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L E T T E R  F R O M  D I R E C T O R

Irregular galaxy NGC 4485
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We help humanity explore the universe with 
advanced telescopes and archives.

Expanding
the Frontiers of
Space Astronomy 

I
As 2019 comes to a close, we are looking forward to a future in 
which STScI serves the astronomical community and the public in 
new and innovative ways. We are on a remarkable journey with the 
astronomical community, one that merges observations, numerical 
simulations, theory, laboratory work, and data science into scientific 
knowledge. Astronomy is changing before our eyes, and we intend 
to change along with it so that we can help humanity unlock the 

secrets of the universe with advanced tools, techniques, and data. Whether it is 
conducting cutting-edge research, tackling complex mission support work, or 
sharing astronomical discoveries with the world, we are committed to promoting 
an inclusive, equitable workplace and cultivating a diverse, engaged workforce. 

The pace of our work picked up this year and will continue to accelerate as we 
approach the launch of the James Webb Space Telescope in 2021. Launch rehears-
als and commissioning preparations are in full swing, and our teams are busily 
preparing for the first cycle of observations with this amazing machine. While the 

prospects of what is to come with Webb are an obvious source of motivation, there are many exciting things to look forward to in 
the near term—the 30th anniversary of Hubble observations this coming spring, the maturation of  WFIRST as a Great Observatory, 
the results of the 2020 Decadal Survey, and greater attention to efforts to enhance the scientific potential of the Mikulski Archive 
for Space Telescopes. 

In this year’s report, you’ll find some wonderful examples of the ways in which we are striking out in new directions. Whether it is 
pushing Hubble to its limits, finding ways to “hear” the universe, manipulating starlight to make it possible to study Earth-analogs 
orbiting nearby stars, or any other of the numerous activities described herein, I am certain you’ll find something that piques your 
interest. 

We do not yet know what the new year will bring, but if it is anything like this one I am sure it will be both rewarding and full of 
surprises. Looking forward!

OUR STRATEGIC
GOALS

Excel in the science operations of NASA’s  current and future astrophysics 
flagship missions.

Advance state-of-the-art astronomical data, archives, and tools for  
scientific discovery.

Make the world’s astronomical information  accessible to all.

Promote an inclusive, equitable workplace and cultivate a diverse, engaged 
workforce.

:
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Expanding
Our View

As the newly appointed Science Operations Center, the 
institute will help ensure the scientific success of NASA’s 
upcoming Wide Field Infrared Survey Telescope scheduled 
for launch in the mid-2020s.

n 2019, the institute was contracted by NASA’s 
Goddard Space Flight Center to be the Science 
Operations Center for the Wide Field Infrared 
Survey Telescope (WFIRST). The work builds 
on the pre-formulation, formulation, and de-

sign activities that our teams have performed for the WFIRST 
mission since 2014, and supports continued systems engineer-
ing and design, instrument and science support activities, and 
outreach through September 2021. 

i
with WFIRST
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A composite figure of our neighboring Andromeda galaxy 
highlights the extremely large field of view of WFIRST’s 
Wide Field Instrument (outlined in white) compared to 
Hubble’s infrared camera (red) and the region covered by 
the Panchromatic Hubble Andromeda Treasury (PHAT) 
mosaic (teal), the largest Hubble mosaic ever created. 
The PHAT, which covers a 61,000-light-year swath of An-
dromeda, consists of more than 400 composite images 
collected over more than 650 hours of infrared observing 
time. WFIRST will be able to cover the entire PHAT, at the 
same resolution, with just two pointings (taking about 
an hour total). And by pairing Hubble observations with 
WFIRST’s, scientists will be able to analyze Andromeda in 
light that ranges from infrared to ultraviolet.

100 Hubbles for the 2020s

Leveraging Experience and 
Expertise

Ranked as the highest scientific priority for a 
large space astrophysics mission in the 2010 
Decadal Survey conducted by the National Acad-
emies, WFIRST is designed to collect the big 
data needed to tackle essential questions across 
a wide range of topics, touching upon virtually 
every class of astronomical object, environment, 
and distance. 

With its 2.4-meter mirror, 300-megapixel Wide 
Field Instrument, and near-infrared sensitivity, 
WFIRST will be able to capture the equivalent 
of 100 high-resolution near-infrared Hubble 
Space Telescope images in a single pointing. Its 
expansive field of view, combined with its stable 
observing position 1 million miles from Earth 
and its ability to rapidly change targets, will 
enable WFIRST to survey the sky up to thou-
sands of times faster than Hubble with the same 
fine detail, quickly gathering enormous amounts 
of imaging and spectroscopic data from mil-
lions of galaxies and billions of individual stars. 
WFIRST will also have a Coronagraphic Instru-
ment, a technology demonstration designed to 
pave the way for high-contrast direct imaging 
and spectroscopy of Earth-sized exoplanets by 
future large space-based missions that are being 
considered for the Decadal Survey on Astronomy 
and Astrophysics in 2020.

In its official capacity as the Science Operations 
Center, STScI has the privilege and responsi-
bility of ensuring WFIRST’s scientific success, 
just as we do for Hubble. Our teams are charged 
with developing methods to cost-effectively and 
efficiently plan, schedule, and carry out obser-
vations; calibrate, process, and archive mission 
datasets; support instrument commissioning; 
and engage and inform both the astronomical 
community and the public. 

Completing these tasks successfully requires a 
diverse array of skillsets. The institute is able to 
leverage its nearly 40 years of running scientific 

operations for NASA flagship missions, as well 
as the experience and expertise of numer-
ous teams across the institute. The WFIRST 
Science Operations Center now comprises 
a dedicated WFIRST Mission Office along 
with WFIRST-focused teams in engineering, 
science support, integration and testing, 
data management and archives, and public 
outreach. It involves over 100 individuals 
at STScI, many of whom also continue to 
actively support Hubble and NASA’s James 
Webb Space Telescope, and proposed future 
missions. 

Building on existing relationships, STScI 
will collaborate closely with NASA’s God-
dard Space Flight Center, which manages 
the mission; the Jet Propulsion Laboratory 
(JPL), which is developing the Coronagraphic 
Instrument; IPAC/Caltech, which provides 
science support for the Coronagraphic Instru-
ment and elements of the Wide Field Instru-
ment as the observatory’s Science Support 
Center; and with researchers from institu-
tions across the country, as well as various 
industrial and international partners.

Planning for Big Data
One of the most exciting and challenging 
aspects of the WFIRST mission will be the 
enormous amounts of data that it will yield: 
an archive with an estimated 20 petabytes—
the equivalent of a 40,000-year-long song 
in mp3 format—over its five-year planned 
mission. The institute’s role as the Science 
Operations Center includes designing 
systems to process and archive the data in a 
timely manner so it is easily accessible to the 
astronomical community and the public as 
quickly as possible. 

All of the WFIRST imaging and spectroscopic 
data will be held in the Barbara A. Mikulski 
Archive for Space Telescopes (MAST) at the 
institute, where it will join that of more than 
20 other ground- and space-based missions, 
including Hubble, Webb, NASA’s Kepler/K2 
mission, and NASA’s TESS (Transiting Exo-
planet Survey Satellite).
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Complementing Other Missions
WFIRST’s combination of capabilities will be a 
valuable complement to those of other observatories, 
including Hubble and Webb. In fact, with a launch date 
set for the mid-2020s, astronomers expect that the 
three will be able to team up: with WFIRST providing 
the large field of view and rapid survey speed in the 

near-infrared; Hubble continuing to provide ultraviolet 
and visible light coverage; and Webb following up to 
observe particular targets in more detail and farther 
into the infrared. By conducting all three science oper-
ations under one roof, the institute will help magnify 
the scientific impact of all three missions.

Planning Observations and Communicating with the Public

Fast, Open, and Inclusive
With its ability to collect so much detailed data so quickly, WFIRST is ideally suited for large time-domain surveys, which involve 
imaging a particular part of the sky at regular intervals. Its supernova survey, for example, will be dedicated to monitoring hundreds of 
thousands of distant galaxies for stellar explosions that can be used to study dark energy and the expansion of the universe. 

While understanding dark energy is a worthy objective in itself, the survey’s use will stretch far beyond this, and access to the data will 
not be limited to specific individuals or teams working on dark energy. Researchers around the world will be able to use the imaging 
and spectroscopic data to study stars of the Milky Way halo, interactions between nearby colliding galaxies, distant gravitational wave 
sources, and other rare transient phenomena, some of which may have never before been observed.

In fact, all of the WFIRST data collected—from both dedicated surveys and General Observer programs—will be immediately avail-
able to everyone, with no proprietary time. Democratization of data access not only increases the speed with which data can 
be analyzed and discoveries made, it opens up the entire field to new minds, new methods, and new ideas. STScI will play a 
crucial role in developing systems and tools to ensure that WFIRST data are accessible and useful for answering a wide 
variety of questions in astrophysics. 

This simulated image of a portion of Andromeda (M31) highlights the high resolution and large field of view of WFIRST’s 
Wide Field Instrument. The image is based on optical and infrared data from the Panchromatic Hubble Andromeda 
Treasury (PHAT) program, and was made using the Space Telescope Image Product Simulator (STIPS), one of a number 
of tools developed at STScI for planning Webb and WFIRST observations. This image and other similar images are being 
used by STScI’s Office of Public Outreach to communicate WFIRST’s wide-reaching scientific capabilities to both astron-
omers and the public.

WFIRST’s surveys will image tens of thousands of 
large clusters of galaxies, such as this one observed 
by Hubble, discovering and measuring the distorted 
shapes of hundreds of millions of galaxies located 
behind these clusters to learn about dark matter, 
dark energy, and the expansion of the universe.
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Designing
the Future of
Astronomy
Staff at the institute are active in all aspects of the Astro2020 
Decadal Review, which advises our national science agencies on the 
priorities for new astronomy initiatives and observatories.

t he idea of a space-based telescope was first conceived 
in 1946 by Lyman Spitzer, but his paper appeared in an 
appendix of a document prepared for a defense-related 
organization. This idea would lead, decades later, to 
the Hubble Space Telescope. The realization of today’s 
beloved Hubble began in 1969, when the concept to 
build a “large space telescope” was formally proposed 
by the scientific community in partnership with the 
aerospace industry.
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Since the 1960s, the process to propose new 
astronomical facilities—both in space and on 
the ground—is well known: Once a decade, the 
National Academies of Sciences, Engineering, and 
Medicine seeks input from the U.S. astronomical 
community, requesting that scientists identify 
priorities in astronomy and astrophysics, and de-
velop a comprehensive strategy for the upcoming 
decade. 

Their recommendations include everything from 
large-scale space- and ground-based observato-
ries to assessments of the state of the profession. 
Administrators at NASA, the National Science 
Foundation, and the U.S. Department of Energy 
use these recommendations to decide which new 
facilities, missions, and research support pro-
grams to implement over the next 10 to 20 years.

The Decadal Survey on Astronomy and Astrophys-
ics (Astro2020) is now underway—and scientific 
and technical staff at STScI are vigorously en-
gaged. To acquire the critically needed input from 
our research community to ensure transformative 
science is pursued, the National Academies, with 
recommendations from the Astro2020 co-chairs 

Rob Kennicutt and Fiona Harrison, established 12 
panels and a top-level steering committee.

Six of the panels are charged with identifying the 
key scientific priorities for 2022 to 2032 and six 
panels are charged with identifying the projects, 
facilities, and programs that can best address that 
science. Four STScI scientists are serving on the 
Astro2020 panels and one STScI scientist is serving 
on the main Steering Committee as its executive 
officer, a key leadership role for the Astro2020 
survey. 

The most important staff involvement, however, is 
providing the vital scientific input to the Astro2020 
panels in the form of well-crafted white papers. 
Just over 570 science white papers were submit-
ted during the open call for community feedback 
in the spring of 2019. STScI staff were authors on 
143 of the submitted white papers, contributing to 
about 25 percent of the science input. This is an 
impressive demonstration of commitment to the 
Astro2020 process, given that our science staff 
accounts for less than 3 percent of all active U.S. 
astronomers. 

In addition to the science white papers, the U.S. 
community submitted nearly 300 white papers 
on concepts for future facilities, new kinds of 
research programs, and ways in which we can im-
prove the state of the profession. Here, too, STScI 
staff members are strongly represented, authoring 
or co-signing 54 of the 294 activities, programs, 
and state-of-the-profession consideration white 
papers. 

As part of the preparation for Astro2020, NASA 
funded four three-year studies of large strate-
gic mission concepts that will be considered as 
potential flagship space-based observatories ready 
for launch in the 2030s (see sidebar on page 16). 
Reports describing the science cases and detailed 

design concepts for these possible future tele-
scopes were submitted to the Astro2020 review 
panels in summer 2019.

These proposals are exciting in part for the 
potential outcomes—NASA’s James Webb Space 
Telescope was selected at Astro2000 and NASA’s 
Wide Field Infrared Survey Telescope (WFIRST) 
at Astro2010, both of which are run in part-
nership with STScI. No matter which decisions 
are announced in early 2021, the institute will 
continue to play important roles on missions in 
the coming decades by participating in develop-
ing key mission technologies, helping to run their 
science operations, and archiving and dissemi-
nating the data.

25%3%
Fraction of U.S. 
astronomers that work 
at the institute

Portion of science 
white papers authored 
or co-authored by our 
science staff

Decadal Publications
In addition to serving on Astro2020 science panels, staff across the institute also published and co-published a variety of 
papers in preparation for the decadal review. Their articles address a range of topics, including the state of the profession, 
data science, future technologies, and a variety of cutting-edge science topics.

Data science and
software engineering papers

Future flagship mission papers

Future technologies papers

Science papers

��������������

Diversity and inclusion, and
other state of the profession papers
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2020
FLAGSHIP MISSION

PROPOSALS

HabEx LUVOIR

LYNX
ORIGINS SPACE TELESCOPE

Four flagship missions, proposed to be ready for launch in the 2030s, were formally submitted to 
Astro2020—and all four studies were supported by staff at the institute.

Learn about each:

This 4-meter space telescope, formally known as the 
Habitable Exoplanet Observatory, is designed to directly 
image planetary systems around Sun-like stars by mak-
ing observations in ultraviolet, optical, and near-infrared 
light. HabEx will also perform a range of important astro-
physics programs.

The Large Ultraviolet Optical Infrared Surveyor will 
use a large 8- to 15-meter telescope to make ob-
servations in ultraviolet, visible, and near-infrared 
light. It will be capable of detecting life on dozens 
of Earth-like exoplanets and making a broad range 
of revolutionary astrophysics.

This advanced X-ray space telescope will be able 
to detect the first supermassive black holes in the 
universe and provide a new perspective on the 
high-energy processes involved in the formation 
and evolution of stars and galaxies.

This far-infrared space observatory will be capa-
ble of tracing the history of our origins from the 
time when dust and heavy elements permanently 
altered the cosmic landscape to present-day life. 
Origins will also be able to efficiently map the evo-
lution of galaxies.

Leading a major Hubble observing 
program while running to find balance

J

Full 
Speed
Ahead

M E E T  O U R  S T A F F

ulia Roman-Duval’s passion is palpable, but it’s also 
continuously expanding and changing. Her verve 
applies not only to her work as an astrophysicist, 
where she’s an active researcher, collaborator, and 
mentor—but also to long distance running. (She 
won the women’s title in the 2018 Baltimore mara-
thon and competed in the U.S. Olympic Marathon 
Trials in 2016.)

Roman-Duval grew up on Réunion Island in the Indian Ocean, 
where her parents ensured that their four children had access to 
the right resources. When she found a science magazine with an 
article about special relativity at age 11, she was hooked. “For me, 
that was it—I wanted to pursue astrophysics,” she says. 

Now an astronomer on the tenure track at the institute, Roman-Duval 
leads the implementation of Hubble’s Ultraviolet Legacy Library of 
Young Stars as Essential Standards (ULLYSES), a major director’s 
discretionary research program. 

ULLYSES will produce an ultraviolet spectroscopic library of young 
high- and low-mass stars in the local universe that will complement 
a wealth of research conducted by scientists in the astronomy com-

munity. “This program will help us put constraints on the spectra of young stars that we’ve never had before,” Ro-
man-Duval explains. And, since there will be lots of data, her team will ensure they are very easy to search and visualize.

Managing this large program is exciting for the same reasons she loves running. “I work better under pressure,” she 
laughs. “Plus, it gives me opportunities to interact quite a bit with the scientific community and departments across 
the institute since there are so many puzzle pieces to fit together.”

Learn more about the proposed flagship missions: GreatObservatories.org
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We are preparing for the science and mission operations of 
the James Webb Space Telescope.

i t was 2:00 a.m. and the global Ground Systems 
team for NASA’s James Webb Space Telescope 
was gathered at STScI for an important, congres-
sionally mandated rehearsal, about to perform 
one of the time-critical phases of the telescope’s 
commissioning—when the fire alarm went off.

Was it a real fire or a purposeful issue introduced 
by the rehearsal anomalies team? Either way, the staff members 
working in the Mission Operations Center knew the rehearsal 
had to go on and followed the procedures: Command control was 
seamlessly transferred to the backup Mission Operations Center 
at NASA’s Goddard Space Flight Center in Greenbelt, Maryland, 
where the time-critical fuel burn was performed nearly at the orig-
inally scheduled time.

Preparation
and
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By detecting infrared light with telescopes, scientists are able to 
observe the structure of dust in galaxies that glows in infrared light. 
The top image was captured by NASA’s Spitzer Space Telescope, 
which ended its mission in January 2020 after more than 16 years in 
the sky. Webb will observe infrared light like Spitzer, with Hubble’s 
resolution (bottom image), providing more detail than ever before. 

Eventually, the team members learned the alarm 
was in fact from the rehearsal anomalies team, and 
that they had performed well during a practice for 
the myriad anomalies that could crop up, not from 
Webb itself, not from the environment around the 
telescope as it makes its way to its orbit beyond the 
Moon, but from the environment around us.

As the launch of Webb draws closer, the frequency 
of rehearsals will increase. Congressionally man-
dated rehearsals are held quarterly, with additional 
government oversight rehearsals monthly. The 
team performs dry runs for each of these, trying 
to cover as much of the unexpected as possible to 
ensure they are trained to respond to events they 
cannot anticipate.

Training the Trainers

Download the
‘Workshop in a Box’
Find the compendium of training 
and support materials for personal 
use or to organize your own JWST 
proposal planning workshops:

Beyond these crucial trainings, the Webb team 
at the institute is also working to prepare the 
astronomy community to do science with Webb. 
Scientists from all over the world will use Webb to 
study foundational questions in astrophysics, on 
topics from the first galaxies to the atmospheres of 
planets around other stars.

stsci.edu/jwst/science-planning/
proposal-training

Selected participants attended an in-depth “train the trainer” master class at STScI, where they learned about 
tools and science relevant for submitting proposals to use Webb. After mastering the skills and information, 
they are now disseminating it in their communities, helping to prepare the wider community for Webb science.

Community workshops, conferences, and science discussions 
throughout 2020 will help prepare scientists to use the James Webb 
Space Telescope. Find an up-to-date list of upcoming opportunities:

MARK YOUR
CALENDAR stsci.edu/jwst/science-planning/proposal-training

Realizing that not everyone who will want to 
work with Webb data would be able to come to 
the institute for a workshop, our team devel-
oped a “train the trainer” master class. In No-
vember, 28 participants arrived at the institute 
for four-and-a-half days of in-depth training 
on proposal planning, including user tools, 
instrument modes, example science cases, and 
documentation.

Graduates of the master class are now leading 
proposal-preparation training activities in their 
communities. In addition, after the master 
class, a “Workshop in a Box” package was made 
available for scientists to self-instruct and share 
with colleagues as they wish. 

All this preparation leads up to the Cycle 1 
deadline for scientists to submit science 
proposals to use Webb. Up to 6,000 hours of 
Webb’s time will be available for observing 
programs using the full suite of the telescope’s 
instrumentation. Scientists will also have an 
opportunity to propose for archival analysis 
of data, theoretical investigations, and the 
development of software tools. Visit jwst.stsci.
edu for the most up-to-date information.

With Webb scheduled to launch in 2021, the 
countdown is on to prepare to make the best 
use of its powerful imaging and spectroscopic 
tools, and the new windows they will open to 
the universe. Teams at STScI are hard at work 
assisting the astronomy community as they 
make ready for the Webb era. 
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‘Sonifying’
 Data

M E E T  O U R  S T A F F

I magine cranking a sculpture to produce a 
noise: If you go slowly, it will produce long, 
slow waves. If you speed up, the sound will 
become higher pitched and more chaotic. This 
concept represents the pulsations of two types 
of stars: big, puffy red giants and white dwarfs.

By hearing the data and listening to a brief 
narration, you would have a more complete sensory expe-
rience than by examining a graph and reading a descrip-
tion. Plus, the approach makes the data more accessible to 
all participants, particularly people who are blind or have 
low vision. 

This is not a theoretical project—Scott Fleming, Clara 
Brasseur, Jennifer Kotler and Susan Mullally, all of the in-
stitute, and Kate Meredith of GLAS Education, received an 
STScI grant to pursue the “sonification” of data by creating 
kinetic sculptures and providing the option to retrieve data 
as audio files from our archives. Now underway, the project 
is slated for release in early 2021.

Fleming has thought a lot about the future of astronomical research. “What does data look like in 10 or 20 years?” he asks. 
“It may not be a plot on a screen. You might explore them through virtual reality.” Fleming is an astronomical data scientist 
in the Mikulski Archive for Space Telescopes (MAST), where he helps design and create open-source tools for the astrono-
my community. This new grant will allow him to expand his work and provide new opportunities to collaborate. 

“So much of our work requires people who are willing to combine studies and start to ask hard questions about how the 
topics relate to each other, especially across disciplines,” he says. “With this project, our goal is to make data in MAST more 
accessible to people of all backgrounds.”

Making astronomical data more accessible to 
people who are blind or have low vision

One of the most exciting aspects of Webb science will be using the telescope to see back through cosmic time to study 
the development of the universe’s first galaxies. Webb will detect light much further into the infrared than Hubble, and with 
sharper resolution than NASA’s Spitzer Space Telescope. This means Webb can detect the longer infrared wavelengths of 
light, stretched over time by the universe’s expansion, in more detail than we’ve ever seen before.
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Learn how staff at the institute launched ground-
breaking science programs with the Hubble
Space Telescope.

every few weeks, scientists using 
data from NASA’s Hubble Space 
Telescope publish revolutionary 
findings that cause us to reconsider 
our understanding of the universe. 

In 2019, teams identified a black hole that models 
didn’t predict, found magnesium and iron gas 
streaming from a planet 900 light-years away, and 
reassessed the universe’s expansion rate. Learn 
how teams at the institute are working to enable 
discoveries through 2025 and beyond.

Than
Ever
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Bolstering Webb’s Upcoming 
Observations
Hubble is vital to future astronomical discov-
eries, including those made by NASA’s James 
Webb Space Telescope. For several years, the 
calls for proposals to observe with Hubble have 
included a request for science ideas that maxi-
mize the science return of both telescopes. 

In these cases, as soon as the observations are 
made, they are immediately accessible to the 
public—there is no proprietary period—which 
means that scientists around the world can pair 
them with other data of the same targets as 
soon as the data are posted to our archives. 

Recent initiatives include a program that iden-
tifies a slew of the lowest-mass stars, which are 
difficult to observe, so Webb can follow up to 
examine how these brown dwarfs form. Hubble 
is taking ultraviolet spectroscopic measure-
ments of nearby galaxies to learn about their 
histories, shapes, masses, and compositions—
and provide a key for Webb’s interpretation 
of future infrared results of highly redshifted 
ultraviolet light from galaxies in the early 
universe.

By calling for and making these complementary 
observations, as well as preparing for work-
shops to help prepare astronomers in 2020, 
Hubble is not only releasing its own discover-
ies, but also helping to maximize the scientific 
gains Webb will have during its mission.

Maintaining an Extraordinary 
Telescope
Hubble is a scientific workhorse partially because 
it has four diverse, currently active science instru-
ments. Strengthening and lengthening the life-
time of its Cosmic Origins Spectrograph, which 
gathers and spreads ultraviolet light through 
spectroscopy, was a focus in 2019.

The explosion may have happened hundreds of years ago, but 
astronomers are continuing to learn about Eta Carinae, a two-
star system that has erupted repeatedly. In 2019, researchers 
used Hubble to examine it in ultraviolet light, mapping the 
glow of magnesium embedded in warm gas—and learning 
more about how the eruptions began. The ultraviolet light 
Hubble detected represents the fast and energetic ejection of 
material that may have been expelled by the star shortly before 
the expulsion of the bipolar bubbles.

An Ultraviolet
Library of
Stellar Evolution

Ultraviolet light provides a 
unique opportunity to study 
how stars grow and shape 
material around them. Since 
Hubble is uniquely capable 
of gathering these data, 
the director of the institute 
approved 1,000 orbits for the 
Ultraviolet Legacy Library 
of Young Stars as Essential 
Standards (ULLYSES) in 
2019. The three-year program 
will create a spectroscopic 
library of young high- and 
low-mass stars in the local 
universe. The design and 
targets of these observations 
were selected in partner-
ship with the astronomical 
community and the data will 
be released with advanced 
search and visualization 
packages, making research 
quicker and much more 
immediately meaningful.
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Receiving Distinguished 
Honors

This instrument requires regular updates to 
its settings to ensure it is observing within a 
pristine region of the detector. However, after 
Hubble’s Ultraviolet Legacy Library of Young 
Stars as Essential Standards (ULLYSES) pro-
gram was approved (learn more on page 27), the 
forecast for the next update was estimated to be 
needed much sooner than initially planned for 
the instrument’s far-ultraviolet channel. 

Staff recognized the challenge and immediately 
set to work to plan the use of the detector’s next 
lifetime position. As a result, observations may 
be made with not one, but two settings begin-
ning in 2020, helping to extend the spectro-
graph’s lifetime performance to 2025. 

The staff members who support Hubble were 
equally attentive to its other instruments, 
including the Advanced Camera for Surveys, 
Wide Field Camera 3, and the Space Telescope 
Imaging Spectrograph, as well as the telescope’s 
gyroscopes and other components, making 
updates to overcome four minor anomalies and 
return Hubble to science in mere hours, faster 
than previously possible.

Hubble, which has likely exceeded every ex-
pectation held by scientists when it launched, 
was recognized by NASA in its 2019 Senior 
Review of Operating Missions as a top-rated 
Tier 1 observatory along with NASA’s Chandra 
X-ray Observatory. It was awarded this status 
in part for the high publication and citation 
rates of its data. In 2019, Hubble’s new and 
archival data were used in over 1,000 peer-re-
viewed papers in scientific journals—totaling 
more than 17,000 to date.

The demand for time to observe with Hubble 
is stronger than ever. This year, investigators 
from more than 40 countries requested what 
amounted to more than 24,000 orbits. The 
director approved over 2,700 orbits for more 
than 180 proposals. Hubble’s scientific produc-
tivity, which is expected to continue to climb 
in the coming years, will also amplify the out-
put of myriad facilities in the next decade.

The universe is getting bigger every second: The space be-
tween galaxies is stretching, like dough rising in the oven. How 
fast is the universe expanding? Astronomers using Hubble’s 
extraordinary resolution are regularly refining the estimate. 
Flip to page 48 to learn more.

NASA Adopts Proposal Anonymity
In 2018, the staff at the institute launched an initiative to minimize uncon-
scious bias in how requests to observe with Hubble are selected by estab-
lishing a dual-anonymous proposal process. Telescope time applications 
are now judged solely by scientific merit, since details about the applicants 
are initially withheld from the reviewers.

NASA announced in 2019 that it plans to adopt our approach for several of 
its observatories’ upcoming proposal reviews, including the Chandra X-ray 
Observatory, Fermi Gamma-ray Space Telescope, NICER, NuSTAR, the Neil 
Gehrels Swift Observatory, and the Transiting Exoplanet Survey Satellite 
(TESS), with the goal of ensuring more equity in the field of astrophysics.
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Advancing  
Scientific Research
Researchers, technical staff, and  

engineers at the institute published more 
than 450 peer-reviewed articles in 2019. Their 
work, which analyzed and combined data from 

space- and ground-based observatories,  
addressed a variety of subjects on all 
scales, as fine as dust and as large as 

the structure of the  
universe.

Active galactic nuclei and quasars Cosmology

Exoplanets

Galaxy formation and evolution

Instrumentation

Interstellar medium

Solar System

Stars and planet formation

Stellar astrophysics

Stellar populations

> 50
> 40
> 30
> 20
> 10

Numeric values are approximate because there is some overlap.

> 100
> 90
> 80
> 70
> 60
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Manipulating 
Starlight
STScI’s Russell B. Makidon Optics Laboratory continues to advance 
state-of-the-art tools for future flagship missions.

h ow do we realize an ambitious concept: 
A space telescope with the power to image 
and characterize dozens of faint, poten-
tially Earth-like planets outside our solar 
system? A telescope that can detect signs 
of life on an exoplanet orbiting a star more 
than 100 light-years away? A telescope 
designed to address the question: How 
common is life beyond the Solar System?
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Capturing Light from 
Distant Planets
The high-contrast, high-resolution imaging 
needed to search for life outside our solar system 
involves meeting the seemingly contradictory 
requirements of gathering light from the planet 
while blocking light from the star. Collecting and 
analyzing starlight that reflects off the planet’s 
surface requires a mirror large enough to detect 
the extremely faint illumination of a small, dis-
tant planet, along with a coronagraph designed 
precisely enough to block 99.99999999 percent 
of the otherwise overwhelming light from the 
star—without also blocking the planet.

A mirror large enough for the job needs to be 
segmented to fold up and fit inside a launch vehi-
cle. This makes the problem of blocking starlight 
more challenging. While the basic component 
of a coronagraph is very simple in concept—an 
opaque disk that prevents light from reaching 
the detectors—the full assembly is actually quite 
complicated, because light is diffracted and dis-
torted by different components of the telescope. 
The more complex the mirror, the more difficult 
it is to cleanly block the starlight. 

Addressing Complex 
Challenges
Since 2013, the institute’s Optics Lab has been at 
the forefront of advancing technologies for future 
generations of segmented space telescopes, 

in particular in the areas of optical mirror 
alignment, wavefront sensing and control, 
and coronagraphy needed to capture images 
of distant worlds. Staff carry out research and 
development of hardware and software by us-
ing a combination of simulations and physical 
experimental setups, including the High-Con-
trast Imager for Complex Aperture Telescopes 
(HiCAT) testbed.

In 2019, our staff continued to make important 
strides in high-contrast coronagraphy using 
HiCAT. Between 2018 and 2019, researchers 
were able to increase the level of starlight 
suppression enabled by the coronagraph from 
10-6 (blocking all but 1 part in one million) to 
10-7 (1 in 10 million), approaching the 10-8 level 
that the team believes is possible on the HiCAT 
testbed. To get a sense of this level of light sup-
pression, think about a firefly circling a bright 
lighthouse. A coronagraph designed to reveal 
distant exoplanets could block the light from 
the lighthouse effectively enough to see the 
firefly—from a distance of 1,000 miles.

Building on a major accomplishment of 2018, 
the lab also succeeded in expanding the area of 
light suppression around the simulated star to a 
full 360 degrees for a segmented aperture. This 
so-called dark zone, which researchers suc-
ceeded in producing on one side of the image 
in 2018, now circles the entire star, effectively 
doubling the detection area and significantly 
expanding a future telescope’s planet-hunting 
capability. 

With these advances—achieved through a 
combination of improvements to hardware and 
software used to sense and correct for light 
distortions, and improvements to modelling 
and simulations used to analyze and explain 
results—the coronagraph system is on track 
to reach Technology Readiness Level 4 at the 
component level by mid-2020. This is the first 
of three milestones in the lab’s three-year 
program to advance high-performance corona-
graph systems technology readiness levels for 
direct imaging of exoplanets using segmented 
telescopes—a crucial step in answering the 
question: Are we alone?  

As anyone in STScI’s Russell B. Makidon Optics 
Lab will tell you, when it comes to designing 
groundbreaking technologies for transformational 
science, the path from vision to reality involves 
methodical, step-by-step development, building 
on existing knowledge and technology, continu-
ous refinement, and close collaborations. In 2019, 
researchers in the Optics Lab made significant ad-
vances in the hardware and software used to ma-
nipulate starlight that illuminates distant worlds.

STScI’s Makidon Optics Laboratory is home to 
three optical experimental setups: the High-Con-
trast Imaging Testbed (HiCAT), the James Webb 
Space Telescope Optical Simulation Testbed 
(JOST), and the Space Telescope Ultraviolet Fa-
cility (STUF). The space is temperature, humidity 
and pressure controlled, and includes a vibration 
isolation pad. The Optics Lab team collaborates 
with the Johns Hopkins University’s Department 
of Mechanical Engineering; ONERA (the French 
Aerospace Lab); Laboratoire d’Astrophysique de 
Marseille in France; the University of Roches-
ter in New York; Observatoire de la Côte d’Azur 
in France; Princeton University in New Jersey; 
Leiden University in the Netherlands; NASA’s 
Goddard Space Flight Center in Maryland; 
NASA’s Exoplanet Exploration Program at 
the Jet Propulsion Lab in California; 
and Ball Aerospace in Colorado.

Ongoing Collaborations 
and Partnerships
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The final output of the HiCAT is a processed image showing the 
effects of the coronagraph system on starlight. A coronagraph 
system is deemed successful when it can thoroughly block the 
light of a star, creating a dark zone large and dark enough to 
reveal orbiting planets. In 2019, researchers were able to sig-
nificantly increase both the contrast and area of the dark zone.

Testbed Demonstrations
In January 2019, a simplified 
tabletop model of HiCAT, affec-
tionately known as BabyCAT, 
debuted at the 233rd meeting 
of the American Astronomical 
Society. BabyCAT was de-
signed to explain high-contrast 
imaging and coronagraphy, 
demonstrate the experimental 
setup, and communicate the 
importance of this type of 
research and development to 
the astronomical community. 
BabyCAT has proven so useful 
that JPL commissioned its own 
version, which was delivered 
in December. In the summer of 
2019, BabyCAT was the focus of a joint project between the Optics Lab and STScI’s Office of Public Outreach un-

dertaken by an intern in STScI’s Space Astronomy Summer Program. The intern worked with optics research-
ers, outreach scientists, and educators to successfully design an even simpler model and explanation of 

coronagraphy for the public.

An apodizer is a component 
of the coronagraph that helps 
cancel out distortions caused 
by the shape of the telescope 
opening and the mask that 
blocks the star’s light. In 2019, 
important incremental im-
provements were made in both 
design and manufacturing.

Learn more about NGC 3147 
on page 49.
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Making Big Data 
Collaborative
and Accessible
The Mikulski Archive for Space Telescopes continues to develop as a 
place of active research and collaboration.

t he discovery of planets outside the Solar System opened 
up new fields of astronomy and planetary research—
and new opportunities for space buffs to get involved. 
Citizen scientists are crucial in helping to analyze the 
huge amounts of data coming in to the Barbara A. Mi-
kulski Archive for Space Telescopes (MAST), especially 
from survey missions like NASA’s Transiting Exoplanet 
Survey Satellite (TESS), which collected 20 terabytes of 
data in its first year—the equivalent of streaming nearly 
6,000 high-definition movies.
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In 2019, MAST partnered with Planet Hunt-
ers TESS, the volunteer-powered Zooniverse 
project to develop a new service that helps users 
analyze TESS data for patterns that a computer 
algorithm might miss. The new MAST service—
Planet Hunters Analysis Database (PHAD)—re-
ceives data in real time from the Planet Hunters 
project, as citizen scientists analyze TESS data 
and potential new exoplanet transits are dis-
covered. Results from multiple citizen scientists Collaboration and Discovery

Astronomers accessing data through MAST also 
contribute their own data by way of high-level 
science products—new ways of working with data 
or products of data that can be used to further 
other research. For example, in September 2019 a 
group of astronomers working in Greece, Spain, 
and the United States published the Hubble Cat-
alog of Variables on MAST, the deepest catalog 
of variable stars, which are stars that change in 
brightness. 

The Hubble Catalog of Variables spans up to 15 
years of observation time. The catalog will be 
valuable to future astronomers as a complement 
to their data (i.e., what is the source of the X-ray 
emission at the center of this cluster?) and an aid 
in planning future telescope observations.  

Innovation and Accessibility
MAST is a huge part of the institute’s mission 
of making astronomical data accessible to all. In 
2019 that included the biggest astronomical data 
release ever—from Pan-STARRS, the world’s 
largest digital sky survey. More than 1.6 peta-
bytes of Pan-STARRS data were made publicly 
available, 15 times the volume of the Library of 
Congress, containing precision measurements 
of billions of stars and galaxies, full of future 
discoveries waiting to be made.

MAST doesn’t only provide open access to its 
collections, it also facilitates their use through 
instructional workshops. In 2019, MAST helped 
provide separate workshops onsite at the in-
stitute for making use of data from TESS and 
many other observatories, including those that 

are combined to strengthen the evidence for a 
potential new planet discovery. 

Professional astronomers can also access PHAD 
and follow up on the citizen scientist research. 
On the PHAD website, MAST asks that the 
Planet Hunters team and citizen scientist vol-
unteers are credited. Innovative collaborations 
like PHAD will pave the way for the future of 
big data astronomy and scientific use of archives 

Fifteen of the 265,000 galaxies captured in the Hubble Legacy Field released by STScI in May 2019 are shown 
in close-up. The Legacy Field compiles 16 years of Hubble deep-sky observations in the largest and most 
comprehensive “history book” of galaxies ever in a single image. Hubble looked back across space and time: 
The galaxies pictured range from 550 million years ago to 13 billion years ago. 

like MAST. The data will only continue to get 
bigger, with future large-scale survey missions 
like NASA’s Wide Field Infrared Survey Tele-
scope (WFIRST) expected to bring in four peta-
bytes per year, most of which will be accessed 
first through MAST. 

observe light, gravitational waves, and particles 
from space. 

Workshop participants were able to use program-
mable notebooks that were hosted online, so 
they could access data and programs remotely. 
This helped lower the barrier for entry by putting 
fewer constraints on astronomers’ equipment. 
Through efforts like these, MAST is enabling 
future discoveries—more and more of which will 
be happening within the huge data sets of its 
archive. 

This mosaic of the southern sky was assembled 
from 13 images taken by NASA’s Transiting Exo-
planet Survey Satellite (TESS) during its first year 
of science operations, completed in July 2019. All 
of the TESS data are available in MAST.



FLIGHT CONTROL ROOM
Engineers in the Flight Control Room are responsible for monitoring various systems on the observatory, communicating problems to specialists in the 
Back Room, and transmitting operational commands to the observatory.

SIMULATED OBSERVATORY
During rehearsals, a mix of hardware and software simulates the 
observatory and its subsystems. The simulator transmits realistic 
telemetry data to allow the Flight Operations Team to practice 
monitoring the spacecraft’s position, motion, orientation, temperature, 
power, and other operational parameters. The simulator receives and 
responds to commands from the team as the observatory would during 
launch and commissioning.

FRONT ROW
Engineers on the Front Row 

monitor the general health and 
safety of the spacecraft and 

execute all commands.

BACK ROW
Engineers in the back row 
lead and manage mission 

operations. 

BACK ROOM
Teams of Flight Systems Engineers from Northrop Grumman, NASA, STScI, as well as various academic, industrial, and international partners analyze 
and solve issues that arise in the power, control, software, scientific instrument, and other subsystems of the observatory. After receiving an anomaly 
alert via the Flight Control Room, engineers determine the cause of the problem, design a solution, and deliver instructions to be implemented by the 
controllers—just as they will once the observatory is in flight.

REHEARSAL ANOMALY TEAM
To train the flight operations team to successfully identify and resolve unexpected problems, the Rehearsal Anomaly Team from Northrup 
Grumman simulates a variety of anomalies that could occur during commissioning. From cruise ships entering the launch zone or fire evacuations 
within the building to antenna-pointing errors or temperature irregularities, anomaly scenarios provide the flight operations team with essential
practice recognizing and characterizing issues, and then communicating effectively to continue operations. 

BACKUP MISSION OPERATIONS CENTER
A backup team of flight control engineers is on hand at NASA’s Goddard Space Flight Center. In the event of a control center anomaly, such as an 
evacuation or loss of power, this team will take over operations. Control is passed back to the institute’s Mission Operations Center when the required 
systems and personnel are back online.

MISSION PLANNING
Mission Planners schedule contacts between the observatory, flight controllers, and the Deep 
Space Network; assist with the commissioning timeline; and design rehearsal scripts.

The Operations Controller monitors telemetry, reports issues to the 
Mission Operations Manager, and directs the operations of the 
Command Controller and Ground Systems Engineer.

The Ground Systems Engineer monitors connections to the Deep 
Space Network, verifies file transfers of scheduled command files, 
and ensures the link to the spacecraft.

The Command Controller monitors telemetry, reports issues to the 
Operations Controller, uploads scheduled command files, and sends 
individual commands to the observatory.

Mission Operations Managers facilitate and oversee all operations 
for Webb, and serve as the decision authority for planning and 
operations on behalf of the observatory.

The NASA Project Manager is responsible for major Go/No-Go 
decisions, and makes the final decisions for anomaly resolution. 

SIMULATED DEEP SPACE NETWORK
After launch, the Flight Operations Team will communicate with Webb 
via the Deep Space Network, a global network of ground-based radio 
transmitters and receivers. During Early Commissioning Exercises before 
launch, these communications are simulated.

When needed, a Subject Matter Expert for a particular subsystem 
may be called to oversee specific critical operations.

REHEARSING FOR LAUNCH
The Flight Operations Team has been preparing to fly the James Webb Space Telescope for several years now. Regular rehearsals, conducted in 
partnership with NASA and our mission partners, enable the team to practice routine and scheduled operations, such as monitoring systems 
and making course corrections. Rehearsals also provide essential experience analyzing and responding to possible anomalies: unexpected 
events on the observatory or on the ground that could disrupt operations. With every rehearsal, there are consistent outcomes: the team’s 
communication and performance improve, ensuring that when commissioning begins, they are fully prepared for operations. Explore Webb’s 
Mission Operations Center to learn how our engineers collaborate in preparation for launch. 

MIDDLE ROW
Flight system engineers 
who typically work in the 

Back Room may operate in 
the middle row of the Flight 

Control Room during 
critical operations.
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Hubble in the 
News
An interstellar comet, a black hole, and a ‘heavy metal’ exoplanet 
made headlines in 2019.

ASA’s Hubble Space Telescope, which has 
made almost 1.5 million observations of 
over 46,000 astronomical objects since 
its 1990 launch, continues to upend our 
understanding of the universe. Read the 
top news stories released in 2019.n
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Hubble observations revealed magnesium and 
iron gas streaming from WASP-121b, a planet 
that resides about 900 light-years from Earth. 
The observations represent the first time that 
so-called heavy metals—elements heavier 
than hydrogen and helium—have been spotted 
escaping from a hot Jupiter, a large, gaseous 
exoplanet very close to its star.

The intense radiation heats the planet’s upper 
atmosphere to a blazing 4,600 degrees Fahr-
enheit. Apparently, the lower atmosphere is 
still so hot that iron and magnesium remain in 
gaseous form and stream to the upper atmo-

sphere, where they escape into space on 
the coattails of hydrogen and helium gas. 
Normally, hot Jupiter-sized planets are 
still cool enough inside to condense heavi-
er elements such as magnesium and iron 
into clouds. 

The sizzling planet is so close to its star 
that it is on the cusp of being ripped apart 
by the star’s gravity. Its tight orbit around 
the star means that the planet is probably 
football-shaped due to gravitational tidal 
forces.

This year, an object called comet 2I/Borisov was detected falling past our sun by a Crimean amateur 
astronomer. It is only the second known object to enter our solar system coming from elsewhere in 
our Milky Way galaxy, based on its speed and trajectory. Hubble took a series of snapshots as the 

comet streaked along at 110,000 miles per 
hour, revealing a central concentration of 
dust around an unseen nucleus. The comet 
was 260 million miles from Earth when 
Hubble took the photo.

Comet 2I/Borisov looks a lot like the tradi-
tional comets found inside our solar system, 
which sublimate ices and cast off dust as 
they are warmed by the Sun. The wander-
ing comet provides invaluable clues to the 
chemical composition, structure, and dust 
characteristics of planetary building blocks 
presumably forged in an alien star system. 
By the middle of 2020, the comet will streak 
past Jupiter’s distance of 500 million miles 
on its way back into interstellar space where 
it will drift for untold millions of years be-
fore skirting close to another star system. UNCOVER ING

A  ‘HEAVY  METAL’  EXOPLANET

F I R S T  C O N F I R M E D
I N T E R S T E L L A R  C O M E T
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Astronomers using Hubble have found an un-
expected thin disk of material furiously whirl-
ing around a supermassive black hole at the 
heart of spiral galaxy NGC 3147. Based on cur-
rent astronomical theories, the disk shouldn’t 
be there: Models predict that an accretion disk 
forms when ample amounts of gas are trapped 
by a black hole’s strong gravitational pull. This 
infalling matter emits lots of light, producing 
a brilliant beacon called a quasar in the case of 
the most well-fed black holes. It is theorized 

MYSTERY  OF  THE  UN IVERSE ’S  EXPANSION  RATE
WIDENS  WITH  TWO NEW HUBBLE  DATA  SETS

IDENT IFY ING  A  BLACK  HOLE  D ISK  THAT 
SHOULDN’T  EX IST

that once less material is pulled into the disk, 
it begins to break down, becomes fainter, and 
changes structure. Through the observations of 
NGC 3147, researchers found instead gas in mo-
tion producing features that can be explained 
only as being produced by material rotating in a 
thin disk very close to the black hole. The team 
hopes to use Hubble to hunt for other very com-
pact disks around “low-wattage” black holes in 
similar active galaxies to learn more about the 
mechanics at work.

The expansion rate of the universe, 
called the Hubble constant after its 
discoverer Edwin Hubble, is a long- 
sought value because it yields clues to 
the origin, age, evolution, and future 
fate of our universe. For decades, 
astronomers have worked to pre-
cisely measure the Hubble constant. 

Before the Hubble Space Telescope was 
launched in 1990, the universe’s age was 
thought to lie between 10 and 20 billion 
years, based on different estimates of the 
Hubble constant. Not long after Hubble’s 
launch, astronomers greatly refined the 
Hubble constant value to a precision of 
10 percent. This was possible because 

the Hubble telescope excels at finding and mea-
suring variable stars as milepost markers.

This spring, astronomers using new Hubble mea-
surements of stars that pulse at regular cycles 
reduced the uncertainty in their Hubble constant 
value to 2.4 percent, bringing the estimate to 
74 kilometers per second per megaparsec. The 
ultimate goal is to refine measurements to 1 
percent accuracy. However, their data remain at 

odds with the value derived from observations 
of light from the early universe’s expansion 
known as the Cosmic Microwave Background, 
collected by the European Space Agency’s 
Planck satellite, which predicts the Hubble 
constant to be 67 kilometers per second per 
megaparsec. This discrepancy suggests that 
there may be unknown underlying physics in 
the properties of the universe.
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Images from Hubble show two narrow, 
comet-like tails of dusty debris streaming 
from the asteroid (6478) Gault. Each tail 
represents an episode in which the asteroid 
gently shed its material—evidence that 
Gault is beginning to come apart. Discov-
ered in 1988, the 2.5-mile-wide (4-kilo-
meter-wide) asteroid has been observed 
repeatedly, but the debris tails are the first 
evidence of disintegration. Gault is located 

ASTRONOMERS  ASSEMBLE  WIDE  V IEW
OF  THE  EVOLV ING  UN IVERSE

214 million miles (344 million kilometers) 
from the Sun. Of the roughly 800,000 
known asteroids between Mars and Jupiter, 
astronomers estimate that this type of 
event in the asteroid belt is rare, occurring 
roughly once a year. Watching an asteroid 
become unglued gives astronomers the 
opportunity to study the makeup of these 
space rocks without sending a spacecraft 
to sample them.

This image, known as the Hubble Legacy 
Field, contains roughly 265,000 galaxies 
that stretch back through 13.3 billion years, 
presenting a wide portrait of the distant 
universe. This deep-sky mosaic, created from 
nearly 7,500 individual exposures, shows how 
galaxies change over time, building them-
selves up to become the giant galaxies seen in 
the nearby universe. This image also includes 
observations taken by several Hubble deep-

field surveys, including the eXtreme Deep Field 
(XDF), the deepest view of the universe. These 
observations combine ultraviolet, visible, and 
near-infrared light, and provide high-resolution 
measurements of the galaxies, which will enable 
a wide swath of extragalactic study. The Hubble 
Legacy Field, along with the individual expo-
sures that make up the new view, is available 
through STScI’s Mikulski Archive for Space 
Telescopes (MAST).

A SPUN-UP  ASTERO ID  COMES  APART

Follow Along All Year
HubbleSite.org/news/news-releases

Download images, watch videos, and read the latest 
full news releases:



52 53SPACE TELESCOPE SCIENCE INSTITUTEEXPANDING THE FRONTIERS OF SPACE ASTRONOMY

T INY  NEPTUNE  MOON  MAY  HAVE  BROKEN  FROM 
LARGER  MOON

Astronomers call it “the moon that 
shouldn’t be there.” After several years of 
analysis, a team of planetary scientists using 
Hubble has provided an explanation for 
a moon discovered around Neptune with 
Hubble in 2013. The tiny moon, named Hip-
pocamp, is unusually close to a much larger 
Neptunian moon called Proteus. Normally, 
a moon like Proteus should have gravita-

PLANETS  SH INE  IN  NEW HUBBLE  IMAGES

Astronomers use Hubble annually to survey the 
major outer planets in our solar system. These 
are dynamic worlds with ever-changing turbulent 
atmospheres, some driven by seasonal changes. 

The latest view of Neptune (top left) shows 
a dark storm at top center. These storms are 
ephemeral. Three previous storms seen by Hub-
ble since the early 1990s have come and gone. 

The snapshot of Uranus (top right) reveals a vast 
bright cloud cap across its north pole. Scientists 
believe this feature is a result of Uranus’ ex-
treme tilt, which means that during the planet’s 
summer the Sun shines almost directly onto the 
north pole and never sets. 

This year’s view of Jupiter (bottom left) shows 
its trademark Great Red Spot and a more intense 
color palette in the clouds swirling in its turbu-

lent atmosphere than seen in previous years, 
important clues to ongoing processes in its 
atmosphere. 

Hubble’s latest image of Saturn (bottom right) 
shows that a large storm visible in last year’s 
image in the north polar region has vanished. 
The planet’s banded structure also reveals 
subtle color changes.

tionally swept aside or swallowed the smaller 
moon while clearing out its orbital path. So why 
does the tiny moon exist? Hippocamp is likely a 
chipped-off piece of the larger moon that result-
ed from a collision with a comet billions of years 
ago. It is only 20 miles (about 34 kilometers) 
across and 1/1000th the mass of Proteus, which 
is 260 miles (about 418 kilometers) across.
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UNCOVER ING  THE  BR IGHTEST  QUASAR
IN  THE  EARLY  UN IVERSE
Astronomers using Hubble have discovered the bright-
est object ever seen at a time when the universe was 
less than one billion years old: A quasar, the core of a 
galaxy with a supermassive black hole ravenously eating 
material surrounding it, which is 12.8 billion light-years 
away. Cataloged as J043947.08+163415.7, the quasar 
shines with light equivalent to 600 trillion Suns. An im-
mense amount of energy is emitted as its central black 

hole consumes material around it. The detection pro-
vides a rare opportunity to study a zoomed-in image 
of how such black holes accompanied star formation 
in the very early universe and influenced the assem-
bly of galaxies. This quasar could hold the record of 
being the brightest in the early universe for some 
time, making it a unique object for follow-up studies.

Creating 
New
Avenues

Working at the intersections 
of science, training, and 
community

J

M E E T  O U R  S T A F F

ules Fowler has built their career on 
ever-evolving combinations of astron-
omy, engineering, and activism. For 
example, take their work as a software 
instructor: An invitation to support 
training at a conference led to ongoing 
work as a software instructor at the in-

stitute, where Fowler helps train hundreds of staff, 
from senior scientists to division heads, in introduc-
tory and advanced Git and Python.

This referral led to another, this time for our tech-
nical training team. “Each time I ask myself, ‘What 
would my peers want to learn in this training?’ ” they 
share.

Fowler spends most of their time in the Russell B. 
Makidon Optics Laboratory, where they write soft-
ware and implement it on hardware. They knew they 
could expand the work’s reach. “It’s cool to write an 
application and integrate it neatly into our system, 

but labs like ours use the same hardware and often the same software language,” they explain. “That’s why I am col-
laborating with our team to write an open-source software collection,” which they presented at the American Astro-
nomical Society’s conference in January 2020.

Culture, specifically inclusivity and diversity, are also very important to them. As an undergrad, Fowler became a 
bridge between the queer and physics student groups—leading them to invite speakers from one to present at the 
other. At the institute, Fowler co-leads a group with the intentionally jaunty name Space GAYs. “We strive to create 
a safe space where LGTBQ+ people at the institute can hang out,” they share. “It’s important to feel affirmed and see 
yourself reflected.”

Fowler will continue to challenge themself, both at the institute and educationally, by pursuing a PhD. “My work is very 
gratifying,” they say. “I look forward to pursuing the intersections of astronomy, optical sciences, and engineering.”
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Discovery, 
Shared
Public engagement that makes astronomy exciting, 
engaging, and relevant to a diverse audience.

t he institute’s communications and out-
reach team has shared Hubble science 
with the public for nearly 30 years, 
establishing a leading role in astrono-
my communication. While continuing 
to support the Hubble Space Telescope 
mission, our multidisciplinary team of 
scientists, educators, artists, writers, 
media specialists, and software

developers are also working to build excitement for 
future missions and support STEM learning for NASA 
Astrophysics.

Team members are already at work communicating the 
exciting science to come from the James Webb Space 
Telescope, planned to launch in 2021, and the Wide Field 
Infrared Survey Telescope (WFIRST), which will launch 
in the mid-2020s. The NASA’s Universe of Learning 
program, led by STScI, provides learners with a direct 
connection to the science and the missions from across 
the NASA Astrophysics Division.
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Astronomy and Art

New Era for ViewSpace
Long a premiere product of the communica-
tions and outreach team, ViewSpace offers 

Hubble images processed by the imaging team 
at the institute have inspired artists worldwide 
for almost three decades. In January 2019, 
communications and outreach team members 
were proud to co-host the West Coast premiere 
of an ambitious new artistic project at the 
annual winter meeting of the American Astro-
nomical Society: “Deep Field: The Impossible 
Magnitude of Our Universe.” The film pairs 
composer Eric Whitacre’s original, Hubble-in-
spired symphony with 11 high-resolution 
scientific visualizations developed by the team 
of specialists at STScI. During this evening of 
symphonic and cinematic astronomy, the film 
and six other music and science collaborations 
enthralled an audience of researchers as well as 
the public. The best part? The film is now pub-
licly available on HubbleSite.org and YouTube.

hundreds of videos about NASA astrophysics 
science, as part of the NASA’s Universe of 
Learning informal education offerings, as 
well as covering Earth science topics. This 
year marked the launch of a new set of inter-
actives that allow ViewSpace users to easily 
engage with the content by sliding their way 
through time, wavelengths of light, and spec-
tra—and cover the breadth of astrophysics. 
The team will continue to add to the popular 
interactives in 2020.  

ViewSpace videos also became easier to play 
in 2019, as the entire library became available 
online at ViewSpace.org. Previously only 
accessible at a participating science center or 
museum, anyone with access to the inter-
net can now explore the ViewSpace video 
library at their own pace. The library includes 
updated news videos (about 50 through-
out the course of the year), fresh looks for 
some classic ViewSpace segments like “In a 
Different Light” and “Myth vs Reality,” plus 
new segments to explore, like “What in the 
Universe?” and “Earth in the News.”

The communications and outreach team released this unprece-
dentedly detailed image of the Triangulum Galaxy (M33) at the 2019 
Winter American Astronomical Society Meeting. The announcement 
and distribution of the image marked the 1,000th press release from 
the Hubble news center at STScI. Triangulum is a neighbor to our 
Milky Way galaxy in the collection of dozens of galaxies called the 
Local Group. Its proximity and the face-on orientation of its spiral (as 
opposed to our other massive spiral neighbor, Andromeda) make 
Triangulum an ideal subject for scientific comparison and contrast 
with our own galaxy—an opportunity to learn what is common and 
what is unique about where we find ourselves in the universe.

The new interactive features on 
ViewSpace.org include a slide bar, 
optional labels, and links to related 
resources for deeper exploration.
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In Our Community

T

Building
a Network
of Support

Supporting colleagues and 
giving back to the community

he street is bustling with activity: Contrac-
tors have unloaded their equipment and 
begun repairing homes on a block in down-
town Baltimore—and Rickell Sheppard is 
on the sidewalk, fielding questions from 
homeowners and contractors alike to en-
sure they have support they need, as a vol-
unteer for Rebuilding Together Baltimore.

This scene is a great representation of her approach to life and 
work: She is present and ready to connect to build positive, 
meaningful relationships. Sheppard joined the institute in 2008 
as an intern and quickly became a full-time employee, transi-
tioning from an office clerk to a senior administrative assistant. 

In her current role as a senior human resources assistant, she is, 
in essence, a super-connector for employees. “Colleagues—new 
and old—regularly reach out to ask me questions,” she shares. In 
turn, Sheppard uses her network to provide responses.

Like the rest of our HR team, she also strives to provide new, meaningful wellness opportunities to staff. This year, after 
seeing a meditation van at a workshop, she had an aha moment. “I knew it would be a great fit for our employees,” Shep-
pard says. The van offered guided or unguided sessions, and each pod provided headphones and a weighted blanket.

“We received a lot of positive comments following the fair,” she continues. “People felt rested and relaxed before 
returning to work.” She sees her life and work as a circle: Sheppard gives back to both her community and colleagues, 
while receiving the same benefits and support that allow her to be a good colleague, mother, and student.

M E E T  O U R  S T A F F

Hubble’s 29th anniversary image release included visual representations of spectroscopy, which is hugely 
important to astronomy but can be difficult to communicate. The image above shows how much information 
light can carry, telling scientists which elements are present in the Southern Crab Nebula and offering clues 

to the larger mysteries of how the universe works.

STScI is proud to call Baltimore, Maryland, 
home, and the communications and outreach 
team makes use of local opportunities to conduct 
in-person outreach. Among the many outreach 
events we participated in last year was the 13th 
annual Girl Power STEM event held at the Johns 
Hopkins University Applied Physics Laboratory 
in March. Over 1,000 elementary and middle 
school girls who attended with their family mem-
bers learned about careers in science, technology, 
engineering, and math. STScI team members 
used interactive demonstrations to show how 
astronomers analyze light and use it to study 
cosmic objects.

In September, members of our outreach team 
attended the NASA Minority University Research 
and Education Project STEM Day Extravaganza 
held at Morgan State University. Several hundred 
people attended the family event, which focused 
on STEM engagement with youth. Our team 
members demonstrated an infrared camera, 

led hands-on activities with light filters, and 
discussed various opportunities for a career in 
STEM.

Whether in the community, online, in a museum, 
or in the news, our communications and outreach 
team meets people where they are and shares the 
wonders of the universe. Through our innovative 
products and activities, people of all ages are en-
gaged to discover astronomy for themselves. 

Want to learn more about what we do? Read more profiles about our colleagues:
www.stsci.edu/opportunities/meet-our-staff
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Each of us has a responsibility to help create safer 
environments for the people around us.

magine you’re on public transportation 
attempting to unwind when you overhear 
a conversation by fellow passengers. A 
middle-aged man is addressing a younger 
woman, his face red and his volume rising 
with each sentence. What should you do?i

Ourselves
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It’s easy to identify reasons not to react: No one 
else is. You could make things worse. It’s not your 
problem. Resist these impulses—don’t allow the 
“bystander effect” to take over. We are all respon-
sible for ensuring public spaces remain safer for 
everyone.

Though in a situation like this your heart rate 
may skyrocket, now is a good time to intervene 
and there are many approaches you can take. If 
you feel comfortable, interject to ask the woman 
if she knows what the next stop is—or any other 
innocuous question that makes sense to ask to 
interrupt their exchange. 

Or, look around to make eye contact with other 
passengers and nonverbally or verbally invite 
them to join you in diffusing the situation. If you 
see a staff member, ask them to help. If the situ-
ation ends quickly, address the person who was 
confronted to ask if they are okay. 

Although there’s no perfect response to any type 
of harassment, it is important to acknowledge 
the person being targeted and offer support. Each 
effort helps make public places safer for everyone.

Shawna Potter, the author of Making Spaces Safer 
(AK Press, 2019), uses methods and examples 
like these when leading bystander intervention 
workshops at the institute’s offices through the 
Hollaback! Baltimore chapter. In the book, she 
cites a 2012 Cornell University study that found 
that when bystanders took action, harassment 
was more likely to stop, and that effective inter-

STScI’s Diversity and Inclusion Statement
We embrace inclusion in our bold pursuit to help humanity explore the universe. We value 
and rely on the contributions from a diverse workforce and community. We respect and 
celebrate the attributes, identities, beliefs, expertise, and perspectives that make each 
individual uniquely who they are. We believe at our core that these differences enable 
excellence and promote our collective success. We take actions to make our aspirations 
for a truly representative workforce a reality.

ventions could be as simple as a knowing look 
or a supportive statement. “All those ‘minor’ 
instances of harassment can feel pretty major 
until they are over,” she shares. 

This also illustrates why the institute provides 
comprehensive training to employees and 
extends opportunities to the astronomical 
community. In October, the institute held the 
Inclusive Astronomy 2 conference, welcoming 
approximately 150 attendees invested in diver-
sity and equity efforts from around the world 
to discuss how to help institutions improve 
inclusion within the field. Talks focused on 
actionable strategies that can be used to create 
inclusive environments, remove obstacles, 
increase equitable involvement in astronomy, 
and set the stage for the Astro2020 recommen-
dations on the state of the profession.

The institute also has active, employee-led 
diversity initiatives. Our staff members are 
empowered to act as advocates for diversity, 
inclusion, and equity.

Interested in collaborating to share 
resources or request support?

Are you in the Maryland area? The institute’s STEM Development Program 
supports and hosts local high school or college students seeking science, 
technology, engineering, and mathematics experiences throughout the year. 
Opportunities include job shadowing, internships, and mentorships. Connect 
with us to learn more about the program:

STScI.service-now.com/STEM

The Ds of Bystander 
Intervention

Start a conversation with the target or find another way to draw attention away from them. 
Ask them for directions or the time, or drop something.

Find someone in a position of authority—like a bus driver, flight attendant, security guard, 
teacher, or store manager—and ask them for help. Check in with the person being harassed. 
You can ask them if they want you to call the police.

You can also talk to the person being harassed about what’s going on. Ask: “Are you okay? 
Should I get help? Should we get out of here?”

You can also say: “Can I sit with you? Can I accompany you somewhere? What do you need?”

Email the details to the STScI Invision 
Working Group: Invision@STScI.edu

Distract: Take an indirect approach to de-escalate the situation.

CONNECT WITH US!

BECOME A
MENTOR

Delegate: Get help from someone else.

Direct: Assess your safety first. Speak up about the 
harassment. Be firm and clear.

Delay: After the incident is over, check in with the person 
who was harassed.

D
D
D
D
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245
Number of science centers, museums, libraries, 

and other informal learning venues across the U.S. 
that integrate ViewSpace videos and interactives 

into their programming.

THE FIRST
MICROSHUTTER

ARRAY
IN SPACE

Will be on board Webb and include 248,000 
individual shutters that enable the capture of 

more than 100 spectra simultaneously!

99.99999999%
The amount of light it is necessary to block for a coronagraph to see 
an Earth-like planet orbiting a distant star. Turn to page 32 for details.

1,475
Speed relative to Hubble 

that WFIRST could complete 
a high-resolution infrared 
survey of the Andromeda 
galaxy. Learn more about 
this mission on page 6.

times faster

The moon 
that 

“shouldn’t 
be there”
Hippocamp is likely a 
chipped-off piece of

Proteus, a larger Neptunian 
moon that resulted from a 

collision with a comet billions 
of years ago.

A 2013 NASA report
envisioned some of the 

ambitious flagship missions 
that are being considered 
for the Astro2020 review. 
Turn to page 12 to learn 
how new missions are

selected every 10 years.

“While future plans 
are necessarily
built on current 
knowledge, the 
most important
results to come 

from these
missions are likely 

beyond the edge of 
present

imagination.”

HUBBLE PUBLICATIONS SINCE LAUNCHSTScI SNAPSHOT

In 2019, the Mikulski Archive 
for Space Telescopes
partnered with Planet

Hunters TESS to make data 
available instantly via the 
Planet Hunters Analysis 

Database, where researchers 
can follow up on the citizen 

scientist research.

Planet
Hunters
Unite!

Since 1990, Hubble has completed more than 
163,000 trips around the Earth, capturing data about 
a range of objects—from comets in our solar system 

to the most distant galaxies. In 2019, researchers 
published more than 1,000 peer-reviewed articles 

based on Hubble data—a new record.

 1.4> million
observations

number of publications

1 700+

1991–present
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BY THE NUMBERS

Inside back cover: Arp-Madore 2026-424

Back cover: Globular star cluster NGC 1466
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