do the job. This 
project taps every aspect of Marshall’s expertise as a 
NASA leader in propulsion, spaceflight systems, and 
science. I am so proud of our team. We got this.”

NASA’s Mars Sample Return mission will revolutionize our 
understanding of Mars by returning samples for study using 
the most sophisticated instruments around the world. These 
samples, collected by Perseverance during its exploration of 
an ancient river delta, are thought to be the best opportunity 
to reveal the early evolution of Mars, including the potential 
for life. The mission will fulfill a solar system exploration 
goal as identified by the National Academy of Sciences.

Learn more about the Mars Sample Return 
mission at mars.nasa.gov/msr.

NASA ADMINISTRATOR STATEMENT ON 
PRESIDENT’S FY 2023 BUDGET REQUEST
The President’s fiscal year 2023 budget would allow NASA 
to sustain America’s global innovation leadership and 
keep NASA at the forefront of exploration and discovery 
by returning to the Moon with the Artemis program, 
among other efforts. This budget would enable NASA 
to address climate change, drive economic growth, and 
promote diversity, equity, inclusion, and accessibility.

President Biden’s budget for fiscal year 2023 that was 
submitted to Congress details his vision to expand on 
the historic progress our country has made over the 
last year and deliver the agenda he laid out in his 
State of the Union address — to build a better America, 
reduce the deficit, reduce costs for families, and grow 
the economy from the bottom up and middle out.

“Greater than a number, statistic, or fact is what the President’s 
budget request represents,” NASA Administrator Bill Nelson 
said. “This budget reflects the Biden-Harris Administration’s 
confidence in the extraordinary workforce that makes 
NASA the best place to work in the federal government. 
It’s an investment in the businesses and universities that 
partner with NASA in all 50 states and the good-paying 
jobs they are creating. It’s a signal of support for our 
missions in a new era of exploration and discovery.”

At NASA, the budget would:

• Enable missions on and around the Moon 
through Artemis while preparing for Mars 
exploration. The budget provides $7.6 billion for 
deep space exploration. Through Artemis missions, 

Angie Jackman, manager of the Mars 
Ascent Vehicle (MAV) project, holds a 
3D-printed model of the tubes NASA’s 
Perseverance rover is already filling with 
martian rock and soil samples. Set to be 
the first rocket to launch from another 
planet, the MAV is designed to carry the 
sealed samples into orbit around Mars. 
Credit: NASA.
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NASA will land the first woman and person of color on 
the lunar surface, deepen the United States’ scientific 
understanding of the Moon, and test technologies 
that will prepare for human exploration of Mars.

• Allow NASA to support and enhance lunar 
missions. The budget’s $4.7 billion for Common 
Exploration Systems Development to support 
lunar missions includes funding for the Orion 
spacecraft and Space Launch System (SLS). The 
budget’s $1.5 billion for astronaut Moon landers 
will enable NASA to increase competition in the 
development of the final mode of transportation 
needed to take astronauts to the lunar surface.

• Increase NASA’s Earth science funding 
for climate and weather monitoring and 
measurement. The budget’s $2.4 billion for 
Earth-observing satellites and related research 
will enhance NASA’s ability to improve the 
world’s understanding of climate change.

• Help NASA support commercial space 
activities. The budget’s $1.4 billion for space 

technology research and development will support 
new technologies to help the U.S. commercial 
space industry grow, enhance mission capabilities, 
create well-paying jobs, and reduce costs.

• Maintain U.S. leadership in aircraft 
development and improve aviation to deliver 
benefits to the public. The budget would provide 
$970 million for aeronautics research. This includes 
$500 million to reduce aviation’s climate impact through 
efforts including a Sustainable Flight National Partnership 
to develop a next-generation passenger aircraft.

• Allow NASA to continue building productive, 
strategic education collaborations. With 
$150 million for the Office of STEM Engagement 
for education and engagement activities, this 
budget would allow NASA to enhance its support 
for educational activities, including those that 
focus on historically underserved communities.

For more information on NASA’s fiscal year 2023 
discretionary request, visit www.nasa.gov/budget.

NASA’s upcoming SPHEREx mission will be able to scan the 
entire sky every six months and create a map of the cosmos 
unlike any before. Scheduled to launch no later than April 
2025, it will probe what happened within the first second 
after the big bang, how galaxies form and evolve, and the 
prevalence of molecules critical to the formation of life, like 

water, locked away as ice in our galaxy. Achieving these 
goals will require cutting-edge technology, and NASA has 
approved final plans for all the observatory’s components.

“We’re at the transition from doing things with computer 
models to doing things with real hardware,” said Allen 
Farrington, SPHEREx project manager at NASA’s Jet 
Propulsion Laboratory in Southern California, which 
manages the mission. “The design for the spacecraft, 
as it stands, is confirmed. We have shown that it’s 
doable down to the smallest details. So now we can 
really start building and putting things together.”

To answer big questions about the universe, scientists need 
to look at the sky in different ways. Many telescopes, like 
NASA’s Hubble Space Telescope, are built to focus on 
individual stars, galaxies, or other cosmic objects, and 
to study them in detail. But SPHEREx (which stands for 
Spectro-Photometer for the History of the Universe, Epoch 
of Reionization and Ices Explorer) belongs to another class 
of space telescopes that quickly observe large portions of 
the sky, surveying many objects in a short period of time. 

NASA FINALIZES PLANS FOR ITS 
NEXT COSMIC MAPMAKER

Major components of NASA’s SPHEREx spacecraft, which will seek to answer big 
questions about the universe, are shown in this illustration. Credit: NASA/JPL-Caltech.
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SPHEREx will scan over 99% of the sky every six months; by 
contrast, Hubble has observed about 0.1% of the sky in more 
than 30 years of operations. Although survey telescopes like 
SPHEREx can’t see objects with the same level of detail as 
targeted observatories, they can answer questions about the 
typical properties of those objects throughout the universe.

For example, NASA’s recently launched James Webb Space 
Telescope will target individual exoplanets, measuring 
their size, temperature, weather patterns, and makeup. 
But do exoplanets, on average, form in environments 
that are conducive to life as we know it? With SPHEREx, 
scientists will measure the prevalence of life-sustaining 
materials like water that reside in icy dust grains in the 
galactic clouds from which new stars and their planetary 

systems are born. Astronomers believe the water in 
Earth’s oceans, thought to be essential to life starting on 
Earth, originally came from such interstellar material.

In order to pursue big-picture questions, the SPHEREx team 
first had to answer more practical ones, such as whether 
the instrument onboard could survive the environment 
in space, and if all its components could be packed 
together and operate as a system. Last month, the team’s 
final plans were approved by NASA, a step that the 
agency calls critical design review or CDR. This marks a 
major milestone for the mission on the way to launch.

For more information about the SPHEREx mission, 
visit www.jpl.nasa.gov/missions/spherex/.

NASA’s Space Launch 
System (SLS) rocket with 
the Orion spacecraft 
atop arrived at Launch 
Pad 39B at the agency’s 
Kennedy Space Center 
in Florida in preparation 
for a final test before its 
Artemis I Moon mission.

The uncrewed flight test 
will pave the way for 
missions to land the first 
woman and first person of 
color on the Moon under 
Artemis, and the rocket 
rolled to the pad for a 
final test before launch.

“From this sacred 
and historical 
place, humanity will 

soon embark on a new era of exploration,” said 
NASA Administrator Bill Nelson. “Artemis I will 
demonstrate NASA’s commitment and capacity to extend 
humanity’s presence on the Moon – and beyond.”

Stacked on the mobile launcher and mounted on the 
crawler-transporter for a journey from the Vehicle 
Assembly Building to Launch Pad 39B, it took 10 hours 

and 28 minutes for SLS and Orion to reach the launch pad 
four miles away. The trip began at 5:47 p.m. on March 
17, and the 322-foot tall, 3.5-million-pound rocket and 
spacecraft arrived at the pad at 4:15 a.m. on March 18.

The final test, known as the wet dress rehearsal, will 
run the Artemis I launch team through operations to 
load propellant into the rocket’s tanks, conduct a full 
launch countdown, demonstrate the ability to recycle the 
countdown clock, and also drain the tanks to practice the 
timelines and procedures the team will use for launch.

“Rolling out of the Vehicle Assembly Building is an iconic 
moment for this rocket and spacecraft, and this is a 
key milestone for NASA,” said Tom Whitmeyer, deputy 
associate administrator for Common Exploration Systems 
Development at NASA Headquarters in Washington. 

“Now at the pad for the first time, we will use the 
integrated systems to practice the launch countdown 
and load the rocket with the propellants it needs to send 
Orion on a lunar journey in preparation for launch.”

With Artemis, NASA will establish long-term exploration 
of the Moon in preparation for human missions to Mars. 
SLS and NASA’s Orion spacecraft, along with the human 
landing system and the Gateway in orbit around the Moon, 
are NASA’s foundation for deep space exploration.

For more photos of pad roll-out activities, 
visit go.nasa.gov/3u7zp8q.

NASA’S MEGA MOON ROCKET, SPACECRAFT 
COMPLETE FIRST ROLL TO LAUNCH PAD

NASA’s Space Launch System (SLS) 
rocket with the Orion spacecraft 
aboard is seen illuminated by spotlights 
atop a mobile launcher at Launch 
Complex 39B, Friday, March 18, 
2022, after being rollout out to the 
launch pad for the first time at NASA’s 
Kennedy Space Center in Florida. 
Credit: NASA.
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By Jian-Yang Li and Julie C. Castillo-Rogez

By Robin George Andrews

World Scientific, 2021, 194 pp., Hardcover. $88.00. www.worldscientific.com

W. W. Norton & Company, 2021, 336 pp., Hardcover. $27.95. www.wwnorton.com

Thanks to NASA’s Dawn mission, the last half-decade has witnessed a significant advance in our 
understanding of Ceres. The largest object between the orbits of Mars and Jupiter, Ceres is the most 
water-rich body in the inner solar system after Earth and shows evidence of brine-driven activity in its 
recent history and even possibly at the present. The potential existence of a subsurface ocean or regional 
seas in Ceres and its salt- and organic-rich composition underscore its astrobiological significance. After 
signaling the discovery of the asteroid belt more than two centuries ago, Ceres once again reveals 
new insights for us to understand the formation, evolution, and habitability of this large icy body in our 
solar system. This book reviews the current state of knowledge about Ceres after the extensive scientific 
exploration by the Dawn mission. Starting from the introduction of the discovery of Ceres and what we 
know about this enigmatic world before Dawn’s arrival, each chapter focuses on one aspect of Ceres, 
including its surface composition, its geology, the role of water ice in shaping Ceres’s surface, its interior 
structure, and expressions of cryovolcanic or brine activity at the surface. Following this framework, the 
book addresses the astrobiological significance of Ceres. The last chapter summarizes the new questions 
opened by the Dawn mission and the next step to exploring the dwarf planet closest to Earth.

Volcanoes are capable of acts of pyrotechnical prowess verging on magic: they spout black magma 
more fluid than water, create shimmering cities of glass at the bottom of the ocean and frozen lakes 
of lava on the moon, and can even tip over entire planets. Between lava that melts and re-forms the 
landscape and noxious volcanic gases that poison the atmosphere, volcanoes have threatened life on 
Earth countless times in our planet’s history. Yet, despite their reputation for destruction, volcanoes are 
inseparable from the creation of our planet. A lively and utterly fascinating guide to these geologic 
wonders, Super Volcanoes revels in the incomparable power of volcanic eruptions past and present, 
Earthbound and otherwise—and recounts the daring and sometimes death-defying careers of the 
scientists who study them. Science journalist and volcanologist Robin George Andrews explores how 
these eruptions reveal secrets about the worlds to which they belong, describing the stunning ways in 
which volcanoes can sculpt the sea, land, and sky, and even influence the machinery that makes or 
breaks the existence of life. Walking us through the mechanics of some of the most infamous eruptions 
on Earth, Andrews outlines what we know about how volcanoes form, erupt, and evolve, as well as what 
scientists are still trying to puzzle out. How can we better predict when a deadly eruption will occur—
and protect communities in the danger zone? Is Earth’s system of plate tectonics, unique in the solar 
system, the best way to forge a planet that supports life? And if life can survive and even thrive in Earth’s 
extreme volcanic environments — superhot, superacidic, and supersaline surroundings previously thought 
to be completely inhospitable — where else in the universe might we find it? Traveling from Hawai‘i, 
Yellowstone, Tanzania, and the ocean floor to the moon, Venus, and Mars, Andrews illuminates the 
cutting-edge discoveries and lingering scientific mysteries surrounding these phenomenal forces of nature.

CERES:  AN ICE-RICH WORLD IN THE 
INNER SOLAR SYSTEM

SUPER VOLCANOES:  WHAT THEY REVEAL 
ABOUT EARTH AND THE WORLDS BEYOND
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By Kate Greene

By William Sheehan and Jim Bell

St. Martin’s Press, 2021, 240 pp., Paperback. $16.99. us.macmillan.com

University of Arizona Press, 2021, 744 pp., Hardcover. $30.00. www.uapress.arizona.edu

When it comes to Mars, the focus is often on how to get there: the rockets, the engines, the fuel. But 
upon arrival, what will it actually be like? In 2013, Kate Greene moved to Mars. That is, along 
with five fellow crew members, she embarked on NASA’s first HI-SEAS mission, a simulated martian 
environment located on the slopes of Mauna Loa in Hawaii. For four months she lived, worked, 
and slept in an isolated geodesic dome, conducting a sleep study on her crewmates, and gaining 
incredible insight into human behavior in tight quarters, as well as the nature of boredom, dreams, 
and isolation that arise amidst the promise of scientific progress and glory. In Once Upon a Time 
I Lived on Mars, Greene draws on her experience to contemplate humanity’s broader impulse to 
explore. The result is a twined story of space and life, of the standard, able-bodied astronaut and 
Greene’s brother’s disability, of the lag time of interplanetary correspondences and the challenges of 
a long-distance marriage, of freeze-dried egg powder and fresh pineapple, of departure and return. 
By asking what kind of wisdom humanity might take to Mars and elsewhere in the universe, Greene 
has written a remarkable, wide-ranging examination of our time in space right now, as a pre-Mars 
species, poised on the edge, readying for launch.

Historian William Sheehan and astronomer and planetary scientist Jim Bell combine their talents to 
tell a unique story of what we’ve learned by studying Mars through evolving technologies. What the 
eye sees as a mysterious red dot wandering through the sky becomes a blurry mirage of apparent 
seas, continents, and canals as viewed through Earth-based telescopes. Beginning with the Mariner 
and Viking missions of the 1960s and 1970s, space-based instruments and monitoring systems have 
flooded scientists with data on Mars’s meteorology and geology and have even sought evidence 
of the possible existence of life-forms on or beneath the surface. This knowledge has transformed 
our perception of the Red Planet and has provided clues for a better understanding of our own blue 
world. Discovering Mars vividly conveys the way our understanding of this other planet has grown 
from earliest times to the present. The story is epic in scope — an Iliad or Odyssey for our time, at least 
so far largely without the folly, greed, lust, and tragedy of those ancient stories. Instead, the narrative 
of our quest for the Red Planet has showcased some of our species’ most hopeful attributes: curiosity, 
cooperation, exploration, and the restless drive to understand our place in the larger universe. 
Sheehan and Bell have written an ambitious first draft of that narrative even as the latest chapters 
continue to be added both by researchers on Earth and our robotic emissaries on and around Mars, 
including the latest: the Perseverance rover and its Ingenuity helicopter drone, which set down in 
Mars’s Jezero Crater in February 2021.

ONCE UPON A TIME I LIVED ON MARS:              
SPACE, EXPLORATION, AND LIFE ON EARTH

DISCOVERING MARS:  A HISTORY OF OBSERVATION 
AND EXPLORATION OF THE RED PLANET
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By Raymond T. Pierrehumbert

By Robert A. Garfinkle

Oxford University Press, 2022, 144 pp., Paperback. $11.95. global.oup.com/?cc=us

Springer, 2020, 1680 pp., Hardcover. $89.99. www.springer.com

Not long ago, the solar system was the only example of a planetary system – a star and the bodies 
orbiting it – that we knew. Now we know thousands of planetary systems and have even been 
able to observe planetary systems at the moment of their birth. This book explores this new frontier, 
incorporating the latest research, and takes the reader on a journey through the grand sweep of time, 
from the moment galaxies begin to form after the Big Bang to trillions of years in the future when the 
universe will be a dilute soup of dim galaxies populated mostly by red dwarf stars. Throughout, the 
author introduces the latest insights gained from a new generation of telescopes that catch planetary 
systems at the moment of formation and the theoretical advances that attempt to make sense of these 
observations. He explains how the elements that make up life and the planets on which life can live 
are forged in the interiors of dying stars and make their way into rocky planets. He also explores the 
vast array of newly discovered planets orbiting stars other than our own and explains the factors that 
determine their climates. Finally, he reveals what determines how long planetary systems can live, and 
what happens in their end-times.

This comprehensive, all-in-one handbook takes you on an incomparable journey of our closest 
celestial neighbor. Not since the golden age of 19th-century lunar guidebooks has one text 
managed to cover the Moon in such detail as this three-volume set. The handbook begins with a 
section on the Moon’s place in human history, mythology, and lore, before gravitating closer to 
the Moon itself through scientific sections on the Earth-Moon system, lunar motions, and cycles. 
Following these are technical chapters on how to purchase, use, and care for lunar observing and 
photography equipment. Techniques for observing the Moon (both with the naked eye and optical 
instruments) are detailed as the reader approaches the Moon’s surface on this visual tour-de-force. 
A close-up exploration of the Moon is the result. The “crater-hop” chapters discuss the physical 
aspects of the Moon’s features, offering brief biographical information on the person for whom 
the feature is named and how each individual was involved in the development of science and 
selenography from ancient to modern times. Luna Cognita goes far beyond any recent work in 
both breadth and depth of coverage on the Moon. Written in an accessible, engaging manner for 
readers of all backgrounds and levels of expertise, this handbook is thus an invaluable resource for 
anybody who looks up at the glowing sphere in the night sky and wants to learn more about the 

“Known Moon.”

PLANETARY SYSTEMS:  A VERY SHORT INTRODUCTION

LUNA COGNITA:  A COMPREHENSIVE OBSERVER’S 
HANDBOOK OF THE KNOWN MOON
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Developed for Astronomy Magazine

Developed by Michael Bakich for Astronomy Magazine

By Marcia Bjornerud

$10.99. myscienceshop.com

$99.95. myscienceshop.com

Princeton University Press, 2022, 200 pp., Hardcover. $16.95. www.press.princeton.edu

Explore the 30 most spectacular planets outside our solar system with this flashcard set, exclusively from 
Astronomy magazine. Learn about the discovery date, type of planet, distance from Earth, radius, mass, 
orbital period, and more fun facts about 30 exoplanets, including TRAPPIST-1, Kepler-186f, 51 Pegasi b, 
55 Cancri e, and more. This set features 30 sturdy, 4″ x 6″ cards, each featuring an exoplanet.

This Astronomy magazine exclusive meteorite kit is the ideal way to introduce students and astronomy 
enthusiasts to the various types of meteorites. Each kit includes six meteorite samples and three 

“meteorwrong” samples, each in individually labeled cases for easy identification. The kit also contains 
a loupe magnifier and magnet for further investigation. A 16-page educational booklet is included and 
covers topics such as the history of meteorites, locations of where they have been found, and a guide to 
start your own meteorite collection. For ages 10 and up.

Geopedia is a trove of geologic wonders and the evocative terms that humans have devised to describe 
them. Featuring dozens of entries, from Acasta gneiss to Zircon, this illustrated compendium is brimming 
with lapidary and lexical insights that will delight rockhounds and word lovers alike. Geoscientists are 
magpies for words, and with good reason. The sheer profusion of minerals, landforms, and geologic 
events produced by our creative planet demands an immense vocabulary to match. Marcia Bjornerud 
shows how this lexicon reflects not only the diversity of rocks and geologic processes but also the long 
history of human interactions with them. With wit and warmth, she invites all readers to celebrate the 
geologic glossary, a gallimaufry of allusions to mythology, imports from diverse languages, embarrassing 
anachronisms, and recent neologisms. This captivating book includes cross-references at the end of 
each entry, inviting you to leave the alphabetic trail and meander through it like a river. With whimsical 
illustrations by Haley Hagerman, Geopedia is a mix of engaging and entertaining facts about how 
the earth works, how it has coevolved with life over billions of years, and how our understanding of the 
planet has deepened over time.

EXOPLANETS FLASHCARDS

METEORITE EXPLORATION KIT

GEOPEDIA:  A BRIEF COMPENDIUM OF 
GEOLOGIC CURIOSITIES
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By Sandra Nickel

By Chris Ferrie

By Sophie Dussaussois

Abrams, 2021, 48 pp., Hardcover. $18.99. www.abramsbooks.com

Sourcebooks, 2019, 40 pp., Hardcover. $17.99. www.sourcebooks.com

Chronicle Books, 2021, 32 pp., Hardcover. $16.99. www.chroniclebooks.com

Vera Rubin was one of the astronomers who discovered and named dark matter, the thing that keeps the 
universe hanging together. Throughout her career, she was never taken seriously as a scientist because 
she was one of the only female astronomers at that time, but she didn’t let that stop her. She made 
groundbreaking and incredibly significant discoveries that scientists have only recently been able to 
really appreciate—and she changed the way that we look at the universe. A stunning portrait of a little-
known trailblazer, The Stuff Between the Stars tells Vera’s story and inspires the youngest readers who 
are just starting to look up at the stars. For ages 6 to 9.

Spark your child’s imagination through science and learning with this captivating astronomy book 
for toddlers. When it comes to kids’ books about black holes, nothing else can compare to this 
clever science parody from children’s author Chris Ferrie. Use a black light to reveal secret, invisible 
text and artwork that reverses the story from nothing to the scientific creation of everything. Using 
the familiar rhythm of “There Was an Old Lady Who Swallowed a Fly,” follow along as the black 
hole swallows up the universe and everything that exists in it, from the biggest to the smallest pieces 
of matter. The silly, vibrant artwork is sure to make stargazers of all ages smile and start a love of 
science in your baby. For ages 4 to 8.

What’s out in space? Can we travel to other planets? What do astronauts do? Children can find out the 
answers to these questions and more in this accessible and interactive guide. The multilayered 3-D scenes 
leap off every page, allowing young readers to experience space in a unique way. This book features 
ten big, multilayered pop-ups, one on every spread; descriptive text and labeled illustrations for quick 
and easy learning; built-in elastic bands that allow readers to display their favorite scenes on a bookcase 
or desk; and sturdy construction that’s perfect for at-home or on-the-go. For ages 3 to 5.

THE STUFF BETWEEN THE STARS:  HOW VERA 
RUBIN DISCOVERED MOST OF THE UNIVERSE

THERE WAS A BLACK HOLE THAT 
SWALLOWED THE UNIVERSE

THE POP-UP GUIDE:  SPACE
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By Bert Wilberforce

By Zoë Tucker

Gareth Stevens Publishing, 2021, 32 pp., Hardcover. $19.95. www.garethstevens.com

Wide Eyed Editions, 2021, 32 pp., Hardcover. $15.99. www.quartoknows.com

For many years, people believed there were nine planets that orbited the Sun. Now we say there are 
eight. What happened to the ninth planet, Pluto? What are the different planets like? What exactly 
makes a planet a planet? These are the many intriguing questions answered with this high-interest book, 
crafted to be accessible for readers of all levels. Young astronomers will be especially fascinated by the 
stunning photographs and the “Make the Grade” fact boxes. For ages 5 to 8.

This beautiful picture book tells the story of two scientists who worked together side by side to send 
humans into space. Mary Jackson was super smart. She loved math and science, and she loved to 
learn. When Mary got a job at NASA, it was a dream come true! But this was a time when Black 
people were segregated from white people, and Mary had to fight hard for every opportunity. In 
1953, Mary started working alongside Kaz Czarnecki. They soon realized how much they could 
share and teach each other. The two were from completely different backgrounds, but it didn’t matter 
at all—they had so much in common. This was the beginning of a friendship that lasted for decades. 
Together, they worked on amazing experiments and achieved incredible things, like working to land 
astronauts on the Moon. For ages 4 to 7.

THE PLANETS

WE ARE THE NASA SCIENTISTS
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C ALENDAR  

2022 Upcoming Events
May |  June |  July |  August |  September |  October |  November

May

Exoplanets IV

MEPAG (Mars Exploration Program Analysis Group) #39 Meeting

Mars Upper Atmosphere Network (MUAN) Meeting

Lunar Surface Innovation Consortium Spring Meeting

May 1–6

May 2–4

May 2–4

May 4–5

Las Vegas, Nevada

Denver, Colorado/Virtual

Uppsala, Sweden

Laurel, Maryland

aas.org/meetings/aastcs9/exoplanets

www.lpi.usra.edu/mepag/meetings/

sites.google.com/view/muan2022uppsala/home

lsic.jhuapl.edu/Events/Agenda/index.php?id=200

Science Objectives for Human Exploration of Mars

Apophis T-7 Years: Knowledge Opportunities 
for the Science of Planetary Defense

May 4–6

May 11–12

Denver, Colorado/Virtual

Virtual

www.hou.usra.edu/meetings/marsexploration2022/

www.hou.usra.edu/meetings/apophis2022/
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C A L E N DA R

35th Nordic Geological Winter Meeting 2022

May 11–13

Reykjavik, Iceland
jfi.is/ngwm-2022/

Origins and Exploration: From Stars to Cells (AbSciCon)
May 15–20

Atlanta, Georgia/Virtual
www.agu.org/abscicon

2022 Humans to Mars Summit
May 17–19

Washington, DC
www.exploremars.org/

7th International Planetary Dunes Workshop
May 17–20

Alamosa, Colorado
www.hou.usra.edu/meetings/dunes2022/

Applications of Statistical Methods and Machine Learning in the Space Sciences
May 17–21

Virtual
spacescience.org/workshops/mlconference2021.php

Japan Geoscience Union Meeting 2022
May 22–27

Makuhari Messe, Chiba, Japan/Virtual
www.jpgu.org/meeting_e2022/

EGU General Assembly 2022

13th Edition of International Conference on Analytical Chemistry

May 23–27

May 23–24

Vienna, Austria/Virtual

Barcelona, Spain

www.egu22.eu

analyticalchemistry.euroscicon.com/
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C A L E N DA R

Life on Earth and Beyond Summer School
May 30 – June 1

Ven Island, Sweden
www.nordicastrobiology.net/Ven2022/

June

Astrobiology and Society Conference

Unique Science from the Moon in the Artemis Era Workshop

27th Meeting of the NASA Small Bodies Assessment Group

Space Resources Roundtable

June 3–4

June 7–9

June 7–9

 June 7–10

Hoor, Sweden

NASA Kennedy Space Center, Florida/Virtual

Washington D.C. area/Virtual

Golden, Colorado

www.nordicastrobiology.net/Hoor2022/

web.cvent.com/event/320af6c4-ade6-4c20-84cf-8a556c1fd157/summary

www.lpi.usra.edu/sbag/meetings/sbag-27/

learn.mines.edu/srr/

Mercury: Current and Future Science of the Innermost Planet
June 7–10

Orléans, France
mercury2020.ias.u-psud.fr/main_1st.php

European Lunar Symposium (ELS)
May 24–26

Virtual
lunarscience.arc.nasa.gov/els2022/
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19th International Conference on Ground Penetrating Radar (GPR 2022)
June 12–17

Golden, Colorado
learn.mines.edu/gpr2022/

Meteoroids 2022

Outer Planets Assessment Group (OPAG) Meeting

June 13–17

June 14–15

Virtual

Washington D.C. Area/Virtual

www.hou.usra.edu/meetings/meteoroids2022/

www.lpi.usra.edu/opag/meetings/upcoming/

7th Mars Atmosphere Modelling and Observations Workshop
June 14–17

Paris, France
www-mars.lmd.jussieu.fr/paris2022/

Planetary Science Informatics and Data Analytics Conference 2022

Annual Meeting of Planetary Geologic Mappers

June 21–23

June 22–23

Villanueva de la Cañada, Spain

Flagstaff, Arizona/Virtual

www.cosmos.esa.int/web/psida-2022/home

www.hou.usra.edu/meetings/pgm2022/

European Astronomical Society Annual Meeting
 June 27–July 1

Valencia, Spain
eas.unige.ch/EAS2022/index.jsp

C A L E N DA R

Planet Formation: From Dust Coagulation to Final Orbit Assembly
 June 7 –July 1
Garching, Germany
www.munich-iapbp.de/activities2022/planetformation

54
  © Copyright 2022 Lunar and Planetary Institute  Issue 168 April 2022

http://learn.mines.edu/gpr2022/
http://www-mars.lmd.jussieu.fr/paris2022/
http://www.cosmos.esa.int/web/psida-2022/home
http://eas.unige.ch/EAS2022/index.jsp
http://www.munich-iapbp.de/activities2022/planetformation


C A L E N DA R

July

Rocky Worlds II

Workshop on In Situ Exploration of the Giant Planets II

July 4–8

July 12–14

Oxford, United Kingdom

Laurel, Maryland

www.rockyworlds.org/

www.hou.usra.edu/meetings/giantplanets2022/

International Congress Festival – International Center for Research 
and Restitution on the Impact and on Rochechouart (ICF-CIRIR)

 June 28–July 3

Rochechouart, France
cirir-edu.org/presentation-congres-festival-2022/

44th COSPAR Scientific Assembly and 
Associated Events (COSPAR 2022)

July 16–24

Athens, Greece
www.cospar-assembly.org

22nd International Mineralogical Association Meeting
 July 18–22

Lyon, France
www.ima2022.fr/

Optimizing Planetary In Situ Surface-Atmosphere 
Interaction Investigations

June 28–July 1

Boise, Idaho/Virtual
www.hou.usra.edu/meetings/planetinsitu2022/

Ancient Venus Conference of the Venus Science Initiative
 July 25–27

Houston, Texas/Virtual
www.hou.usra.edu/meetings/ancientvenus2022/
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2022 Sagan Summer Workshop: Exoplanet Science in the Gaia Era
 July 25–29

Pasadena, California/Virtual
nexsci.caltech.edu/workshop/2022/

C A L E N DA R

Winds of Stars and Exoplanets

IAU General Assembly

August 2–11

August 2–11

Busan, Republic of Korea

Busan, Republic of Korea/Virtual

local.strw.leidenuniv.nl/iaus370

www.iauga2022.org/

August

19th Annual Meeting of the Asia Oceania 
Geosciences Society (AOGS)

IAU Focus Meeting 8: Planetary Astronomy via 
Telescopic and Microscopic Approaches

Emerging Researchers in Exoplanet Science (ERES) VII

August 1–5

August 2-3

August 1-2

Virtual

Busan, Republic of Korea

State College, Pennsylvania

www.asiaoceania.org/aogs2022/public.asp?page=home.asp

www.iau.org/science/meetings/future/2600/

sites.psu.edu/eres2022/

Triennial Earth-Sun Summit (TESS) 2022
August 8–12

Bellevue/Seattle, Washington

aas.org/meetings/tess2022
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13th Meeting on Cosmic Dust

Annual Meeting of the Lunar Exploration Analysis Group

2nd International Conference on High-Speed 
Vehicle Science and Technology (HiSST)

August 22–26

August 23–25

September 11–15

Kitakyushu, Japan

Laurel, Maryland/Virtual

Bruges, Belgium

www.cps-jp.org/~dust/Welcome.html

www.hou.usra.edu/meetings/leag2022/

atpi.eventsair.com/QuickEventWebsitePortal/hisst-2020/website

September

Brines Across the Solar System: Ancient Brines
September 12–15

Reno, Nevada
www.hou.usra.edu/meetings/ancientbrines2022/

Planet and Binary Formation in Gravitationally Unstable 
Protoplanetary Discs in the High-Resolution Era

September 12–16

Leicester, UK/Virtual
sites.google.com/view/leicester-conference-2022

85th Annual Meeting of The Meteoritical Society
September 14–19

Glasgow, Scotland
www.metsoc2022.com/

C A L E N DA R

3rd International Conference on Advanced Materials 
Science and Nanotechnology (AMSN 2022)

August 18–19

Singapore, Singapore
materialsscienceforum.com/
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Distributed Volcanism and Distributed Volcanic Hazards

73rd International Astronautical Congress

Europlanet Science Congress

September 19–23

September 18–22

September 18–23

Flagstaff, Arizona

 Paris, France

Granada, Spain

www.agu.org/Chapmans-Distributed-Volcanism

www.iafastro.org/events/iac/iac-2022/

www.europlanet-society.org/european-planetary-science-congress/

C A L E N DA R

Ultraviolet Astronomy in the XXI Century: 5th Workshop of 
the Network for Ultraviolet Astronomy — Face-to-Face

October 3–7

Vitoria, Spain
www.nuva.eu/workshop2020

October

Geological Society of America Annual Meeting

October 9–12

Denver, Colorado/Virtual
community.geosociety.org/gsa2022/home

Apollo 17 ANGSA Workshop

October 26–28

Houston, Texas
www.hou.usra.edu/meetings/ANGSAApollo17_2022/

Hypervelocity Impact Symposium 2022
September 18–22

Alexandria, Virginia
hvis2022.jhuapl.edu/
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Forming and Exploring Habitable Worlds

4th Global Summit on Future of Materials Science and Research

20th Meeting of the Venus Exploration Analysis Group (VEXAG)

November 7–13

November 8–9

November 7–9

Edinburgh, United Kingdom/Virtual

Las Vegas, Nevada

Pasadena, California/Virtual

www.habitableworlds.co.uk/

materialsscience.peersalleyconferences.com/

www.lpi.usra.edu/vexag/meetings/vexag-20/

C A L E N DA R

Exoplanets in Our Backyard 2

November 2–4

Pasadena, California/Virtual
www.hou.usra.edu/meetings/exoplanets2022/

November
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