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Emerging Technologies: Bringing the James Webb Space Telescope
to the World
Like the rest of the Institute, excitement is building in
the Office of Public Outreach (OPO) as the clock

winds down for the launch of the James Webb Space

Telescope. Our task is translating and sharing this

excitement over groundbreaking engineering—and the
scientific discoveries to come—with the public.

Webb @ STScI
In the lead-up to Webb’s launch in Spring 2019, the
Institute continues its work as the science and

operations center for the mission. The Institute has
played a critical role in a number of recent Webb
mission milestones.

Updates on Hubble Operation at the Institute
Observations with the Hubble Space Telescope continue to be
in great demand. This article discusses Cycle 24 observing
programs and scheduling efficiency, maintaining COS

productivity into the next decade, keeping Hubble operations

smooth and efficient, and ensuring the freshness of Hubble
archive data.

Hubble Cycle 25 Proposal Selection
Hubble is in high demand and continues to add to our

understanding of the universe. The peer-review proposal

selection process plays a fundamental role in establishing a

merit-based science program, and that is only possible thanks
to the work and integrity of all the Time Allocation

Committee (TAC) and review panel members, and the

external reviewers. We present here the highlights of the
Cycle 25 selection process.

Using Gravity to Measure the Mass of a Star
In a reprise of the famous 1919 solar eclipse

experiment that confirmed Einstein's general relativity,
the nearby white dwarf, Stein 2051 B, passed very

close to a background star in March 2014. As Stein

2051 B passed by, the background star's position was

relativistically deflected and measured, confirming the
physics of degenerate matter and providing a new tool
for mass determinations of isolated stars.

Highlights from the Operations and Engineering Division
Many of our products and services are designed and

maintained as multi-mission products and services. This
approach provides synergy between our missions, keeps
the products and services modern, and builds upon
operational experiences.

WFIRST and the Astronomical Landscape of the 2020s
The Wide Field Infrared Survey Telescope (WFIRST)

will provide a powerful tool for exploration and
discovery. In June 2017, the Institute hosted a

workshop to explore the big questions in astrophysics

that WFIRST and other major astronomical facilities of
the 2020s might address. These facilities identified

possible opportunities for synergies over a broad range
of astrophysics.

STUC Report
The Space Telescope Users Committee (STUC), which
meets twice a year, is the primary avenue for

communication between the Hubble Space Telescope
program and the user community. This article

summarizes the main topics discussed in Fall 2016 and

Spring 2017.

Community Missions Office Update for October 2017
Through the Community Missions Office, the Institute
provides support for mission facets including data

archives, Calls for Proposals, conducting Peer Review,
observation scheduling, calibration, pipeline

processing, mission planning, and also planning for
future missions. Skills and lessons from Institute

experience operating Hubble are applied to develop
Webb, and benefit smaller missions (e.g., Kepler,
TESS) based at other institutions. In this role, we

organize and manage the work of the engineering

branches and act as the scientific interface to the larger
project.

The LUVOIR Architecture "A" Coronagraph Instrument
In preparation for the Astro 2020 Decadal Survey,

NASA has commissioned the study of four flagship
missions spanning a wide range of observable

wavelengths, including the Large UV/Optical/Infrared
Surveyor (LUVOIR). Here we present a status update

of the coronagraph instrument for the architecture "A"
of the Large Ultra Violet Optical and near Infra Red
Surveyor.

SpecViz: A 1D Spectral Visualization Tool
SpecViz is a Python tool for visualization and analysis
of one-dimensional spectra. Created specifically for
data from the NIRSpec and MIRI instruments on
Webb, it is easy to use with spectra from other

instruments. SpecViz provides a responsive visual

environment in which users can quickly zoom in and
out of regions of a 1D spectrum and make

measurements of emission and absorption lines with
mouse clicks.

Introducing the Data Science Mission Office
The Data Science Mission Office is approaching its
first birthday. We want to take this opportunity to

introduce ourselves, our backgrounds and interests,

and some of the initial focus areas for the Institute's
newest Mission Office.

The New NASA Hubble Fellowship Program
Beginning this year, NASA combines the Einstein,

Hubble and Sagan fellowships into a new program—

the NASA Hubble Fellowship Program (NHFP). Like
the fellowships it supersedes, the NHFP will support
outstanding postdoctoral scientists to pursue
independent research in any area of NASA
Astrophysics, using theory, observation,

experimentation, or instrumental development.

The High-Contrast Imaging in Space Mini-Workshop
In November 2016, the Institute hosted a miniworkshop focused on high-contrast imaging

techniques using space-based telescopes. Topics
included discussions of high-contrast imaging

instrumentation, image post-processing techniques,
and high-contrast imaging of exoplanets and
circumstellar disks.

2017 Spring Symposium on the Lifecycle of Metals Throughout the
Universe: Celebrating 50 Years of UV Astronomy
The Institute hosted a science symposium from April
24–27, 2017 on The Lifecycle of Metals Throughout

the Universe: Celebrating 50 Years of UV Astronomy.

This event focused on understanding metal production,
transport, evolution, and distribution through the lens
of UV astronomy.

Detecting the Unexpected: Discovery in the Era of Astronomically
Big Data
Detecting the Unexpected: Discovery in the Era of

Astronomically Big Data was a workshop held at the
Institute in February 2017 aimed at discussing the
scientific challenges to enabling the process of

discovery in data sets too large to easily explore.

Science with the Hubble and James Webb Space Telescopes
Traditionally, every few years, ESA, as part of the

collaboration with NASA, organizes a high visibility
scientific conference in Europe with the goal to give

the Hubble user community an opportunity to gather,

share their latest scientific results and discuss topics of
common interest. This year, now extended to the

partnership on the James Webb Space Telescope,
Science with the Hubble and James Webb Space
Telescopes: V was held in Venice.

Spectral Diagnostics to Explore the Cosmic Dawn with JWST
The Institute hosted a science workshop entitled

Spectral Diagnostics to Explore the Cosmic Dawn
with JWST, from July 31–August 02, 2017. This
workshop brought together expert observers and
theorists to discuss the spectral diagnostics and

efficient strategies to maximize the Webb science for
exploring high-redshift galaxies.

Our Place in Space Venice and Chiavenna, Italy
The Our Place in Space exhibit, a blend of striking Hubble

images and art reflecting Hubble's influence on the public and
culture, opened in Venice, Italy in February 2017 and moved

to Chiavenna, Italy in May 2017. The exhibit has captured the
imagination of visitors and engendered much positive

commentary by the press and social media. Several notable
events were held in conjunction with the exhibit in both
locations.

Civility and a Safe Workplace: Women in Astronomy Workshop
Taking the term “Women in Astronomy” in the literal
sense, a group of multi-disciplinary, multi-faceted

professional women from Space Telescope Science
Institute—in engineering, science, outreach, and

human resources—collaborated to create and deliver a
workshop for the Women in Astronomy IV conference
in Austin, Texas in June of 2017.

STScI at the AAS 231: January 2018, Washington, D.C.
The Space Telescope Science Institute (STScI) will be at the 231st AAS meeting in Washington,
D.C. with an exhibit booth and several associated events highlighting the missions we support
for the research community. There will be technical presentations in instrument sessions, a wide
variety of science presentations, press releases, NASA Hyperwall talks, and ample time to confer
with Hubble, JWST, WFIRST, MAST, Human Resources, and other experts throughout the
meeting and in the exhibit booth.
Exhibit booth
Institute staff representing the Hubble, JWST, and WFIRST missions will be available at the
Institute booth to provide information on new developments and updated status of these
missions, and also to describe our upcoming initiatives for community user support. Institute
experts will demonstrate the Mikulski Archive for Space Telescopes (MAST) portal and the
archive capabilities, as well as new software products for data analysis.
The “Ask-an-Expert” feature will return to the Institute booth, offering one-on-one appointments
to the science-user community on topics including instrument capabilities, proposal planning
tools, pipeline products, and data analysis tools. This service will be available by signing up inperson or online.
Our interactive area this year will feature daily sessions of augmented reality, virtual reality, and
touchscreen demonstrations. Come see the full-scale JWST model out at L2, in virtual reality, or
learn about the LUVOIR mission, one of the four Decadal Survey Mission Concept Studies,
using new STScI-developed tools. There will also be mission demonstrations of support tools for
proposing and observing with Hubble, JWST, and WFIRST, in addition to opportunities to
explore the three observatories with augmented reality.
Looking to get involved, share your science, and help inspire the next generation? Come find out
ways in which you can become involved in NASA’s Universe of Learning and help us engage
learners of all ages from across the US.
JWST Town Hall
The JWST Town Hall will be your one-stop-shop for learning about the status of the mission, the
tools needed to use it, and upcoming milestones. We will update the community on the status of
the telescope, selected science programs, and the planning tools needed to prepare Cycle 1 JWST
General Observer proposals. There will be ample time for questions. Speakers include NASA
JWST Program Director Dr. Eric Smith, STScI Director Dr. Ken Sembach, JWST User
Committee (JSTUC) chair Dr. James Bullock, and a slate of Director’s Discretionary Early
Release Science (DD-ERS) program PIs. Refreshments will be provided, courtesy of Northrop
Grumman.

Inclusion Workshop
Excellence in astronomy means diversity and inclusion. Diverse and inclusive teams lead to
collective achievements that are greater and more extraordinary than the sum of their individual
contributions. Changing an institutional climate can be a daunting task, but a first step with an
extraordinary impact can be as simple as posting a code of conduct in meeting rooms. In this
workshop, we will share our own experiences in working towards a more equitable institution
and will walk you through hands-on activities and break-out sessions designed to increase
awareness of your identities and privileges, and translate that awareness into meaningful
discussions about how we can all effect change at our home institutions. No one here is an expert
on this subject, so we hope that we can all learn from each other. Registration is
complementary with your AAS meeting registration. Please make any effort to register to allow
the organizers to have a head count of the number of participants for proper planning.
Workshops, Events, And Sessions:
Format &
Location
Workshop
Potomac
Ballroom D

Press
Conference
Chesapeake
DE

Special
Session
Maryland
Ballroom C

Title & Description

Date &
Time

JWST Proposal Planning
This workshop will describe how to use the JWST proposal and Jan. 7
planning tools, with demos and hands-on sessions exploring the
tools for different observing modes and instruments.
8:30 am –
Participants will perform hands-on exercises using these tools
5:00 pm
to plan observations for selected science cases.

Press Releases
New research advancements shared daily at live press
conferences from the AAS Meeting.

Jan. 9-11
10:15 am &
2:15 pm

Astrophysics Enabled by HST’s UV Initiative
The UV Astrophysics Legacy Initiative, in place since Cycle 21,
recognizes HST’s unique UV window and encourages
Jan. 9
proposals for this finite resource. This session will highlight the
science outcomes of the UV initiative, set the landscape for
10:00 am future science at these wavelengths, and present the key role
11:30 am
UV observations will have in interpreting results from future
missions like JWST.

Workshop
National
Harbor 7

Concrete Steps to Make Your Workplace More Inclusive
We will share our own experiences in working towards a more
equitable institution and will walk you through hands-on
activities and break-out sessions designed to increase
awareness of your identities and privileges, and translate that
awareness into meaningful discussions about how we can all
effect change at our home institutions.

Learning with NASA Astrophysics: How to Get Connected
In 2015, NASA’s Science Mission Directorate selected multiple
Special
organizations to receive cooperative agreement awards aimed
Session
to collaboratively engage learners with NASA science content
and experts. Representatives from several of these awards will
Potomac 1-2 discuss how they connect scientists and engineers with their
products and programs. Come join us to find more about
NASA’s efforts and how you can be involved.

Career Fair
Maryland
Ballroom C

Town Hall
Potomac
Ballroom C

Special
Session
National
Harbor 6
Splinter
Session
Chesapeake
H

AAS Career Fair
Are you in the market for a career in astronomy? Thinking of
making a change? Would you like to mentor an early career
astronomer? Network with employers and potential employees.
Learn about the many career services offered by the AAS,
especially those offered onsite at the 231st meeting. Employers
will meet and greet with attendees.
JWST Town Hall
Mission updates and milestones from speakers including the
Webb Program Director, Chair of the User Committee, STScI
Director, and several DD-ERS PIs. Come find out the latest
mission and science updates and ask any questions you still
have about NASA’s next Great Observatory!
Exoplanet Science with WFIRST
As the next Great Observatory following JWST, WFIRST is
designed to address some of the biggest questions facing
modern astrophysics. In this session, community astronomers
will discuss WFIRST exoplanet themes and upcoming data
challenges. NASA and WFIRST science team members will
also update the community on the status of the mission and
WFIRST’s coronagraphy capabilities.
Origins Space Telescope: Face to Face Meeting
The Science and Technology Definition Team (STDT) will hold
its seventh face-to-face meeting. All meetings in this series are
open to members of the astronomical community.

Jan. 9
1:00pm –
4:00 pm

Jan. 9
2:00 pm 3:30 pm

Jan. 9
6:30 pm 8:00 pm

Jan. 9
6:30 pm 8:30 pm

Jan. 10
10:00 am –
12:00 pm

Jan. 10
1:30 am –
5:00 pm

Special
Session
Location
National 6

Splinter
Session
Chesapeake
7-8

Special
Session
National
Harbor 3

Astrophysics with WFIRST
As the next Great Observatory following JWST, WFIRST is
designed to address some of the biggest questions facing
modern astrophysics. In this session, community astronomers
will discuss WFIRST wide-field imaging capabilities for stellar,
galactic, and extragalactic astrophysics. NASA and WFIRST
science team members will also update the community on the
status of the mission and WFIRST’s Wide Field Instrument.

Jan. 10
2:00 pm –
4:00 pm

What can I do with LUVOIR?
Over the last year, the first of two LUVOIR observatories (15m diameter telescope and instrument suite) has been specified
Jan. 10
and designed. In this meeting, we’ll start by briefly introducing
you to LUVOIR’s science goals: characterizing a wide range of
2:00 pm –
exoplanets, including those that might be habitable and a broad
3:30 pm
range of additional astrophysics topics. LUVOIR is one of four
Decadal Survey Mission Concepts currently being studied in
preparation for the Astro2020 Decadal Survey.
Astronomy Visualization in Research, Outreach, and
Entertainment
Over the past few decades, as computer graphics capabilities
have grown markedly, the visualization of astronomy data has
advanced considerably. Learn the considerations, techniques
and trade secrets of depicting astronomy data, images, and
ideas in the most effective ways to a wide variety of audiences.

Jan. 11
2:00 pm 3:30 pm

NASA Hyperwall Presentations
Title
The Multi-Wavelength Universe Making
Great Observations Even Better

Speaker
Rachel Osten

Astrophysics Enabled by HST’s UV
Initiative

Daniela Calzetti

Jan. 9
5:45-6:00 pm

First Galaxy Quest: Exploring the High
Redshift Universe with JWST

Mia Bovill

Jan. 10
9:30-9:45 am

Telescopes as Time Machines

Jason Kalirai

Jan. 10
12:15-12:30 pm

The Search for Life

Joel Green

Jan 10.
12:30-12:45 pm

Worlds Beyond Imagination:
Characterizing Exoplanets with JWST

Nikole Lewis

Jan. 10
1:15-1:30 pm

Weaving A Webb Story:
Communicating Science for JWST

Alexandra
Lockwood

Jan. 10
5:30-5:45 pm

How Did We Get Here: Insights from
NASA’s Great Observatories

Joel Green

Jan. 11
4:45-5:00 pm

Search for Life with the Origins Space
Telescope

Kevin
Stevenson/Tiffany
Kataria/Jonathan
Fortney
Jason Kalirai

Jan. 11
5:15-5:30 pm

Visualizing the Orion Nebula in Visible
and Infrared Light

Frank Summers

Jan. 11
5:45-6:00 pm

Navigating the Universe of Images:
AstroPix and WorldWide Telescope

Robert Hurt

Jan. 12
12:00-12:15 pm

HST Science in Preparation for the
JWST Era

Date & Time
Jan. 9
12:00-12:15 pm

Jan. 11
5:30-5:45 pm

Emerging Technologies: Bringing the James
Webb Space Telescope to the World
Joel Green, jgreen[at]stsci.edu and Leah Ramsay, lramsay[at]stsci.edu

Abstract
Like the rest of the Institute, excitement is building in the Office of Public Outreach (OPO) as the
clock winds down for the launch of the James Webb Space Telescope. Our task is translating and
sharing this excitement over groundbreaking engineering—and the scientific discoveries to come—
with the public. The writers, visual artists, scientists, educators, producers, programmers, and
website curators on the OPO team are creating innovative products and methods to engage the
public in anticipation of Webb’s launch, as well as Hubble’s continuing, groundbreaking mission.
Learn more about some of these projects below.

Space Telescope Live
Team: Julie Imig (Space Astronomy Summer Program student; advised by HST Mission Office coLead Rachel Osten), Joel Green, Parissa Eggleston, Matthew Scilipoti, Elizabeth Wheatley, Christine
Godfrey, Jeffrey Newman, Brandon Lawton, Bonnie Meinke, and Vonessa Schulze.
The Hubble Space Telescope (HST) has produced innumerable images that have pervaded popular
culture. Members of the general public do not necessarily realize that all Hubble data and images
are public domain. Likewise, there is an imperfect understanding of how Hubble chooses targets,
and how many targets Hubble observes. Thus the HST Mission Office and OPO have introduced a
paired Twitter account (spacetelelive twitter feed) and website (spacetelescopelive.org) referred to
collectively as Space Telescope Live.
The Twitter feed automatically showcases each Hubble observation, accompanied by an image from
the Sloan Digital Sky Survey or the Digitized Sky Survey, with context and a link to the proposal
summary. It also serves to highlight the diversity of Hubble investigators and Hubble science. A
similar implementation is being considered for Webb after science operations commence.

Space Telescope Augmented Reality
Team: Michael Gough, Joel Green, Brandon Lawton, Bonnie Meinke, Chad Smith, John Maple, and
Leah Hustak.
Have you ever wished you could share space telescope science and engineering as easily as you
share a business card? In OPO we are always looking to make the work at the Institute accessible,
which is how the outreach team came up with the Space Telescope Augmented Reality (STAR) app.
It is available for Android and iOS, allowing smartphone users to carry and share the Hubble, Webb,
and the future WFIRST missions with them wherever they go. The 3-D models can be viewed from
any angle within the app, and by printing out a small marker card or printing and folding a six-sided
marker cube (a DIY experiment), users can bring these telescopes into “real world” scenes.

A Webb Virtual Museum at L2
Team: Chad Smith, Joel Green, Tim Rhue, Bonnie Meinke, Alexandra Lockwood, Leah Hustak, Frank
Summers, and Leah Ramsay.
The most immersive experience one can achieve without physical proximity to the Webb Telescope
itself uses virtual reality (VR). The magic of VR allows us to simulate placing the user next to Webb
at its eventual orbit location beyond the moon at Lagrange Point 2 (L2), complete with a 3-D model
of the Solar System, including a distant Earth one million miles away. The VR user can flip the
telescope to any orientation and move around it completely to view any angle. There are also
optional informational windows the user can open to obtain more information on the telescope and
its function. The VR experience will soon be available to the public, with a focus on addressing four
common questions:
• What does Webb look like?
• What are Webb’s dimensions and major parts?
• Where is Webb located/where is L2?
• How does Webb work?
Beyond these efforts, OPO is continuing to break ground on inspiring ways to bring the magic of
space telescope science to the world. And as excited as we are for the future science discoveries
Hubble, Webb, and WFIRST will facilitate, we also look forward to continuing to push the envelope
in our efforts, as those new wonders demand more innovative means of outreach to the public.

Webb @ STScI
N. Lewis, nlewis[at]stsci.edu

Abstract
In the lead up to Webb's launch in Spring 2019, the Institute continues its work as the science and
operations center for the mission. The Institute has played a critical role in a number of recent
Webb mission milestones. Webb cycle 1 science is beginning to come into focus with specifications
for Guaranteed Time Observers, Early Release Science, and General Observer programs to be
finalized in the coming year.

Webb Science and Operations Center
With the launch of Webb on the horizon, the Institute continues preparations as the mission's
Science and Operation Center (S&OC). NASA recently made a decision to move the launch date of
Webb to Spring of 2019, a change of approximately six months from the previous launch date in
October 2018, to facilitate spacecraft integration [1]. The Institute will play a major role in ensuring
the science return from the Webb mission, with lead roles in proposal planning, flight operations,
data management, and science community and public outreach. The past year has seen the
completion of a number of major milestones for the Webb S&OC. Construction has been completed
on the Mission Operation Center (MOC, Figure 1) located at the Institute's main building in
Baltimore, MD. The MOC will serve as the heart of flight and science operations for Webb. The
Institute has completed delivery of the first and second releases of the S&OC that fully integrates
the software subsystem functionality needed to support Webb's science mission.

Figure 1: Webb Mission Operations Center. The Institute is the Science and Operations center for
the Webb mission. Image credit: STScI.

The first science proposals to use Webb have also been received over the past year. The Call for
Proposals from Guaranteed Time Observers (GTO) was issued in January and programs requesting
~3800 hours of observations were received on April 1 st. Those proposals were reviewed by NASA
and the Director of the Institute, and detailed observation lists have been published for the
astronomical community[2]. Also in January, The Institute announced the first worldwide
opportunity to propose for Webb observations with the release of the Call for Notices of Intent for
the Director's Discretionary Early Release Science (DD ERS) program. The DD ERS programs will
utilize ~500 hours of Director's Discretionary time. They are designed to inform the community
about Webb's capabilities by providing rapid access to scientifically interesting, representative
datasets early in Cycle 1 with no exclusive access period. A total of 200 DD ERS notices of intent to
propose were received by the March 3 deadline involving the participation of 2,379 scientists,
including 477 who had never proposed for Hubble time. The DD ERS Call for Proposals was released
on May 19th and we received 106 proposals involving 2,957 investigators and collaborators from 38
countries and 44 U.S. states and territories. The proposals are currently under review by the DD
ERS Telescope Allocation Committee, which meets at the Institute in early October. The DD ERS
results will be made public by November 1.
Beyond the Webb GTO and DD ERS program, the Institute is busy gearing the community up for the
planned release of General Observer (GO) Call for Proposals on November 30th, 2017 [2]. Up to
6,000 hours will be available for observations by the worldwide community. The GO proposal
deadline is currently slated for March 2nd, 2018 [3]. Over the past year the Institute has supported
more than a dozen proposal planning workshops in Baltimore and elsewhere to familiarize
potential Webb users with observatory capabilities and proposal planning tools. Webb user tools
include modernized documentation, exposure time calculator, and helpdesk interface that will
facilitate groundbreaking Webb science in cycle 1 and beyond. Our public outreach team is also
gearing up for Webb cycle 1 science results that will certainly capture the public's imagination by
expanding their set of public engagement tools to include virtual reality and new digital media in
addition to the traditional forms of news, exhibts, and video. The Institute's Webb-focused websites
for observers (jwst.stsci.edu) and the public (webbtelescope.org) provide key information for
Webb's science mission.

References
[1] Dunbar 2017, "NASA's James Webb Space Telescope to be Launched Spring 2019" (accessed
02.10.17)
[2] JWST User Documentation/STScI 2017, "JWST GTO Observation Specifications"
[3] JWST Policy Team 2017, “JWST Cycle 1 Proposal Opportunities” (accessed 02.10.2017)

Updates on Hubble Operations at the
Institute
R. Osten, osten[at]stsci.edu

Abstract
Observations with the Hubble Space Telescope continue to be in great demand. The type of observations
scheduled with Hubble in Cycle 24 had more demanding scheduling constraints than usual. This resulted
in a slightly lowered observing efficiency and longer-than-normal tail of programs late into the observing
cycle. Two recent activities ensure the ability of the Cosmic Origins Spectrograph (COS) to continue its
amazing productivity in both the near term and farther off. A move to a fourth position on the detector
will take effect for Cycle 25 observations, and recommendations for operations will extend good COS
performance well into the next decade. Several anomalies recently kept Hubble operations personnel on
their toes, but with no worry about the health of the spacecraft. Recent changes to Hubble's archive
ensure that users will always have the best available data available for immediate download.

Cycle 24 observing programs and scheduling efficiency
The past several years have demonstrated strong continued interest by the astronomy community for
obtaining Hubble data to advance a variety of different astrophysical research areas, with
oversubscription factors of 3.6 in proposals and 4.9 in orbits, most recently in Cycle 25. Within this
proposal pressure, the nature of the requested observations is changing; a larger portion of the
observing cycles now requires specific timing, which has an impact on scheduling efficiency. The most
obvious categories are observations of exoplanets requiring specific orbital-phase windows, or mission
support proposals for observations of objects in the solar system. Figure 1 demonstrates this increase
graphically, and shows the large increase in the number of accepted orbits in the exoplanet and solar
system categories over the last several cycles. This increase is apparent even without factoring in the
Cycle 24 treasury program "Panchromatic Comparative Exoplanetary Treasury Program" (PI David Sing)
with 498 orbits. Other types of observations can also impose tight timing constraints, such as
astrometric measurements, target of opportunity observations with short turn-around requirements,
and joint observing programs requiring simultaneous observations.
Hubble observations are scheduled in one week increments, and the planning and scheduling team at
the Institute tries to maximize the amount of time Hubble is "on source," looking at external targets.
Due to its low-Earth orbit, which takes about 90 minutes to complete, there is a natural limit to how
efficient Hubble can be. Initial expectations were a ratio of on source time to total elapsed time of only
about 35%, but Hubble operations have routinely exceeded this, with long-term averages from Cycle 17
up through Cycle 23 of about 51%, or nearly 84 orbits per week. The number of orbits per week
scheduled in Cycle 24 has been slightly less, at 82 orbits/week. This lower scheduling efficiency is due to
the tighter scheduling constraints in the cycle. Cycle 24 contains a large amount of solar system
observations coordinated with planetary missions (such as New Horizons, Cassini, and Juno). These have
specific timing constraints to enable their scientific objectives, such as a large program to study Jupiter's
aurorae enabled by combining UV auroral observations with Hubble and in situ measurements of
Jupiter's auroral acceleration regions by Juno. Director's discretionary programs, as well as proposals

received at the mid-cycle calls, also require changes to the initial long-range plan created at the
beginning of the observing cycle.
Many exoplanet observations also have tight period and phase constraints. The precision of Hubble's
satellite orbital ephemeris limits the ability to plan these types of observations far into the future. The
time horizon on which observations can be planned with the required precision is about 10 weeks.
Observation windows planned beyond 10 weeks are not stable at the level of precision required for
these exoplanet programs. This results in an inability to plan exoplanet science accurately throughout
the cycle, and requires numerous iterations. The long-range planners mitigate this by "storing"
exoplanet visits late in the cycle, and checking on a weekly basis for possible scheduling spots. Director's
discretionary programs, as well as proposals received at the mid-cycle calls, are also being
accommodated.

Figure 1: Graph showing the increase in the number of orbits devoted in the last several Hubble
observing cycles to exoplanetary and solar system observations. Cycle 24 saw a dramatic increase in
the number of orbits devoted to both categories. The contribution to this total from one large
treasury program is noted with hatched lines.
Another method used to keep the observing efficiency of Hubble at its best is to allocate more orbits
than can fit in a nominal cycle length. This tail helps ease the transition into a new observing cycle, as it
contains a large reservoir of observations that can fill in gaps created late in the cycle. Cycle 24 had a
larger than normal tail; typical values are 600–800 orbits, while Cycle 24 initially had about 1100 orbits
in its tail. Although a long tail normally increases efficiency, the timing constraints in many of these
programs means that the tail has less of a positive impact on the efficiency, compared to other recent
cycles.

Keeping COS productive into the next decade
A New Lifetime Position
Real estate agents will tell you about the importance of location in choosing a home. Location is just as
important in maximizing the ability to perform sensitive observations at moderate spectral resolution
with the COS on Hubble. Previous STScI Newsletter articles have detailed moves from the initial Far
Ultraviolet (FUV) detector location to more pristine locations (Oliveira et al. 2012; Osten et al. 2013;
Roman-Duval et al. 2016), and a move to another such position occurred on October 2, 2017. This is the
fourth life-time position used for on-orbit operations of the COS FUV detector. The primary purpose for
the moves is to alleviate the loss of recorded flux due to charge depletion in the detector. The move to a
new lifetime position occurs when a gain sag hole appears at the current location on the detector. Gain
sag holes form due to charge depletion from Lyman-alpha airglow emission, typically arising from usage
of the G130M grating, falling on the detector. An intermediate solution prior to a lifetime position move
is to gradually raise the high voltage at which the detector operates, until the maximum allowable level
is reached. As Figure 2 illustrates, these lifetime positions are offset from each other in the direction
perpendicular to the dispersion direction. The primary goal of these moves is to continue to offer the
highest quality science data possible for FUV spectroscopy.

Figure 2: Graphical display of the Cosmic Origins Spectrograph's FUVB detector, with horizontal red lines
indicating the previous and future lifetime positions. The red rectangles to the right depict the
approximate location in the Y direction where the wavelength calibration aperture (WCA) falls, for
each lifetime position. COS commenced operations at the LP4 on October 2, 2017.
The move to a new lifetime position carries with it a number of preparatory programs to explore
possible issues with operations, as well as programs to enable and to calibrate science operations at the
new location. Such a suite of programs typically encompasses an evaluation of the underlying detector
gain at the new location, optimization of the precise location for the new lifetime position, a focus
sweep to determine the optimal choice of focus, a check of the spatial and spectral resolution, a
determination of target-acquisition parameters appropriate to the new position, a check of the
wavelength scales; determination of template profiles for best spectral extraction, and confirmation of

operation of the Bright Object Aperture at the new location. These activities have occurred for all
lifetime position moves.
There are a few additional programs that are particular to lifetime position 4 (LP4). As Figure 2 indicates,
the location of the fourth lifetime position is near the bottom of the active area of the detector. The
current correction for geometric distortion at this location was obtained during thermal vacuum testing
on the ground. Because the ground-based test data were out of focus at this position, additional study
of the ground data and new flight data were needed to ensure optimization of the geometric distortion
correction. Additionally, the location of the wavelength calibration aperature, or WCA, for LP4 falls on a
region of the detector previously depleted by science exposures at LP2. The emission lines from the
lamp are used for determination of the zero point of the wavelength scale by cross-correlation of the
lamp spectra with a template. Additional work was required to verify changes to the cross-correlation
technique so that the correct wavelength solution could still be obtained in the presence of LP2
depletions. With this groundwork in place, the COS team anticipates a smooth transition to operations
at the new lifetime position.

COS 2025 recommendations
The lifetime move described above extends the amount of time COS is able to be used for future science
operations, but only for a finite length of time. Operations at each lifetime position can be performed
for only about 2.5 years before data quality becomes an issue. Continuing the operations at LP4 in the
same manner as done for previous lifetime positions thus would only extend COS's performance into the
late 2019/early 2020 timeframe. A fifth lifetime position (marked in Figure 2) is possible but unlikely, as
there are drawbacks due to the location of the wavelength calibration lamp spectra.
The 2020 vision for Hubble, as expounded upon by now-director Ken Sembach in a 2015 Newsletter
article, uses a five-year window to set priorities for technical work and observing initiatives. Hubble is
likely to continue operating beyond 2021, with operations into the middle of the next decade entirely
realistic. COS is a fully redundant instrument eight years after installation on Hubble in 2009, while the
STIS instrument, installed in 1997, operates on its second set of electronics, having switched to the
second side in the fall of 2001. There is clear value for UV spectroscopy with Hubble in overlapping
science operations with the James Webb Space Telescope, now expected to occur for several years.
A committee of experts from both the community and the Institute examined the relevant issues, with
the mandate of determining the best strategy for UV spectroscopy going forward, to extend good COS
performance to 2025. The issue causing the need for successive lifetime position moves—exposure to
Lyman alpha airglow and resulting gain sag of the detector—will remain. The ability to relocate to
pristine regions of the detector is now limited, as most of the useable area has been used. There are
operational limits to the high voltage settings on the detector. The agreed-upon strategy, in place with
the start of Cycle 25, is to place all of the geocoronal Lyman alpha on a more limited region of the
detector. This approach will deplete the detector more quickly, but the damage will be constrained to
less detector area, incurring a 4–10 Å gap in wavelength coverage on the FUVB detector with the G130M
grating. The upside is that the remaining detector real estate at LP4 is viable until 2023 or beyond, a gain
of three or more years compared to normal operations. The graph in Figure 3 summarizes the
availability of different FUV modes for Cycle 25 and going forward, as a function of lifetime position,
detector segment, and FP-POS. Users needing all FP-POS to achieve high signal to noise or resolution
comparable to 1291 can use the 1222 central wavelength setting. We originally planned a new 1223

setting to optimize the FUVA resolution at LP4, but flight tests demonstrated that this was unnecessary.
More information on the COS 2025 strategy is available from www.stsci.edu/hst/cos/cos2025.

Figure 3: Summary of the supported and available science modes versus lifetime position for the
COS/FUV observations for Cycle 25 GO programs

Keeping Hubble operations on its toes
With 27 years of experience, science operations with Hubble are generally smooth, even with the
evolution in the types of observations executed each cycle (see above section of this article). A series of
recent anomalies has been keeping engineers and scientists awake and alert. These anomalies have
occurred primarily within Hubble's Science Instrument Command and Data Handler (SIC&DH). This is the
unit on the telescope responsible for sending commands to the science instruments, and directing the
flow of data within the telescope. It was installed on Hubble during the last servicing mission in 2009.
The Control Unit/Science Data Formatter (CU/SDF) within the SIC&DH has experienced a total of ten
electronics lock-ups since 2009. Four of these occurred from July 2016 to June 2017, including three in
calendar year 2017 (Jan. 13, March 16, and June 19). When a lock-up occurs, the regular flow of
information to and from the science instruments stops, and alerts get sent to the ground team. The
science instruments respond to the loss by placing themselves in a safe mode to prevent accidental
harmful conditions.
These anomalies are well understood, and in each case, once the anomaly is identified, the Hubble
operations team begins the steps necessary to recover the instrument payload. This includes recovering
the science instruments, redelivering the science mission schedule, and re-planning affected science
exposures. The time to complete recovery is typically about a day to a day and a half: the speedy
recovery after the March 16, 2017 anomaly only took 20 hours. Although the time between the recent
events has been short, a review shows that their occurrence is within expected limits and there is no

cause for concern. The team is monitoring the frequency of events and will consider possible changes
should the frequency of these lock-ups increase further.

Ensuring the freshness of Hubble archive data
More than half of the refereed papers published every year based on Hubble data do so with only
archival data, highlighting the importance of a well-maintained archive that can provide the
astronomical community with the highest quality data. Users of Hubble's archive are familiar with On
The Fly Reprocessing (OTFR), available for data retrieved from the archive since 2001. OTFR enabled
Hubble archive users to obtain data processed with the most recent calibration files, software, and data
parameters. Because of concerns at the time about disk space, OTFR stored only the raw telemetry files;
FITS files were recreated and data processing steps performed on them at the time of the user request.
The median processing times were of the order of a few hours.
Since 2015, the Hubble archive has been moving towards storing data statically in an online cache.
Datasets are reprocessed as needed when new reference files or a new version of the calibration
pipeline becomes available. Disk space is no longer a concern, and this modern approach ensures that
users will never receive stale data. As of January 3, 2017, all Hubble data are stored statically in an online
cache. Because the most up-to-date version of the data is already on disk, data retrieval times have
significantly improved compared to using OTFR; data are available for immediate download through the
MAST Portal, either through the browser or cURL scripts. The delivery of new reference files or updates
to calibration software initiates a reprocessing of the affected datasets. Users who request datasets
which have been queued for reprocessing are notified of this at the time of request, and the request
from the user results in a higher priority for reprocessing the affected datasets. A Hubble Pipeline
Processing page, provides access to the current status of Hubble data reprocessing activities, in
particular large reprocessing efforts that may take several days. This is similar to the setup that will be
used for access to Webb data.
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Abstract
Another year of outstanding operations from Hubble has left us with an observatory in excellent
shape that continues to add to our understanding of the universe, as it has now for over a quarter of
a century. The peer-review proposal selection process plays a fundamental role in establishing a
merit-based science program, and that is only possible thanks to the work and integrity of all the
Time Allocation Committee (TAC) and review panel members, and the external reviewers. With our
sincere gratitude to all who participated in this important community service, and to all of the
proposers for keeping Hubble’s scientific demand very high, we present here the highlights of the
Cycle 25 selection process.

Introduction
We received a total of 1,205 proposals by the phase I deadline in April, including 118 in Archival
Research and Archival Legacy categories, and 64 in the Theory category, requesting a total of
23,365 orbits. These proposals included investigators from 48 US states (plus the US Virgin Islands
and the District of Columbia), and investigators from 44 countries. The international members of
the proposal review panels and the TAC met in June to provide recommendations to the Director,
who approved 340 proposals totaling 4,800 awarded orbits, which will start executing at the
beginning of Cycle 25 in October. As for Cycle 24, up to 200 orbits will be available for Mid-Cycle
General Observer (GO) programs targeting recently discovered, non-transient objects. These
proposals may be submitted anytime between August 15, 2017 and January 31, 2018.

The Call for Proposals
The Cycle 25 Call for Proposals (CP) was released on January 13, 2017, announcing observing
opportunities with Hubble’s current instrumentation: the Advanced Camera for Surveys (ACS), the
Cosmic Origins Spectrograph (COS), the Fine Guidance Sensors (FGS), the Space Telescope Imaging
Spectrograph (STIS), and the Wide Field Camera 3 (WFC3). Opportunities also included Webb
Preparatory proposals (with a default proprietary period of zero months) to complement and
enhance the scientific impact of future Webb observations, and ultraviolet (UV) intiative proposals,
designed to take full advantage of the unique UV capabilities of Hubble while they still exist. In this
CP, the Institute partnered with the Chandra X-ray Center to offer the opportunity to propose for
Large Joint Hubble-Chandra programs that would require at least 75 orbits of Hubble time and 400
ksec of Chandra time. These proposals are in addition to the regular joint Hubble-Chandra
proposals. Medium Proposals continued as a separate category for programs requesting between
35 and 74 orbits, to improve the success rate of programs in this historically challenging orbit
range. As in previous cycles, as part of an Hubble proposal, it was possible to request joint time on
Chandra, XMM-Newton, and on NOAO and NRAO facilities.
The upcoming launch of the James Webb Space Telescope brings with it new and exciting science,
but also an increased burden on the community to review proposals for both Hubble and Webb. To
minimize this burden, proposers were invited to propose for small (<34 orbits) GO programs to be
pre-allocated for Cycle 26. Approximately 1,200 orbits were allocated for Cycle 26 by the Cycle 25

peer-review process. Cycle 26 will be a “ΔCycle,” where no small proposals will be accepted. The
Hubble proposal schedule will return to normal in Cycle 27, with the Call for Proposals scheduled
for release in January of 2019.
The CP also announced opportunities to request funding for theoretical and archival research. To
support the latter, it advertised the release of the Hubble Source Catalog, combining tens of
thousands of single visit-based WFC3, ACS, and WFPC2 source lists from the Hubble Legacy Archive
into a single master catalog with roughly 100 million individual sources. The CP also encouraged
archival proposals that mine the new Hubble Spectroscopic Legacy Archive for high-level data
products, containing “science grade” co-added spectra of all usable public data, combining
exposures for each target from across visits.
Recognizing the unique and limited availability of Hubble’s UV capabilities, the UV Initiative was
continued to encourage the community (and the TAC and panelists) to increase the fraction of time
and awards dedicated to wavelengths below 3200 Å. The UV initiative applied to all Small, Medium,
Large, and Treasury GO Proposals (with the exception of SNAP), as well as Archival Proposals. The
available UV instrument modes include ACS/Solar-Blind Channel imaging, COS spectroscopy, STIS/
Multi-Anode Microchannel Array imaging and spectroscopy, STIS/Charge-Coupled Diode
spectroscopy (UV gratings only) and WFC3/UVIS imaging (UV filters only).

The Review Process
Members of the review panels and the TAC were recruited several months prior to the proposal
deadline, and asked to serve on one of the 15 panels organized by science category, consisting of
two panels on cosmology, three on galaxies and the intergalactic medium (IGM), two panels
covering black holes, two on stellar populations, three on stellar physics, two covering planets, and
one covering solar-system objects. Upon receipt of the large number of proposals at the deadline, it
became necessary to form an additional panel on galaxies and the IGM, making four panels in that
area and bringing the total number of panels to 16. With the exception of solar system, each panel
had at least one “mirror” panel, covering similar topics and expertise, allowing proposals to be
transferred as needed to avoid conflicts of interest within a given panel. To accommodate the
increased specialization of some of the fields, solar system and exoplanet proposals were not
evaluated by the same panels, with the “Planets” mirror panels reviewing proposals covering
exoplanet and debris disk science, and the solar system panel covering proposals for archival
research/observations of solar system targets.
A total of 1,205 proposals were received electronically via the ASTRONOMER’S PROPOSAL TOOL by the
phase I deadline in April, and each was sorted by science category and organized into the review
panels described above. Each review panel subsequently received between 70 to 90 Small (<35
orbits) and Medium (35 to 74 orbits) proposals to grade in preparation for the in-person discussion
in June.
To decrease the burden on the panelists, each was only assigned about two-thirds of the proposals
in their panel. These grades were collected a few weeks before the meeting, and sorted into a
preliminary rank order within each panel. Proposals ranking in the bottom 40% were triaged, and
generally not discussed further in the TAC process unless raised for discussion by a non-conflicted
panelist. The Large and Treasury proposals (>75 orbits) were reviewed by the TAC members for
discussion in their meeting following the panel reviews.

The review panels met over three days in Baltimore, MD, to deliberate and re-grade the proposals,
and produce a final rank order for the non-triaged proposals in each panel. Members of the TAC
were also assigned to these panels to serve as non-voting chairs, guiding the discussion and
carrying forward opinions (should they be necessary) from the panels to the TAC. Each panel was
provided a nominal orbit allocation to help guide decisions, especially for proposals critically
ranked at or near the potential award boundary.
Medium proposals were assigned to a single panel for review, where they were graded and ranked
amongst the small proposals. To encourage the selection of proposals of this size, each panel was
allowed (but not required) to place one medium proposal above the orbit allocation cut-off line that
would not count against their panel’s orbit allocation. However, any subsequent medium proposals
that were highly ranked would come out of the total orbit allocation for a given panel. Panelists
were also asked to review the Large and Treasury proposals pertinent to their panel science
category. Comments on the Large proposals were provided to the panel chairs for the TAC review.
Immediately following the panel review, the TAC met for an additional two days to review the
panels’ recommendations, and to decide the final rank orders for the Large and Treasury programs,
within those respective orbit pools. Dr. Catherine Cesarsky of Commissariat à l’Energie Atomique
served as chair of the Cycle 25 TAC, and Prof. Charles Bailyn of Yale University, Prof. Robert
Kirshner of Harvard University, and Prof. Adam Kraus of The University of Texas at Austin served
as TAC members at large. The Institute Director completed the final review of the TAC
recommendations in the week following the TAC meeting, and the Cycle 25 results were announced
shortly thereafter.

Ensuring an Impartial Review
We continue to strive for impartiality and fairness in the Hubble review process. Conflicts of
interest for each reviewer are identified based on institution and publication record, and mirror
panels are used to avoid conflicts when possible. Once the proposals are initially distributed to the
panel, each panelist must identify any remaining strong conflicts of interest, including competing
proposals, mentorship relationships, and close collaborations. Panelists are not permitted to grade
proposals for which they are conflicted, and for strong conflicts, e.g., any in which they themselves
or their institutions would directly benefit from, panelists are not permitted to participate in the
discussion.
Additionally, the Institute has taken steps to address the unconscious gender bias of the Hubble TAC
process, which has resulted in small but statistically significant over-representation of male
Principal Investigators (PIs) relative to female PIs in each of the last 24 Hubble cycles. Following the
recommendation of the Space Telescope Users Committee, printed copies of proposals, used for
evaluation by the review panels, listed investigators alphabetically without identifying the Principal
Investigator. Most panelist and TAC members welcomed this change and recommended making the
proposals completely anonymous, regardless of proposal size. The orientation given to all panel and
TAC members also included a presentation by Dr. Stefanie Johnson (University of Colorado,
Boulder) on unconscious/implicit bias and best practices for reviewers.

Results
With 340 of 1,205 proposals accepted, the average Hubble Cycle 24 acceptance rate was 28.2%,
higher than the 22.4% acceptance rate from the last cycle. The oversubscription ratios for all GO
programs were 4.9:1 by orbit and 3.5:1 by proposal (compared to 6.8:1 and 4.5:1, respectively, for
the previous cycle). The estimated oversubscription of Archival and Theory proposals by nominal
funding was 3.2:1, compared to 4.0:1 from the previous cycle. PIs from ESA member countries lead
23% of the accepted Cycle 25 programs, slightly lower than in the last cycle. The success rate of
Medium proposals was 18% by proposal (18 out of 87), for a total of 868 orbits, representing a
slight increase with respect to Cycle 24 (with a success rate of 15%).
WFC3 remained the most requested instrument, with 46.3% of the awarded time utilizing this
instrument in its various modes on primary targets (16.0% WFC3/IR imaging, 7.6% WFC3/IR
spectroscopy, 22.3% WFC3/UVIS imaging, and 0.3% WFC3/UVIS spectroscopy). COS is the second
most requested instrument, 24.8% of available orbits, going to FUV (21.4%) and NUV (3.2%)
spectroscopy. STIS was awarded 16.2% of the awarded time almost evenly split across the
spectroscopic modes. ACS completes the allocation, with 12.7% of the time going to the WFC
(11.5%) and SBC (1.2%) imaging modes. The success rate for the proposals under the UV Initiative
was 41% by proposal (18 out of 57 for archival research and 112 out of 271 for GO), and 48% by
orbit (2,309 orbits out of 9,423 requested).
The Cycle 25 orbit distribution per science category was as follows: 19% for Exoplanets (of 15.6%
submitted), 33% for Galaxies (of 33.5% submitted), 18% for Stellar Physics (of 15.6% submitted),
11% for Stellar Populations (of 13% submitted), 11.1% for Intergalactic Medium and Cosmology (of
12.3% submitted), 2% for Solar System (of 1.8% submitted), and 9% for Black Holes (of 8.1%
submitted).
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Table 1. Summary of Cycle 25 Results
Proposals

Requested

Approved

% Accepted

General Observer
Snapshot
Archival Research
AR Legacy
Theory
Total
Primary Orbits

971
52
105
13
64
1,205
23,365

271
12
31
2
24
340
4,800

27.9%
23.1%
29.5%
15.4%
37.5%
28.2%
20.5%

ESA Orbits/Proposals is GO/Snap only;
2 Orbits are from Calibration Pool
Includes 1200 Pre-allocated orbits from Cycle 26

ESA Accepted
62
3
1
0
0
66
941

ESA % Total
22.9%
25.0%

23.3%
19.6%

Table 2. Cycle 25 Instrument Statistics
Configuration

ACS/SBC
ACS/SBC
ACS/WFC
ACS/WFC
ACS/WFC
COS/FUV
COS/NUV
COS/NUV
FGS
FGS
STIS/CCD
STIS/CCD
STIS/FUV
STIS/FUV
STIS/NUV
STIS/NUV
WFC3/IR
WFC3/IR
WFC3/UVIS
WFC3/UVIS

Mode

Imaging
Spectroscopy
Imaging
Ramp Filter
Spectroscopy
Spectroscopy
Imaging
Spectroscopy
POS
TRANS
Imaging
Spectroscopy
Imaging
Spectroscopy
Imaging
Spectroscopy
Imaging
Spectroscopy
Imaging
Spectroscopy

Prime
%

Coordinated
Parallel %

Total

1.1%
0.1%
10.9%
0.6%
0.0%
21.4%
0.2%
3.2%
0.0%
0.0%
1.6%
2.1%
0.0%
6.9%
0.2%
5.4%
16.0%
7.6%
22.3%
0.3%

0.0%
0.0%
33.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
24.4%
0.0%
42.6%
0.0%

0.9%
0.0%
14.6%
0.5%
0.0%
17.8%
0.1%
2.7%
0.0%
0.0%
1.4%
1.7%
0.0%
5.8%
0.2%
4.5%
17.4%
6.3%
25.7%
0.2%

100%

100.0%

100.0%

Instrument
Prime
Usage

Instrument
Prime +
Coordinated
Parallel
Usage

12.7%

16.1%

24.8%

20.6%

0.0%

0.0%

16.2%

13.5%

46.3%

49.7%

100.0%

100.0%

Pure
Parallel
Usage

Snap
Usage

0.0%
0.0%
23.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
77.0%
0.0%
0.0%
0.0%

0.0%
0.0%
14.7%
0.0%
0.0%
9.9%
6.1%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
2.6%
0.0%
2.6%
32.3%
0.0%
31.8%
0.0%

100.0%

100.0%

Table 3. Proposal Breakdown by PI Country
Country

Submitted

Approved

Country

Submitted

Approved

Argentina

1

1

Italy

30

5

Australia

5

4

Japan

10

3

Austria

10

1

Mexico

3

2

Belgium

1

0

Norway

1

1

Brazil

1

0

Poland

2

0

Canada

11

4

Portugal

2

0

Chile

10

1

Russia

2

0

China

8

1

Spain

11

2

Czech Republic

3

0

Sweden

12

3

Denmark

6

1

Switzerland

19

5

Finland

1

0

The Netherlands

25

4

France

11

4

Ukraine

2

1

Germany

46

10

86

25

India

1

1

881

260

Ireland

1

0

Israel

6

0

272

66

United Kingdom
United States
ESA Proposals

Proposal Success Rate as a Function of Orbit Requests, Cycles 19-25
50%
Cycle 25
45%

Cycle 24
Cycle 23

40%

Cycle 22
35%

Cycle 21

30%

Cycle 20
Cycle 19

25%
20%
15%
10%
5%
0%
1 - 10

11 - 20

21 - 30

31 - 40

41 - 50

Orbit Bins

51 - 74

75 - 99

>=100

Overall

Science Category Distribution for Orbits
0.112291667
Stellar Populations

0.129509951

0.180416667
Stellar Physics

0.156430559

0.024583333
Solar System

0.018446394

0.077916667
Cosmology

0.12317569

0.330833333
Galaxies & IGM

0.334945431

0.187291667
ExoPlanets

0.156216563

0.086666667
Black Holes

0.081275412
0%

5%

10%

15%

20%
Approved

25%
Submitted

30%

35%

40%

45%

50%

TAC Members and Panelists
Name

Institution

Role

TAC Members
Catherine Cesarsky, TAC chair
Commissariat à l'Énergie Atomique (CEA)
Charles David Bailyn, At Large
Yale University
Robert P. Kirshner, At Large Harvard University
Adam L. Kraus, At Large
University of Texas at Austin

TAC Chair
At-Large
At-Large
At-Large

Extragalactic Members
Katherine Anne Alatalo
Carnegie Institution of Washington
Itziar Aretxaga
Instituto Nacional de Astrofísica, Óptica y Electrónica
Amy J. Barger, Chair
University of Wisconsin – Madison
Kat A. Barger
Texas Christian University
Daniel Batcheldor, Chair
Florida Institute of Technology
Matthew Bayliss
Massachusetts Institute of Technology
Rachael Lynn Beaton
Princeton University
Misty C. Bentz
Georgia State University Research Foundation
Danielle Berg
University of Wisconsin – Milwaukee
Simeon Bird
The Johns Hopkins University
John P. Blakeslee, Chair
Dominion Astrophysical Observatory
Laura Blecha
University of Maryland
Gregory D. Bothun
University of Oregon
Maruša Bradač
University of California – Davis
Michael S. Brotherton
University of Wyoming
Carolin Noel Cardamone
Wheelock College
David Carter
Liverpool John Moores University
Ena Choi
Columbia University in the City of New York
Christopher W. Churchill, Chair
New Mexico State University
James Colbert
Jet Propulsion Laboratory
Michael Cooper
University of California – Irvine
Alison F. Crocker
Reed College
Daniel Dale
University of Wyoming
Elena Dalla Bontà
Università degli Studi di Padova
Laura DeGroot
Denison University
Jennifer Donovan Meyer
Associated Universities, Inc.
Duncan Farrah
Virginia Polytechnic Institute and State University
Ignacio P. Ferreras
University College London (UCL)
Ryan Foley
University of California – Santa Cruz
Martin Gaskell
University of California – Santa Cruz
Eric Gawiser, Chair
Rutgers the State University of New Jersey
Shy Genel
Center for Computational Astrophysics, Flatiron Institute
Julie Hlavacek-Larrondo
Université de Montréal
Shirley Ho
Lawrence Berkeley National Laboratory
Kelly Holley-Bockelmann
Vanderbilt University
Chao-Ling Hung
University of Texas at Austin
Jeyhan Kartaltepe
Rochester Institute of Technology
Brian Keeney
University of Colorado at Boulder
Alina Kiessling
Jet Propulsion Laboratory
Anatoly Klypin
New Mexico State University
Jean-Paul Richard Kneib, Chair
École Polytechnique Fédérale de Lausanne
Kyoung-Soo Lee
Purdue University
Bret Lehmer
University of Arkansas Main Campus

Chair
Chair

Chair

Chair

Chair

Chair

TAC Members and Panelists
Nicolas Lehner
University of Notre Dame
Rachael Livermore
University of Texas at Austin
Lucas M. Macri
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Last Name
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ESA Member

Proposal Type

Title

Monique

Aller

Georgia Southern University Res. & Svc.
Foundation, Inc

GO

Testing Dust Models at Moderate Redshift: Is the z = 0.437 DLA toward 3C 196 Rich in
Carbonaceous Dust?

Alessandra

Aloisi

Space Telescope Science Institute

GO

Addressing Ionization and Depletion in the ISM of Nearby Star–Forming Galaxies

Matthew

Auger

University of Cambridge

GO

The Brightest Galaxy-Scale Lens

Andrew

Baker

Rutgers the State University of New Jersey

GO

High-Resolution Imaging of Four Lensed Dusty Star-Forming Galaxies

Eduardo

Banados

Carnegie Institution of Washington

GO

The Host Galaxy and Environment of a Bright QSO at z = 7.54

Kat

Barger

Texas Christian University

GO

The Fate of Infalling Gas During its Final Approach onto the Milky Way Disk

Aaron

Barth

University of California – Irvine

GO

Measuring the Accretion Disk Size in Mrk 509 Using Continuum Reverberation Mapping

Aaron

Barth

University of California – Irvine

GO

Probing the Accretion Flow and Emission-Line Regions of M81, the Nearest Broad-Lined LowLuminosity AGN

Francesco

Belfiore

University of California – Santa Cruz

GO

Galactic Fireworks: Detecting Young Stars Formed in Galactic Outflows

Vardha

Bennert

Cal Poly Corporation, Sponsored Programs
Department

Misty

Bentz

Georgia State University Research Foundation

GO

The Host Galaxy of the Low Mass Black Hole in UGC 06728

Danielle

Berg

University of Wisconsin – Milwaukee

GO

Resolving the Abundance Discrepancy with Hubble /COS

Edouard

Bernard

Observatoire de la Côte d'Azur

ESA

GO

The Elusive Old Stellar Halo of Low-Mass Spirals: RR Lyrae Stars in NGC 55

Stefano

Bianchi

Università degli Studi Roma Tre

ESA

GO

NGC 3147, a Golden True Type 2 AGN?

Benjamin

Boizelle

University of California – Irvine

GO

Stellar Luminosity Profiles for Precision Measurements of Black Hole Mass in Early-Type Galaxies

David

Bowen

Princeton University

GO

The Baryon Reservoirs in Ultra-Diffuse Galaxies (UDGs)

Michael

Boylan-Kolchin

University of Texas at Austin

AR

Dwarf Galaxies from Deep Fields to the Near Field

Sean

Brennan

Rutgers the State University of New Jersey

AR

Testing Methods to Measure Dark Matter Substructure with Gravitational Lensing

Joanna

Bridge

The Pennsylvania State University

AR

Spatially Resolved Emission Line Ratios for Nuclear AGN Selection

Joseph

Burchett

University of Massachusetts – Amherst

AR

Surveying the CGM and IGM across Four Orders of Magnitude in Environmental Density

Joseph

Burchett

University of Massachusetts – Amherst

GO

Finding the Missing Metals around the Universe's Most Prodigious Polluters

Nell

Byler

University of Washington

AR

Zheng

Cai

University of California – Santa Cruz

GO

Daniela

Calzetti

University of Massachusetts – Amherst

GO

The Emergence of Star Clusters

Raoul

Canameras

University of Copenhagen, Niels Bohr Institute

GO

The Nature of Ultra-Massive Lens Galaxies

Rebecca

Canning

Stanford University

GO

Hubble Grism Observations of the Highest-z Massive Galaxy Cluster

Caitlin

Casey

University of Texas at Austin

GO

The Environments of 6 < z < 7 Quasars: Rich with Starbursts?

Extragalactic
Programs

ESA

SNAP

ESA

A Local Baseline of the Black Hole Mass – Host Galaxy Scaling Relations for Active Galaxies

PHAT+MaNGA: Using Resolved Stellar Populations to Improve the Recovery of Star-Formation
Histories from Galaxy Spectra
Imaging the Most Massive Galaxy Overdensities at z = 2.2: The Morphology-Density Relation at
High Redshift

Accepted Proposals
Stephen

Cenko

NASA Goddard Space Flight Center

GO

Multi-Wavelength Spectroscopy of Tidal Disruption Flares: A Legacy Sample for the LSST Era

Marco

Chiaberge

Space Telescope Science Institute

ESA

GO

The Host Galaxy of the Gravitational Wave Recoiling Black Hole Candidate 3C186

John

Chisholm

Observatoire de Genève

ESA

GO

Do Galactic Outflows Shape the Stellar Mass–Metallicity Relationship?

Christopher

Churchill

New Mexico State University

AR

The Baryon Cycle through Cosmological Simulations: Taking COS to the Next Generation of
Analysis

Geoffrey

Clayton

Louisiana State University and A & M College

GO

A First Investigation of the UV Extinction Properties of Interstellar Dust in M33

Thomas

Connor

Carnegie Institution of Washington

GO

UV Observation of a QSO Sightline Intersecting an X-ray Identified Filament of the Cosmic Web

Jeff

Cooke

Swinburne University of Technology

GO

Mapping the Escaping Ionizing Flux of Lyman-Continuum Galaxies

Lauren

Corlies

The Johns Hopkins University

AR

Resolving the Small-Scale Structure of the Circumgalactic Medium in Cosmological

Anson

D'Aloisio

University of Washington

AR

Interpreting Hubble Observations with Simulations of Reionization: The Ionizing Photon Budget
and the Decline of Lyman-α emission in z > 6 Dropouts

Emanuele

Daddi

Commissariat à l'Énergie Atomique (CEA)

ESA

GO

Spectroscopic Redshifts and Age Dating of a First Statistical Sample of Passive Galaxies at z ~ 3

Haakon

Dahle

University of Oslo

ESA

GO

A High-Definition Study of the Brightest Lensed Galaxy in the Universe

Frederick

Davies

University of California – Santa Barbara

AR

New Constraints on the Hard Ionizing Photon Budget and the Lifetime and Obscuration of Quasars
During the Epoch of Helium Reionization

Stéphane

De Barros

Observatoire de Genève

ESA

GO

Beacons in the Dark: Using the Most Distant Galaxies to Probe Cosmic Reionization

Roelof

de Jong

Leibniz-Institut für Astrophysik Potsdam (AIP)

ESA

GO

Inner Stellar Halos of Spiral Galaxies: Accretion or in-situ Formation?

Hugh

Dickinson

University of Minnesota – Twin Cities

AR

Constraining the Evolution of the Hubble Parameter Using Cosmic Chronometers

Hui

Dong

Instituto de Astrofísica de Andalucía (IAA)

GO

Ultraviolet Spectroscopy of the Dust Extinction in the M31 Inner Bulge

Harald

Ebeling

University of Hawaii

Peter

Erwin

Max-Planck-Institut für Extraterrestrische Physik

Mark

Fardal

Duncan

ESA

SNAP
ESA

Beyond MACS: A Snapshot Survey of the Most Massive Clusters of Galaxies at z > 0.5

GO

Solving the Mystery of Galaxy Bulges and Bulge Substructure

Space Telescope Science Institute

AR

Models of Stellar Streams for Constraining Local Group Dynamics with Hubble Proper Motion Data

Farrah

Virginia Polytechnic Institute and State University

GO

A Case Study of an Extremely Luminous, Highly Spatially Extended Starburst only 1.7 Gyr after the
Big Bang

Harry

Ferguson

Space Telescope Science Institute

GO

Can Low-Luminosity Galaxies Reionize the Universe?

Travis

Fischer

NASA Goddard Space Flight Center

AR

Do AGN Outflows Support Negative Feedback?

David

Fisher

Swinburne University of Technology

GO

The Ages and Baryonic Masses of Clumps in Turbulent, Clumpy Disk Galaxies

Andrew

Fox

Space Telescope Science Institute

ESA

AR

The Mass Outflow Rate of the Milky Way

Andrew

Fox

Space Telescope Science Institute

ESA

GO

Properties of the Galactic Nuclear Wind at Low Latitudes

Andrew

Fruchter

Space Telescope Science Institute

GO

The Mystery of ASASSN-15lh

Shy

Genel

Center for Computational Astrophysics, Flatiron
Institute

AR

Understanding Galaxy Shapes across Cosmic Time Using the IllustrisTNG Simulation

Michael

Gladders

University of Chicago

SNAP

Anthony

Gonzalez

University of Florida

GO

Building the SPT-Hubble Legacy: Imaging Massive Clusters to z = 1.5
The Hubble Frontier Field MACS 1159.5+2223: Flanking Observations for Intracluster Light

Accepted Proposals
Ariel

Goobar

Stockholm University

ESA

GO

Michael

Gregg

University of California – Davis

Yicheng

Guo

University of California – Santa Cruz

AR

Dwarfs in the Deepest Fields at Noon: Studying Size and Shape of Low-Mass Galaxies out to z ~ 3
in Five Hubble Legacy Fields

Fred

Hamann

University of California – Riverside

GO

Does the Relativistic X-Ray Outflow Quasar PDS 456 Have the Fastest-Ever UV BAL at ~0.3c?

William

Harris

McMaster University

GO

The Perseus Cluster: Bridging the Extremes of Stellar Systems

Timothy

Heckman

The Johns Hopkins University

GO

Testing a New Method for Finding Leaky Galaxies: Implications for the Epoch of Reionization

Timothy

Heckman

The Johns Hopkins University

GO

The Hubble -pNFL program: Mapping the Fluorescent Emission of Galactic Outflows

Erin

Hicks

University of Alaska Anchorage

AR

Characterizing the Physical Mechanisms Driving Feeding and Feedback in Active Galaxies

Benne

Holwerda

University of Louisville Research Foundation, Inc.

GO

The UV Attenuation in Webb Target VV 191

Benne

Holwerda

University of Louisville Research Foundation, Inc.

GO

The Cluster Population of UGC 2885

Benne

Holwerda

University of Louisville Research Foundation, Inc.

GO

Dusty Dwarfs Galaxies Occulting a Bright Background Spiral

Jay

Howk

University of Notre Dame

GO

The CGM of Massive Galaxies: Where Cold Gas Goes to Die?

Yuri

Izotov

Ukrainian National Academy of Sciences, MAO

GO

Lyman-α Emission in Nearby Star-Forming Galaxies with the Lowest Metallicities and the Highest
[O III]/[O II] Ratios

Jason

Jaacks

University of Texas at Austin

AR

Simulating Pre-Galactic Metal Enrichment for Webb Deep-Field Observations

Linhua

Jiang

Peking University

GO

Spectroscopically Confirmed z > 6 Galaxies with Extremely Blue UV Slopes: Possible Pop IIIDominated Targets for Webb Spectroscopy

Sean

Johnson

Princeton University

GO

Spatially Resolved Rest-UV Spectroscopy of a Prototypical Quasar-Driven Superwind at Low-z

Sean

Johnson

Princeton University

GO

The First High-Resolution Image of Coronal Gas in a Starbursting Cool-Core Cluster

Sean

Johnson

Princeton University

SNAP

Tucker

Jones

University of California – Davis

GO

Accurate Emission-Line Diagnostics at High Redshift

Vikram

Khaire

Inter-University Centre for Astronomy and
Astrophysics

AR

Filling the Void: A Comprehensive Survey of the Intergalactic Medium at z ~ 1 Using STIS/COS
Archival Spectra

Tae-Sun

Kim

University of Wisconsin – Madison

AR

A COS Archival Survey for Proximate Absorbers at z ~ z (em) in AGN Spectra at z < 0.4

Chris

Kochanek

The Ohio State University

GO

Ultraviolet Spectroscopic Monitoring of a Tidal Disruption Event

Steven

Kraemer

Catholic University of America

GO

Characterizing Mass Outflows in Palomar Green Quasars: Evidence for AGN Feedback?

Yair

Krongold

Universidad Nacional Autónoma de México
(UNAM)

GO

Searching for the UV Counterpart of the Extraordinary X-ray UFO in the NLSy1 IRAS17020+4544

Kirsten

Larson

California Institute of Technology

GO

Clumpy Star Formation in Local LIRGS

Marie Wingyee

Lau

University of California – Santa Cruz

AR

Observing AGN Feedback Down-the-Barrel Using Associated Absorbers at z < ~ 1.5

Nicolas

Lehner

University of Notre Dame

GO

The AGN Impact on the Circumgalactic Medium of Cen A

Karen

Leighly

University of Oklahoma – Norman Campus

AR

What's in the Wind? Determining the Properties of Outflowing Gas in Powerful Broad Absorption
Line Quasars

Claus

Leitherer

Space Telescope Science Institute

AR

A New Probe of Dust Attenuation in Star-Forming Galaxies

SNAP

The Lens and Host Galaxy of the Multiply-Imaged Gravitationally Lensed SN Ia iPTF16geu
Snapshot Survey of the Globular Cluster Populations of Isolated Early-Type Galaxies

Unveiling Quasar Fueling through a Public Snapshot Survey of Quasar Host Environments

Accepted Proposals
AR

Unifying the Interstellar Extinction and Elemental Abundances: A Comprehensive Study of the
Dust Properties in Individual Interstellar Sight Lines

ESA

GO

Transport of Magnetic Fields into the Circumgalactic Medium

ESA

GO

Witnessing the Assembly of Galaxies in an Extended Gas-Rich Structure at z ~ 3.25

Smithsonian Institution Astrophysical Observatory

GO

Continued Long-Term Ultraviolet Spectroscopy of a Tidal Disruption Event at only 90 Mpc

Maksym

Smithsonian Institution Astrophysical Observatory

GO

Resolved BPT Mapping of Nearby AGN

Lucia

Marchetti

Open University

Michael

McCourt

University of California – Santa Barbara

AR

Towards an Understanding of the Origin of O VI in the Circumgalactic Medium

Michael

McDonald

Massachusetts Institute of Technology

GO

Revealing Thermal Instabilities in the Core of the Phoenix Cluster

Daniel

McIntosh

University of Missouri – Kansas City

AR

Mining CANDELS for Tidal Features to Measure Major Merging at Cosmic High Noon

Eileen

Meyer

University of Maryland, Baltimore County

GO

An Infrared Imaging Test of the IC/CMB Model for the Unusual Spectrum of AP Librae

Genoveva

Micheva

University of Michigan

GO

C III]1909 Imaging of Three Local Starbursts

Chris

Mihos

Case Western Reserve University

GO

Galaxies at the Extremes: Ultradiffuse Galaxies in the Virgo Cluster

Desika

Narayanan

University of Florida

AR

Modeling Dust Attenuation Laws in Galaxies with Cosmological Zoom Simulations

Anna

Nierenberg

The Ohio State University

GO

Testing CDM with the WFC3 Grism

Christopher

O'Dea

University of Manitoba

GO

The Co-Evolution of Star Formation and Powerful Radio Activity in Galaxies During Radio-Mode
Feedback

Goeran

Oestlin

Stockholm University

GO

Lyman-α and ISM Tomography of Haro 11

Benjamin

Oppenheimer

University of Colorado at Boulder

AR

H I and Low Metal Ions at the Intersection of Galaxies and the CGM

Jason

Prochaska

University of California – Santa Cruz

GO

ELGs in Absorption: Tracing the Cosmic Baryon Cycle from Noon 'til Dusk

Thomas

Quinn

University of Washington

AR

Cosmic Ray-Driven Outflows and the Structure of the CGM

Gordon

Richards

Drexel University

AR

Application of Independent Component Analysis to Legacy UV Quasar Spectra

Adam

Ritchey

Eureka Scientific Inc.

AR

Constructing a Phase Diagram for the Interstellar Medium through the Analysis of O I FineStructure Excitations

Justin

Roberts-Pierel

University of South Carolina Research Foundation

AR

Turning Gravitationally Lensed Supernovae into Cosmological Probes

Andrew

Robinson

Rochester Institute of Technology

GO

Andrew

Robinson

Rochester Institute of Technology

GO

Michael

Rodruck

The Pennsylvania State University

GO

David

Rosario

Durham University

Abhijit

Saha

National Optical Astronomy Observatory

Ruben

Sanchez-Janssen

Royal Observatory Edinburgh

Mischa

Schirmer

Gemini Observatory, Southern Operations

Aigen

Li

University of Missouri – Columbia

Simon

Lilly

Eidgenössiche Technische Hochschule (ETH)

Ruari

Mackenzie

Durham University

Walter

Maksym

Walter

ESA

ESA

ESA

ESA

SNAP

GO

SNAPshot Observations of the Largest Sample of Lensed Candidates in the Equatorial and Southern
Sky Identified with Herschel

Revealing the Circumnuclear Torus: Hubble Imaging of Active Galaxies Observed During a Spitzer
Reverberation-Mapping Campaign
Monsters on the Move: Confirming Gravitational Wave Recoiling Supermassive Black Hole
Candidates
Star Clusters in Tidal Debris: A UV Survey of Stellar Populations, Galaxy Interactions, and
Evolution
AGN Before and After: Towards a Balanced View of the Connection between Circumnuclear Gas
and Nuclear Black Hole Activity

GO

Extending the DA White Dwarf Spectrophotometric Network to the Southern Hemisphere

GO

Star Cluster Formation in Extreme Environments: An Isolated Pair of Closely Interacting Dwarf
Galaxies

GO

Low Redshift Lyman-α Blobs

Accepted Proposals
Nathan

Secrest

Naval Research Laboratory

GO

The Hubble View of Was 49b: An Overmassive AGN in a Merging Dwarf Galaxy?

J.

Shull

University of Colorado at Boulder

GO

Hot Photons: Measuring the Ionizing Continuum and EUV Emission Lines of Quasars

John

Silverman

University of Tokyo

GO

Emergence of the Supermassive Black Hole–Galaxy Mass Relations at z > 1

Robert

Simcoe

Massachusetts Institute of Technology

GO

Raymond

Simons

The Johns Hopkins University

AR

Daniel

Stark

University of Arizona

GO

Sabrina

Stierwalt

The University of Virginia

GO

Star Cluster Populations of Interacting Dwarf Galaxies

Ming

Sun

University of Alabama in Huntsville

GO

Spectacular Optical Filaments in the X-ray Brightest Group Cool Core

Nial

Tanvir

University of Leicester

GO

Identifying γ-ray Bursts at Very High Redshifts

Nicolas

Tejos

Millennium Institute of Astrophysics

GO

Pinpointing the Cosmic Web between Massive Galaxy Clusters

David

Thilker

The Johns Hopkins University

GO

Enabling Hubble UV Exploration of the Low Surface-Brightness Universe: A Pilot Study with the
WFC3 X Filter Set

Vithal

Tilvi

Arizona State University

GO

Confirmation of the Most Distant Quasar

Benny

Trakhtenbrot

Eidgenössiche Technische Hochschule (ETH)

GO

Testing the Relevance of Mergers and Environment for the Fastest Growing Black Holes in the Most
Intensely Star-Forming Galaxies

Tommaso

Treu

University of California – Los Angeles

GO

Probing the Dark Universe with Quadruply Imaged Quasars

Todd

Tripp

University of Massachusetts – Amherst

GO

Eleonora

Troja

University of Maryland

GO

Jonathan

Trump

University of Connecticut

GO

Ultraviolet Echoes of Quasar Accretion Disks

R.

Tully

University of Hawaii

GO

Local Void Reflex: IR TRGB Distances to Obscured Galaxies at the South Supergalactic Pole

Roeland

van der Marel

Space Telescope Science Institute

AR

Getting the σ in the MBH–σ Relation Right

Sylvain

Veilleux

University of Maryland

GO

Coordinated Far-Ultraviolet and Radio Observations of the Feedback Engine in Quasar Mrk 231

Jonelle

Walsh

Texas A & M University

GO

Addressing a Bias in the Galaxies with Black Hole Mass Measurements

Jessica

Werk

University of Washington

GO

Tracing Gas Flows from Halo to Disk: Observing the Milky Way's Galactic Fountain

Andrew

Wetzel

University of California – Davis

AR

Understanding the Physics of Gas Stripping and Star-Formation Quenching of the Satellite Dwarf
Galaxies in the Local Group

Thomas

Wevers

Radboud Universiteit Nijmegen

GO

ToO Observations of Fast-Evolving Tidal Disruption Events

Tommy

Wiklind

Catholic University of America

GO

Imaging the Lenses in the Quintuple Gravitational Lens PMN J0134-0931

Gillian

Wilson

University of California – Riverside

GO

The GOGREEN Survey: The Relationship between Quenching, Morphological Transformation, and
Size Growth of Satellite Galaxies

Gregory

Wirth

Battelle

AR

What Drives the Evolution of Luminous Compact Blue Galaxies in Clusters vs. the Field?

GO

Stars and Gas in the Most Metal-Deficient Galaxies in the Universe

GO

Hubble Imaging of the Eye of Horus, a Double Source Plane Gravitational Lens

Aida

Wofford

Kenneth

Wong

Universidad Nacional Autónoma de México, Obs.
Astron. Nac.
National Astronomical Observatory of Japan
(NAOJ)

ESA

ESA

ESA

Galaxies in the Diffuse Baryon Field Approaching Reionization: A Joint Study with Webb , Hubble ,
and Large Telescopes
Timing Thick Disk Formation: An Indirect Census of Stellar Kinematics to z ~ 2 from Legacy
Hubble Imaging
Extreme Wolf-Rayet Galaxies with Hubble /COS: Understanding C III] Emission in the
Reionization Era

Direct Constraints on the Temperature and Ionization of Low-Redshift O VI Absorbers from UltraHigh Resolution Spectroscopy of H1821+643
Identify the Signature of Neutron Star Mergers through Rapid Hubble Observations of a Short γray Burst

Accepted Proposals
Gabor

Worseck

Max-Planck-Institut für Astronomie, Heidelberg

Hassen

Yesuf

Fakhri

ESA

GO

Probing He II Reionization at z > 3.5 with Resolved He II Lyman-α Forest Spectra

University of California – Santa Cruz

AR

Interpreting Hubble UV Spectra of Galactic Winds Using Radiative Transfer of Hydrodynamic
Galaxy Simulations in yt

Zahedy

University of Chicago

GO

Resolving the Multiphase ISM of an Elliptical Galaxy at z ~ 0.4

Dennis

Zaritsky

University of Arizona

GO

Does Globular Cluster Formation Precede Galaxy Formation?

Yong

Zheng

Columbia University in the City of New York

GO

Mapping Gas Flows from the Disk to the Circumgalactic Medium

Jessica

Agarwal

Max Planck Institute for Solar System Research

GO

Orbital Period and Formation Process of the Exceptional Binary Asteroid System 288P

Tracy

Becker

Southwest Research Institute

GO

Stellar Occultation by Saturn's Rings in the UV

Tracy

Becker

Southwest Research Institute

GO

Constraining the Surface Composition of Europa with Spatially Resolved Mid-UV Spectra

Zach

Berta-Thompson

University of Colorado at Boulder

GO

The M Dwarf UV Spectra Irradiating Nearby Transiting Terrestrial Planets

Dolon

Bhattacharyya

Boston University

GO

Imaging the Extended Hot Hydrogen Exosphere at Mars to Determine the Water Escape Rate

Dolon

Bhattacharyya

Boston University

GO

Calibrating ACS-SBC Using STIS at Lyman-α (121.567 nm)

Vincent

Bourrier

Observatoire de Genève

GO

Search for an Evaporating Ocean on the Super-Earth HIP 116454b

Brendan

Bowler

University of Texas at Austin

GO

Rotation Periods and Cloud Dynamics of Directly Imaged Exoplanets

Christopher

Burke

SETI Institute

GO

Completing Kepler 's Mission to Determine the Frequency of Earth-like Planets

Kerri

Cahoy

Massachusetts Institute of Technology

GO

Imaging the Predicted Asteroid Belt Analogue around Epsilon Eridani

Ludmila

Carone

Max-Planck-Institut für Astronomie, Heidelberg

GO

Now You See Me—the WASP–117b Version

Elodie

Choquet

Jet Propulsion Laboratory

GO

Knicole

Colon

NASA Goddard Space Flight Center

GO

Imke

de Pater

University of California – Berkeley

GO

Giant Impacts on Giant Planets

Jean-Michel

Desert

Universiteit van Amsterdam

ESA

GO

The First Near-Infrared Reflectance Spectrum of an Exoplanet

Tom

Evans

University of Exeter

ESA

GO

An Exoplanet with a Stratosphere: Seeking the Unknown Absorber

Tom

Evans

University of Exeter

ESA

GO

A Global Map of Thermal Inversions for an Ultra-Hot Planet

Jay

Farihi

University College London

ESA

GO

A Detailed Study of Rocky Planetary Material in the Hyades

Luca

Fossati

Space Research Institute, Austrian Academy of
Sciences

ESA

GO

Kevin

France

University of Colorado at Boulder

GO

Richard

French

Wellesley College

GO

Boris

Gänsicke

The University of Warwick

Planetary
Programs
ESA

ESA

ESA

ESA

SNAP

Debris Disk Dust Characterization through Spectral Types: Deep Visible-Light Imaging of Nine
Systems
The KELT-11b Opportunity: Measuring the Atmospheric Water Abundance for a Sub-Saturn-Mass
Planet around a Metal-Rich Star

NUV Transit Spectroscopy of HD 189733b: Measuring the Mass-Loss and Ionization State of a
Prototypical Escaping Atmosphere
A Hubble Spectroscopic Study of Protoplanetary Disk Abundances: CO/H2 Conversion Factors and
Absolute Abundances for Webb
Unmasking the Dark Side of Iapetus
Extreme Evolved Solar Systems (EESS)

Accepted Proposals
Carol

Grady

Eureka Scientific Inc.

GO

The Nature of the Star-Grazing Bodies in a System at the Age of the Late Heavy Bombardment

Will

Grundy

Lowell Observatory

GO

Density of Transneptunian Object 229762 2007 UK126

Bryan

Holler

Space Telescope Science Institute

GO

The Rotation Period, Orbit, and Mass of Eris' Satellite Dysnomia

Edward

Jenkins

Princeton University

AR

An Archival Study of Atomic Constituents in Four Edge-on Debris Disk Systems

David

Jewitt

University of California – Los Angeles

AR

Disintegrating Comet 73P

David

Jewitt

University of California – Los Angeles

GO

Active Asteroids Target of Opportunity

David

Jewitt

University of California – Los Angeles

GO

Phaethon Near Earth

David

Jewitt

University of California – Los Angeles

SNAP

Christopher

Johns-Krull

Rice University

GO

A Survey for Molecular Hydrogen Emission around Stars Forming Terrestrial Planets

Daniel

Jontof-Hutter

University of the Pacific

GO

The Atmosphere of an Extremely Low-Density Super-Earth-Mass Planet

Paul

Kalas

University of California – Berkeley

GO

Validating Early Stellar Encounters as the Cause of Dynamically Hot Planetary Systems

J.

Kavelaars

National Research Council of Canada

GO

Laura

Kreidberg

Harvard University

GO

Laura

Kreidberg

Harvard University

GO

A Study of the UV Environment for Three Small Planets Transiting a Nearby M-Dwarf

Alain

Lecavelier des
Étangs

CNRS, Institut d'Astrophysique de Paris

GO

Metals from Deep Atmosphere to Exosphere in Hot-Jupiters

R. O.

Loyd

University of Colorado at Boulder

GO

Investigating an SPI and Measuring Baseline FUV Variability in the GJ 436 Hot-Neptune System

Carlo

Manara

European Space Agency – ESTEC

GO

Spectroscopic Characterization of a Newly Detected Young Planet Right Outside a Circumbinary
Transition Disk

Carl

Melis

University of California – San Diego

GO

Is SDSS J195750.83+340404.4 Accreting a Planetary Core?

Maxwell

Millar-Blanchaer

Jet Propulsion Laboratory

GO

Resolving the Late Planet Formation Stages around Young M-Stars

Pippa

Molyneux

Southwest Research Institute

GO

The UV Reflectance of Patroclus: Exploring the Surface Composition and Origins of Jupiter Trojans

Keith

Noll

NASA Goddard Space Flight Center

GO

Orbit of a Resolved Trojan Binary

Keith

Noll

NASA Goddard Space Flight Center

GO

Slow Rotating Trojans: Tidally Synchronized Binaries?

Keith

Noll

NASA Goddard Space Flight Center

GO

Deep Search for Satellites Around the Lucy Mission Targets

Alex

Parker

Southwest Research Institute

GO

The Moons of Kuiper Belt Dwarf Planets Makemake and 2007 OR10

Vivien

Parmentier

University of Arizona

GO

Cloudy Solutions to the Anomalous Emission of HD 80606b

Carl

Schmidt

Boston University

GO

Extreme Doppler Shifting of Io's Neutral Jets

Scott

Sheppard

Carnegie Institution of Washington

GO

A Satellite Search of a Newly Discovered Dwarf Planet

David

Sing

University of Exeter

GO

How Small and How High? Enabling UV Exoplanet Cloud and Exosphere Science with
WFC3/UVIS

Karl

Stapelfeldt

Jet Propulsion Laboratory

GO

Tracing Interactions of a Protoplanet with its Circumstellar Disk

ESA

ESA

ESA

Centaurs and Activity beyond the Water Sublimation Zone

Enabling Physical Studies of the Kuiper Belt via Hubble Tracking Observations of Close Fly-By
Targets for the New Horizons Spacecraft
Caught Red-Handed: A Novel Search for the Culprit behind Thermal Inversions in Exoplanet
Atmospheres

Accepted Proposals
Alex

Teachey

Columbia University in the City of New York

GO

Validating the Presence of a Moon Orbiting Kepler-1625b

Cristina

Thomas

Planetary Science Institute

GO

UV Spectroscopy of Lucy Mission Targets

Anne

Verbiscer

The University of Virginia

GO

The Pluto System in the Post-New Horizons Era: Opposition Effects, Rotations, and Orbital
Stability

Jason

Wang

University of California – Berkeley

GO

Probing the Young Circumplanetary Environment of Beta Pic b during Transit Egress

David

Wilson

The University of Warwick

GO

Post Common Envelope Binaries as Probes of M-Dwarf Stellar Wind and Habitable Zone Radiation
Environments

John

Wisniewski

University of Oklahoma – Norman Campus

GO

Super-Keplerian Motions in the AU Mic Circumstellar Debris System

Ian

Wong

California Institute of Technology

GO

An Observational Test of the Dynamical Instability Hypothesis in the Solar System

Siyi

Xu

European Southern Observatory – Germany

GO

Actively Disintegrating Astroids around a White Dwarf

Quan-Zhi

Ye

California Institute of Technology

GO

Active Asteroid (3200) Phaethon during its Unusually Close Approach to Earth

Marie

Ygouf

California Institute of Technology

GO

Revealing the Birth Environment of Circumbinary Exoplanets with STIS BAR5

Yifan

Zhou

University of Arizona

AR

Unleashing the Charges: An Improved Reduction of Key Exoplanet Datasets and a Tool for Ramp
Effect Correction

Marcel

Agüeros

Columbia University in the City of New York

GO

A UV Spectroscopic Survey of Periodic M Dwarfs in the Hyades

Marcel

Agüeros

Columbia University in the City of New York

SNAP

Alessandra

Aloisi

Space Telescope Science Institute

GO

The Epoch of the First Star Formation in the Closest Metal-Poor Blue Compact Dwarf Galaxy UGC
4483

Julian

Alvarado Gomez

Smithsonian Institution Astrophysical Observatory

GO

Weaving the History of the Solar Wind with Magnetic Field Lines

Jennifer

Andrews

University of Arizona

GO

Dwarfs and Giants: Massive Stars in Little Dwarf Galaxies

Iair

Arcavi

University of California – Santa Barbara

GO

What Type of Star Made the One-of-a-kind Supernova iPTF14hls?

Thomas

Ayres

University of Colorado at Boulder

GO

Ecliptic-Poles Stellar Survey (EclipSS)

Nate

Bastian

Liverpool John Moores University

ESA

GO

Pinpointing the Onset of Multiple Populations in Globular Clusters

Nate

Bastian

Liverpool John Moores University

ESA

GO

Extending the Search for Multiple Populations in Massive Intermediate-Age Clusters

Edo

Berger

Harvard University

GO

Fine-Tuned Search for Kilonova Emission in a Short γ-ray Burst: Implications for the Progenitors,
Advanced LIGO, and r -Process Nucleosynthesis

Gurtina

Besla

University of Arizona

AR

New Models of the Milky Way's Dark Matter Distribution for the Era of High-Precision Astrometry

William

Blair

The Johns Hopkins University

GO

Characterizing the Supernova Remnant Population of the Fireworks Galaxy, NGC 6946

John

Blakeslee

NRC Herzberg Institute of Astrophysics

GO

MASSIVE+: The Growth Histories of MASSIVE Survey Galaxies from their Globular Cluster Colors

Peter

Blanchard

Harvard University

GO

Constraining the Late-Time Light Curve Behavior of Three Diverse Superluminous Supernovae

Howard

Bond

The Pennsylvania State University

AR

Archival Investigation of Outburst Sites and Progenitors of Extragalactic Intermediate-Luminosity
Mid-IR Transients

Alexander

Brown

University of Colorado at Boulder

GO

Inner Disk Structure and Transport Mechanisms in the Transitional Disk around T Cha

ESA

ESA

Galactic Programs

A UV Spectroscopic Snapshot Survey of Low-Mass Stars in the Hyades

Accepted Proposals
Jeffrey

Carlin

Large Synoptic Survey Telescope

GO

Roger

Cohen

Space Telescope Science Institute

GO

Michelle

Collins

University of Surrey

Denija

Crnojević

Jeffrey

ESA

Testing Galaxy Evolution in Unexplored Environments: the First Faint Dwarf Satellites of Local
Volume LMC Analogs
Opening the Window on Galaxy Assembly: Ages and Dynamics of Inner Milky Way Globular
Clusters

GO

Unveiling the Formation of Andromeda XIX—A Uniquely Diffuse Local Group Galaxy

Texas Tech University

GO

Unveiling the Extreme Nature of the Hyper-Faint Galaxy Virgo I

Cummings

The Johns Hopkins University

GO

Boron in Hyades F Dwarfs—Tracing Deep Into the Li–Be Gap

Chris

D'Andrea

University of Pennsylvania

GO

Revealing the Environmental Dependence in Superluminous Supernovae Diversity

Nicola

Da Rio

University of Florida

GO

Towards High-Accuracy Tests on the Substellar IMF in Young Clusters—A Survey in NGC 2024

Matt

Darnley

Liverpool John Moores University

GO

The Super–Remnant of the Recurrent Nova M31N 2008–12a—A Signpost to Type Ia Supernovae?

Alexandre

David-Uraz

University of Delaware

GO

Mapping the Structure and Kinematics of NGC 1624-2's Giant Magnetosphere

Kris

Davidson

University of Minnesota – Twin Cities

GO

Eta Carinae's Change of State: The End Game

Annalisa

De Cia

European Southern Observatory – Germany

GO

What is the Metallicity of the Cool ISM in our own Galaxy?

Cody

Dirks

Northwestern University

GO

Probing CO-dark Gas within the Planck Galactic Cold Clumps

Tuan

Do

University of California – Los Angeles

GO

Building an Astrometric Reference Frame for Tests of General Relativity with Stellar Orbits at the
Galactic Center with Hubble and Gaia

Trent

Dupuy

University of Texas at Austin

GO

The Coolest Sample of Brown Dwarf Dynamical Masses

Meredith

Durbin

University of Washington

AR

Calibrating the Near-Infrared Tip of the Red Giant Branch with Multiwavelength Photometry

Scott

Engle

Villanova University

GO

The Secret Lives of Cepheids: Completing the Picture with Hubble -COS Observations of the Nearest
Classical Cepheids, Polaris and δ Cephei

Catherine

Espaillat

Boston University

GO

Connecting Mass Accretion and Ejection in Pre-Main-Sequence Stars

Annette

Ferguson

University of Edinburgh, Institute for Astronomy

ESA

GO

The Globular Cluster Systems of Local Group Dwarf Galaxies

Francesco

Ferraro

Università di Bologna

ESA

GO

Searching for Fossil Fragments of the Galactic Bulge Formation Process

Francesco

Ferraro

Universitàa di Bologna

ESA

GO

Pushing Ahead the Frontier of the Globular Cluster Dynamics: The 3D View of the Velocity Space

Robert

Fesen

Dartmouth College

GO

A Hubble Survey of Cassiopeia A's Reverse Shock, High-Velocity Ejecta, and Shocked Clouds of PreSN Mass Loss

Alex

Filippenko

University of California – Berkeley

Gaston

Folatelli

Universidad Nacional de La Plata (UNLP)

GO

The Progenitor of Supernova 2016gkg

Ryan

Foley

University of California – Santa Cruz

GO

Ultra-Rapid UV Spectroscopy of an Interacting Supernova Discovered by K2

Clemence

Fontanive

Royal Observatory Edinburgh

ESA

GO

Looking for the Coldest Atmospheres: a Search for Planetary Mass Companions around T and Y
Brown Dwarfs

Claes

Fransson

Stockholm University

ESA

GO

Imaging the Transition of SN 1987A to SNR 1987A

Jim

Fuller

California Institute of Technology

AR

Pre-supernova Properties of Progenitors Detected by Hubble

Boris

Gänsicke

The University of Warwick

GO

The Classical Nova Hibernation Scenario: A Definitive Confirmation

Peter

Garnavich

University of Notre Dame

GO

A Star at the Limit? – Direct Mass Measurement of the White Dwarf in Nova Herculis 1991

ESA

ESA

SNAP

ESA

Continuing a Snapshot Survey of the Sites of Recent, Nearby Supernovae: Cycles 25 and 26

Accepted Proposals
Peter

Garnavich

University of Notre Dame

GO

Karoline

Gilbert

Space Telescope Science Institute

GO

Paul

Goudfrooij

Space Telescope Science Institute

AR

Johnny

Greco

Princeton University

GO

Weighing Ultra-Diffuse Galaxies: Bridging the Environmental Gap

Michael

Gregg

University of California – Davis

AR

Serendipitous WFC3 Infrared Color Magnitude Diagrams of NGC 4472

Michael

Gregg

University of California – Davis

GO

Resolving Multiple Stellar Populations in G1

Cecile

Gry

Laboratoire d'Astrophysique de Marseille

GO

First Exploration of a Single Thermal Interface between the Two Dominant Phases of the
Interstellar Medium

Hans

Günther

Massachusetts Institute of Technology

GO

Testing Our Scenario of a Failed Wind for TW Hya

Graham

Harper

University of Colorado at Boulder

GO

Collecting the Missing Piece of the Puzzle: The Wind Temperatures of Arcturus (K2 III) and
Aldeberan (K5 III)

Patrick

Hartigan

Rice University

GO

Proper Motions, Shear, Mass-Loss Rates and C-Shocks in the HH 7-11 Jet

Marianne

Heida

California Institute of Technology

GO

Identifying the Donor Star of the Most Extreme ULX Pulsar

Griffin

Hosseinzadeh

Las Cumbres Observatory Global Telescope
Network

GO

The Mystery of a Supposed Massive Star Exploding in a Brightest Cluster Galaxy

Roberta

Humphreys

University of Minnesota – Twin Cities

GO

The Recent Mass-Loss History of the Red Hypergiant VY CMa

Myoungwon

Jeon

University of Arizona

AR

The Role of Environment in the SFHs and Gaseous Evolution of Ultra-Faint Dwarf Galaxies across
Cosmic Time

Saurabh

Jha

Rutgers the State University of New Jersey

GO

Left Behind: A Bound Remnant from a White Dwarf Supernova?

Simon

Joyce

University of Leicester

GO

Resolving the Discrepancy in the Mass Determination from the Gravitational Redshift of Sirius B

Jason

Kalirai

Space Telescope Science Institute

GO

Linking Dynamical and Stellar Evolution in the Metal-Poor Globular Cluster M92

Mansi

Kasliwal

California Institute of Technology

GO

Unveiling Curious Infrared Transients with Hubble and Webb

Mansi

Kasliwal

California Institute of Technology

GO

Verifying a Candidate Counterpart to Gravitational Waves

Chris

Kochanek

The Ohio State University

GO

Confirming the Formation of a Black Hole

Shrinivas

Kulkarni

California Institute of Technology

GO

Caught in the Act: UV Spectroscopy of the Ejecta-Companion Collision from a Type Ia Supernova

Søren

Larsen

Radboud Universiteit Nijmegen

ESA

GO

Initial Conditions of Multiple Populations in the Dynamically Most Pristine Globular Cluster, NGC
2419

Andrew

Levan

The University of Warwick

ESA

GO

Rapid Observations of the First Gravitational Wave Counterparts

Andrew

Levan

The University of Warwick

ESA

GO

From the Longest GRBs to the Brightest Supernovae

Andrew

Levan

The University of Warwick

ESA

SNAP

Jeffrey

Linsky

University of Colorado at Boulder

AR

Model Atmospheres and Spectral Irradiance Library of the Exoplanet Host Stars Observed in the
MUSCLES Survey

Jamie

Lomax

University of Washington

GO

High Fidelity Imaging of a Red Supergiant's Circumstellar Material

Ragnhild

Lunnan

California Institute of Technology

GO

Resolving the Connection Between Superluminous Supernovae and Star Formation in Dwarf
Galaxies

Derck

Massa

Space Science Institute

GO

Origin of the High-Velocity Gas in NGC 6231

ESA

ESA

Watching Supernovae Explode: The K2 Supernova Experiment
Securing Hubble 's UV Legacy in the Local Volume: Probing Star Formation and the Interstellar
Medium in Low-Mass Galaxies
Looking for Photometric Signatures of Fast Rotation in Intermediate-Age Star Clusters in the
Magellanic Clouds

The Counterparts and Environments of Magnetars

Accepted Proposals
Kristen

McQuinn

University of Texas at Austin

GO

The Leoncino Dwarf: The Lowest Metallicity Star-Forming Galaxy in the Nearby Universe

Tom

Megeath

University of Toledo

GO

The 6 pc DASH: A WFC3 1.6 micron Survey of the Orion Integral Shaped Filament

Brian

Metzger

Columbia University in the City of New York

AR

The Role of Shocks in the Appearance and Aftermath of Stellar Mergers and Type IIn Supernovae

Matteo

Monelli

Instituto de Astrofísica de Canarias

GO

A Challenge to dSph Formation Models: Are the Most Isolated Local Group dSph Galaxies Truly
Old?

Jeremiah

Murphy

Florida State University

AR

Constraining Core-collapse Supernova Theory Predictions with 400 Progenitor Masses

Peter

Nemeth

Astroserver.org

ESA

GO

Constraining the Binary Properties of 2M1938+4603 with Irradiated Stellar Atmospheres

Brunella

Nisini

INAF, Osservatorio Astronomico di Roma

ESA

GO

Probing Jets from Young Embedded Sources

Jason

Nordhaus

Rochester Institute of Technology

AR

Unveiling Hidden Companions in Post-AGB Stars: 3D-Simulations of Evolved Star Binaries

Lida

Oskinova

Universität Potsdam

ESA

GO

The Low-Metallicity Starburst NGC 346: Massive-Star Population and Feedback

Anna

Pala

The University of Warwick

ESA

GO

Unveiling the Mysterious Nature of the Cataclysmic Variable SDSS J153817.35+5123238.0

Ruth

Peterson

SETI Institute

GO

Astrophysics Meets Atomic Physics: Fe I Line Identifications and Templates for Old Stellar
Populations from Warm and Hot Stellar UV Spectra

Imants

Platais

The Johns Hopkins University

GO

The Low-Mass Stellar Initial Mass Function: Ultra-Faint Dwarf Galaxies Revisited

John

Raymond

Smithsonian Institution Astrophysical Observatory

GO

Instabilities and Turbulence in a Cygnus Loop Shock Front

Bo

Reipurth

University of Hawaii

GO

Luminous Herbig-Haro Objects from a Massive Protostar: The Unique Case of HH 80/81

Megan

Reiter

University of Michigan

AR

Do Stellar Clusters Form Fewer Binaries? Using Moderate Separation Binaries to Distinguish
between Nature and Nurture

Adam

Riess

The Johns Hopkins University

GO

DASHing through the LMC and M31: Towards 1% Distances

Ian

Roederer

University of Michigan

AR

A New Test of Copper and Zinc Abundances in Late-Type Stars Using Cu II and Zn II lines in the
Near-Ultraviolet

Elena

Sabbi

Space Telescope Science Institute

GO

The fate of NGC 602, an Intense Region of Star-Formation in the Wing of the SMC

Raghvendra

Sahai

Jet Propulsion Laboratory

GO

Star-Formation in Free-Floating Evaporating Gaseous Globules

Raghvendra

Sahai

Jet Propulsion Laboratory

GO

High-Speed Bullet Ejections during the AGB to Planetary Nebula Transition: A Study of the Carbon
Star V Hydrae

Kailash

Sahu

Space Telescope Science Institute

GO

Detecting Isolated Black Holes through Astrometric Microlensing

David

Sand

Texas Tech University

GO

The Origin of Ultra-Faint Galaxies

David

Sand

Texas Tech University

GO

An Emerging Population of Stripped, but Isolated, Stellar Systems in the Virgo Cluster

Adam

Schneider

Arizona State University

GO

Unobstructed Observations of the Intrinsic Lyman-α Emission of Low-Mass Stars

Christian

Schneider

Universität Hamburg, Hamburger Sternwarte

GO

The Extremes of Protostellar Jets: Resolving the Hot Jet of Sz 102

Edward

Sion

Villanova University

GO

The SN Ia Candidate T Pyxidis: Is the Accretion Rate Declining?

Linda

Smith

Space Telescope Science Institute

GO

Very Massive Stars in the Local Universe

Nathan

Smith

University of Arizona

GO

Imaging Shock Fronts in the Outer Ejecta of Eta Carinae

Roberto

Soria

Curtin University

GO

Age and Mass of the Star Cluster around the Intermediate-Mass Black Hole HLX-1

ESA

ESA

ESA

Accepted Proposals
Jan

Staff

University of the Virgin Islands

Letizia

Stanghellini

National Optical Astronomy Observatory

Nao

Suzuki

Institute for Physics and Mathematics of the
Universe

Nial

Tanvir

University of Leicester

Schuyler

Van Dyk

Schuyler

AR
SNAP

3D Magneto-Hydrodynamic Simulations of Disk Winds from Massive Protostars
Carbon in Dusty, Compact Galactic Planetary Nebulae: A Study of AGB Evolution and Recycling in
the Milky Way

GO

Perfect Blackbody Spectra for Webb and Next Generation UV-Opt-IR Standard Star Network

GO

r -process Kilonovae, Short-Duration GRBs, and EM Counterparts to Gravitational Wave Sources

California Institute of Technology

GO

Finally, the Progenitor of the Type Ib iPTF13bvn

Van Dyk

California Institute of Technology

GO

The Stellar Origins of Supernovae

Laura

Watkins

Space Telescope Science Institute

AR

A Unified Picture of Mass Segregation in Globular Clusters

Dan

Watson

University of Rochester

GO

The Jets and Shocks of NGC 1333: A Large WFC3 Mosaic of [Fe II] and H I Line Emission

Daniel

Weisz

University of California – Berkeley

AR

Measuring the High-Mass IMF in Low-Metallicity Dwarf Galaxies

Brian

Williams

Space Telescope Science Institute

GO

Measuring the Deceleration of a Supernova Remnant Shock Wave Using High-Precision Astrometry

Brian

Wood

Naval Research Laboratory

GO

Characterizing the Winds of M-Dwarf Stars

Allison

Youngblood

University of Colorado at Boulder

GO

Measuring the Intrinsic Lyman-α Profiles of High-Velocity G, K, and M dwarfs

Gary

Ferland

University of Kentucky

AR

Garth

Illingworth

University of California – Santa Cruz

AR

Luigi

Bedin

Osservatorio Astronomico di Padova

David

Bowen

Hsiao-Wen

ESA

AR Legacy
Programs
Plasma Simulations that Meet the Challenges of Hubble and Webb Active Nuclei and Starburst
Observations
Completing the Legacy of Hubble 's Wide/Deep Fields: An Aligned Complete Dataset of 1220 Orbits
on the GOODS-N/CANDELS-N Region

Large Programs
GO

The End of the White Dwarf Cooling Sequence of NGC 6752

Princeton University

GO

How Do Inflows and Outflows from Galaxies Create Their Inner Circumgalactic Medium?

Chen

University of Chicago

GO

COS Ultraviolet Baryon Survey (CUBS)

Ian

Crossfield

University of California – Santa Cruz

GO

The Atmospheric Diversity of Mini-Neptunes in Multi-Planet Systems

Julien

de Wit

Massachusetts Institute of Technology

GO

Collecting the Puzzle Pieces: Completing Hubble 's UV+NIR Survey of the TRAPPIST-1 System
ahead of Webb

Adam

Kraus

University of Texas at Austin

GO

The IMF to Planetary Masses across the Milky Way

Adam

Riess

The Johns Hopkins University

GO

The Hubble Constant to 1%: Physics beyond ΛCDM

Alice

Shapley

University of California – Los Angeles

GO

The Path Forward for Lyman-Continuum Studies at z ~ 3

Michele

Trenti

University of Melbourne

GO

The Brightest Galaxies in the First 700 Myr: Building Hubble 's Legacy of Large-Area IR Imaging for
Webb and Beyond

Treasury Programs

ESA

Accepted Proposals
Cynthia

Froning

University of Texas at Austin

GO

Rolf

Jansen

Arizona State University

GO

Charles

Steinhardt

University of Copenhagen, Niels Bohr Institute

Trilling

Northern Arizona University

ESA

The Mega-MUSCLES Treasury Survey: Measurements of the Ultraviolet Spectral Characteristics of
Low-Mass Exoplanetary Systems
UV-Visible Imaging of the Webb NEP Time-Domain Field: The Best Extragalactic Survey Field
Always Accessible to Webb

GO

BUFFALO

GO

A Pure Parallel Survey of the Colors of Small Trans-Neptunian Objects to Constrain the Collisional
History of the Outer Solar System

Pure Parallel
Programs
David

Using Gravity to Measure the Mass of a Star
Kailash C. Sahu, ksahu[at]stsci.edu

Abstract
In a reprise of the famous 1919 solar eclipse experiment that confirmed Einstein's general relativity,
the nearby white dwarf, Stein 2051 B, passed very close to a background star in March 2014. As
Stein 2051 B passed by, the background star's position was relativistically deflected. The superb
angular resolution of Hubble allowed us to measure this deflection—the first such measurement of
the deflection caused by a star beyond the solar system—and thereby determine the mass of Stein
2051 B. This mass measurement confirms the physics of degenerate matter, and provides a new
tool to determine the masses of isolated stars.

Measuring mass through relativistic deflection
One of the key predictions of general relativity set forth hundred years ago by Einstein was that the
curvature of space near a massive body causes a ray of light passing near it to be deflected by twice
the amount that would be expected based on classical Newtonian gravity (Fig. 1). The first
observation of this phenomenon came during the total solar eclipse of 1919, providing one of the
first convincing proofs of general relativity. Yet, despite 100 years of technological advances, this
phenomenon had not been observed beyond the solar system—not surprisingly, because the
deflections are so tiny. Even for the nearest stars, the angular deflection is two to three orders of
magnitude smaller than the deflection of 1.75 arcsec measured during the 1919 solar eclipse.
The relativistic deflection depends on the mass of the deflecting object (lens), the angular
separation between the lens and the source, and the parallactic distance of the lens with respect to
the source. Since the angular separation and the paralactic distance can be measured accurately, the
relativistic deflection provides a direct measure of the lens mass. Unlike classical methods involving
binaries, this method can be applied to mass measurements for single stars.

Predicting close encounters of the stellar kind
Close passages of stars in front of background stars, however, are very rare. So we carried out a
large-scale search for such events in which nearby stars with large proper motions (PMs) would
pass closely in front of background sources. One of the most interesting predicted events was a
close passage of the nearby white dwarf (WD) star Stein 2051 B in front of an 18 th magnitude
background star. We estimated that the closest encounter would occur during March 2014, with an
impact parameter of 0.1 arcsec. Actual measurement of such a deflection, especially so close to the
glare of the bright foreground star, is challenging but within the capabilities of the instruments on
the Hubble Space Telescope.

Figure 1: A shematic representation of the relativistic bending of light. The curvature of space near
the white dwarf bends the light rays from the distant star, causing an apparent shift in the position
of the distant source.

The cool and nearby white dwarf Stein 2051B
Stein 2051 is a nearby visual binary whose fainter (V = 12.4) but more-massive component, Stein
2051 B, is the sixth nearest white dwarf at a distance of 5.2 pc. The brighter, 11th-magnitude
companion, Stein 2051 A, is a low-mass, main-sequence star of spectral type M4. The angular
separation between the two components is currently ~10.1arcsec.
The actual mass of Stein 2051 B has been a matter of debate. Photographic observations extending
back to 1908 have been used to measure orbital motion, from which the mass of B was estimated to
be 0.50 Mʘ. To explain its observed radius, such a low mass would require the WD to have an iron
core, which would be in conflict with normal theory of stellar evolution. Moreover, a WD cooling
age of ~2.0 Gyr derived for Stein 2051 B, combined with the implied long main-sequence lifetime of
the progenitor of a low-mass WD, would give the system a total age uncomfortably close to the age
of the Universe.
Measuring Deflections with Hubble
We imaged the field of Stein 2051 with the Wide Field Camera 3 at eight epochs between October
2013 and October 2015 as shown in Figure 2 (Sahu et al. 2017). The figure shows a color image of
the region around Stein 2051 B, created by superposing F606W and F814W frames at the first
epoch. The path of the WD past the source, due to PM and parallax, is depicted by the wavy line.
Closest approach to the source star occurred on 5 March 2014, at an angular separation of 103
milliarcsec. We used the observations at all eight epochs to determine the parallax and PM of the
WD, and observations at 4 epochs for the deflection analysis.

Figure 2: Hubble Space Telescope image showing the close passage of the nearby white dwarf Stein
2051 B in front of a distant source star. The path of Stein 2051 B across the field due to its proper
motion towards south-east combined with its parallax due to the motion the Earth around the Sun,
is shown by the wavy cyan line. The source is also labelled.
Figure 3 plots the measured source positions at the four epochs we analyzed, showing the
relativistic deflections, to which we performed a model fit. The resulting fitting parameters indicate
an Einstein ring radius of θE = 31.53 ± 1.20 mas, corresponding to a mass of 0.675 ± 0.051 Mʘ.

Mass of Stein 2051 B and the MRR
Most stars end their lives as WDs—as will the Sun—and then slowly cool. Composed of degenerate
matter, WDs are expected to obey a mass-radius relation (MRR) such that, as the mass of the WD
increases from ~0.5 Mʘ to the Chandrasekhar limit of ~1.4 Mʘ, its radius decreases approximately
as the inverse cube root of its mass. However, observational confirmation of MRR is rare since the
vast majority of WD masses cannot be measured directly, but have to be inferred using theoretical
models.

Figure 3: Our measured and the model positions of the background source as a function of Time.
Solid diamonds show the undeflected positions. The measured deflected positions are plotted as
filled black circles, their mean at each epoch is shown as a diamond. The model fit (solid purple
curve) has an Einstein ring radius of 31.53 milliarcsec.
Our direct measurement of the mass of Stein 2051 B provides a direct confirmation of the
theoretical MRRs. The location of Stein 2051 B in the MRR is plotted in Figure 4, which shows an
excellent agreement with the theory. For comparison, the MRR for zero-temperature WDs with iron
cores is also shown, which is excluded by our measurement, thus putting the 100-year old debate to
rest.

Future Prospects
The single most important physical parameter of a star is its mass. The mass of a star dictates its
temperature, radius, luminosity, lifetime, and ultimate fate. Yet, we do not have a modelindependent method to measure the mass of a single star. The method described here provides a
direct, model-independent method, in those favorable cases of a nearby star fortuitously passing
close in front of a background source. Unlike classical methods involving binaries, this method can
be applied to mass measurements for single stars. We have another ongoing Hubble program to
measure the mass of the nearest star, Proxima Centauri, using this method. Finally, there are
several future missions, such as Gaia, LSST and Webb, which will have sufficient astrometric
accuracy to perhaps provide direct measurements of many single stars through this method.

Figure 4: Mass-radius relation for Stein 2051 B and only three other nearby white dwarfs in visual
binaries for which the masses have been independently determined. The black curve is a theoretical
mass-radius relation for carbon-oxygen core white dwarfs with the parameters of Stein 2051B. The
mass of Stein 2051 B inferred from the astrometric microlensing, 0.675 ± 0.051 Mʘ, falls right on the
theoretical MRR, thus providing a confirmation of the theory of white dwarfs.
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Highlights from the Operations and
Engineering Division
Tony Krueger, krueger[at]stsci.edu

Overview of OED
The Operations and Engineering Division (OED) provides products and services for the ground
system for NASA missions. Our engineering and operations staff continue to support the Hubble
Space Telescope ground system, which includes planning/scheduling, commanding, data processing,
archive ingest and archive distribution. With the approaching launch of the James Webb Space
Telescope, we are very busy preparing the Webb ground system for commissioning and operational
use. Supporting Webb will include support for many of the technical domain areas we currently
support for Hubble. We will also provide flight operations in the Mission Operations Center for
Webb. We recently began planning the ground system for the Wide-Field Infrared Survey Telescope
(WFIRST).

Multimission Strategy
Many of our products and services are designed and maintained as multi-mission products and
services. This approach provides synergy between our missions, keeps the products and services
modern, and builds upon operational experiences. Our product and service teams consist of a
multidisciplinary group of staff whose skills are shared by all our missions. We are also a multigenerational workforce, which provides a diverse set of ideas and experiences. Our experience and
skills range from staff who worked on Hubble prior to launch (i.e., prior to 1990) and staff just
starting their career experiencing the excitement of preparing for a Webb launch.
As an engineering/operations team, we strive to produce high-quality products and services that
enable science discoveries and expand the frontiers of space astronomy. We are excited and look
forward to what the future brings.

WFIRST and the Astronomical Landscape of
the 2020s
D. Law, dlaw[at]stsci.edu, M. S. Peeples, molly[at]stsci.edu, and K. M. Gilbert, kgilbert[at]stsci.edu

Abstract

The Wide Field Infrared Survey Telescope (WFIRST), a NASA mission in formulation for launch in the
mid-2020s, will provide a powerful tool for exploration and discovery. In June 2017, the Institute
hosted a workshop that brought together scientists interested in exploring the big questions in
astrophysics that will be addressed by WFIRST and other major astronomical facilities of the 2020s.
Opportunities for synergies between the facilities of the next decade were identified over a broad
range of astrophysics.

WFIRST at the Institute
WFIRST will provide fundamental new constraints on our understanding of dark energy and extrasolar planets, as well as many topics in general astrophysics. WFIRST will have a 2.4-meterdiameter primary mirror and will carry two instruments: a Wide Field Instrument (WFI), which will
obtain photometry and spectra in the near-infrared (0.5–2.0 microns) with a field of view 100 times
that of Hubble, and a Coronagraph Instrument (CGI) which will operate in the 0.4–1.0 micron range
and reach contrast levels several orders of magnitude better than currently reached with groundor space-based observatories. WFIRST will combine dedicated surveys with a Guest Observer
program. Both the surveys and Guest Observer programs will provide a wealth of data for archival
Guest Investigator programs.
The Institute is one of the Science Operations Centers for WFIRST. The Institute will schedule and
archive all WFIRST observations, and will calibrate and produce pipeline-reduced data products for
the WFI (www.stsci.edu/wfirst). Additional WFIRST information can be found on the websites of
our partners at GSFC (wfirst.gsfc.nasa.gov/) and IPAC (wfirst.ipac.caltech.edu/).

Future Synergies with WFIRST
In June 2017, the Institute hosted a meeting dedicated to exploring the scientific reach of WFIRST in
the evolving astronomical landscape. At this conference, Astronomy in the 2020s: Synergies with
WFIRST (stsci.edu/~dlaw/WFIRST2020s/), participants spent three days discussing how today’s
cutting-edge topics are likely to evolve over the next ten years, and the best ways for WFIRST to
work with other astronomical facilities to answer scientific questions. It was clear from these talks
and conversations that WFIRST’s power lies not only in its novel design and survey strategies, but
also in how its wealth of data will leverage new capabilities and complement its contemporary
observatories.

An overarching theme from the meeting was that astronomy in the 2020's will have a high demand
for systematic spectroscopic follow-up of sources detected photometrically by large-area imaging
surveys such as WFIRST, the Large Synoptic Survey Telescope (LSST), and Euclid. Although the
spectroscopic capabilities of WFIRST are considerable, there will be a strong need for a largeaperture Webb and/or Extremely Large Telescope (ELT) follow-up of individual objects ranging
from spectroscopic confirmation of redshift z = 10–15 galaxy candidates (as discussed by Rychard
Bouwens) to metallicities of microlensing events (as discussed by Scott Gaudi). Likewise, Leonidas
Moustakas pointed out that while strong gravitational lenses in galaxy clusters will be found in

WFIRST's High Latitude Survey, high signal-to-noise spectroscopy from ground-based ELTs will be
critical to determining the 3-d structure of these lens systems and maximizing their efficacy for
learning about cosmology or the properties of the magnified background images. More broadly,
massively-multiplexed, large area, moderate-to-high resolution spectroscopic follow-up of entire
classes of new and exciting objects will also be a crucial aspect of astronomy in the 2020s. Although
this general need has been recognized for some time, this meeting marked progress towards a
potential practical implementation in the form of the Southern Spectroscopic Survey Instrument
(SSSI) as discussed by Jeff Newman.
In the era of precision cosmology, systematics are the limiting factor in dictating the uncertainties
of key cosmological parameters. The 2000s have shown us that the best constraints on these
parameters combine multiple different methods. Supernova surveys (from the WFIRST Supernova
Survey and LSST), weak gravitational lensing and baryon acoustic oscillation measurements (from
the WFIRST High Latitude Survey, LSST, Euclid, and the Dark Energy Spectroscopic Instrument;
DESI), and cosmic microwave background measurements from Planck will place different
constraints on cosmological growth and structure. LSST project scientist Zeljko Ivezic pointed out
that three of the major dark-energy focused surveys of the 2020s are highly complementary: the
space-based WFIRST and Euclid will excel in image quality/depth and image quality/area
respectively, while LSST will excel in depth/coverage area.
The cosmological surveys of the 2020s will largely be executing similar experiments from
observations in overlapping fields. A potentially powerful possibility that was discussed by Peter
Melchior is that of joint pixel processing, in which data from different facilities is jointly processed
at the raw pixel-level (as opposed to the final catalog level) using probabilistic algorithms. Weak
gravitational lensing measurements would benefit by calibrating out systematics owing to PSF
variations and local optical distortions of different instruments. Such low-level data analysis
coordination would have wide-ranging benefits, from aiding strong gravitational lens modeling to
establishing priors on photometric deblending positions for exoplanet microlensing
observations. Despite the potential strengths of such joint processing, the workshop identified
significant challenges facing its implementation since it lies outside the funded mandate for each
individual survey. Progress will require early coordination between involved parties
encompassing data access, storage formats, and funding streams.
There was general agreement on the utility of overlap between WFIRST and Webb. Although
WFIRST will only see to about the same depth as Hubble, its 100𝗑 larger area will allow us to catalog
millions of galaxies out to z ~ 6 and beyond. With its enormous, but deep, extragalactic surveys,
WFIRST will be ideal for finding targets suited for spectroscopic follow-up with Webb, such as
supernovae and the brightest galaxies at the epoch of reionization. The redder wavelengths
accessible with Webb will start to fill in and spectroscopically confirm the fainter galaxies in the
cosmic web.
More locally, synergies with WFIRST have already begun: as shown by Robyn Sanderson, with
Hubble providing a long baseline and Gaia offering a strong astrometric reference frame, WFIRST
proper motions and ELT-based radial velocities will be able to constrain the 3-d motion of stars in
the Milky Way and the Local Group, enabling the discovery and characterization of new halo
substructures out to hundreds of kiloparsecs.

It was evident at the conference that the WFIRST coronagraph will have natural synergies with
"narrow field" facilities from the ground. Al Wootten specifically called out the revolutions being
made in the fields of protoplanetary disks with Atacama Large Millimeter/submillimeter Array
(ALMA), which can now resolve individually cleared lanes in protoplanetary disks. In combination
with WFIRST coronagraphic observations, this promises to greatly expand our understanding of the
formation and evolution of planetary systems.
Videos of presentations from the conference Astronomy in the 2020s: Synergies with WFIRST,
including those mentioned above, can be found in the Institute's webcast archive.

Summary
While WFIRST is powerful on its own, the takeaway message from the Astronomy in the 2020s
meeting is that the power of any individual observatory can be magnified when combined and
coordinated with the other major astronomical facilities of the 2020s. The challenge that lies before
us now is to identify those areas in which it overlaps and complements other facilities, and design
our programs, pipelines, and data archives in a manner that best leverages those synergies.
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STUC Report: October 2017
I. Neill Reid, inr[at]stsci.edu

Abstract
The Space Telescope Users Committee (STUC) is the primary avenue for communication between
the Hubble Space Telescope program and the user community. The committee meets twice a year.
The present article summarizes the main topics discussed in Fall 2016 and Spring 2017.

Recent Events
The STUC met at the Institute on October 20 and 21, 2016 and May 4 and 5, 2017. The committee
considered a number of issues:
•

•

•

•

Hubble and Webb: the STUC discussed the funding of Hubble proposals in the context of the
upcoming operations of the James Webb Space Telescope (JWST or Webb). The committee
noted that Hubble is currently highly productive and scientifically complements Webb. They
strongly endorsed healthy funding of Hubble General Observer (GO) and Archive (AR)
programs in the future. They also recommended that the Institute establish good
communications between the STUC and the JWST Users Committee (JSTUC), which has its
first meeting on September 2017. There are clearly strong synergies between both missions
that should be exploited to the highest degree possible. The STUC agreed that Hubble’s
current orbit distribution among small, medium and large proposals would be appropriate
for the initial cycle(s) of Webb observations, but noted that this would be an issue that
might merit active reconsideration in the future.
Long-term operations of the Cosmic Origins Spectrograph (COS): the COS far-ultraviolet
(FUV) detector becomes depleted through use, leading to significantly decreased sensitivity
at specific locations. In other respects, COS is functioning nominally and offers the
possibility of extensive use into the 2020s. With that in mind, the STUC discussed options
for maximizing the scientific impact over an extended lifetime. The STUC endorsed the
Hubble Mission Office study that recommended a hybrid approach that supports a limited
number of operational configurations in the short term, limiting detector damage, coupled
with the future option of developing a new detector location (LP5) and/or returning to past
positions. Under the revised operating procedures, COS retains the full range of science
capabilities at the expense of some reduction of efficiency in some modes, with an
expectation that FUV observations can be etended through 2023.
Proposal selection systematics: the STUC has been closely involved in monitoring the
analysis of systematic factors in proposal success as a function of Principal Investigator (PI)
gender originally identified in 2014. The committee has been supportive of the actions that
have been taken to shift the focus in the submitted proposal from the PI to the proposal
team and to anonymize the proposal submission process. The committee encourages
maintaining the modifications in the proposal format, with an increased focus on well
defined review criteria throughout the proposal review. The STUC is highly supportive of
involving external expert consultants in the proposal review.
Proprietary time: the committee recognized that more rapid data access can impact the
scientific productivity of Hubble in its final years. Consequently, the STUC re-stated their

support for setting a default proprietary period of six months for small and medium
programs.
Full details on the committee’s recommendations are given in the meeting reports, linked from the
Hubble STUC website, www.stsci.edu/institute/stuc.

Personnel Changes
Professors Hsiao-Wen Chen (Chicago) and Jenny Greene (Princeton) rotated off the STUC following
the May 2017 meeting, Hsiao-Wen stepping down as chair. We thank them both for their service.
Professor Keren Sharon (Michigan) takes over as chair, and Professor Rupali Chandar (U. Toledo)
will be joining the STUC at the next meeting, which will be held on November 6 and 7, 2017. The full
committee membership is linked from the Hubble website,
www.stsci.edu/institute/stuc/membership.

Community Missions Office Update for
October 2017
Jason Tumlinson, tumlinson[at]stsci.edu

Abstract
The Community Missions Office is STScI's home for missions where the Institute provides support
for data archives, Calls for Proposals, conducting Peer Review, observation scheduling, calibration,
pipeline processing, mission planning, and also for future mission development. Through CMO, the
Institute can apply skills and lessons from its long experience operating Hubble, and with helping to
develop Webb, to benefit smaller missions based at other institutions. In this role we organize and
manage the work of the engineering branches and act as the scientific interface to the larger
project.
Over the last year, CMO's major efforts have been devoted to supporting the PanSTARRS archive
and NASA's forthcoming TESS mission. CMO has also been involved with the concept study of the
"Large UV/Optical/Infrared Surveyor," or LUVOIR.

TESS
The launch of NASA's Transiting Exoplanet Survey Satellite is currently targeted for March 2018.
MAST will host the TESS data archive and we look forward to fully integrating this exciting mission
into the range of space missions' data currently curated by MAST. All the TESS primary data and
data products will be archived and available for retrieval. In addition, there are a number of
ancillary resources in support of TESS that will be of interest to the community. The TESS Input
Catalog is already available from MAST. Version TIC-5 contains information on ~700 million stars
and extended sources. More information about TESS and its expected data products is available at
archive.stsci.edu/tess/.
The development work on the primary archive for TESS is progressing well, with full MAST
involvement in ongoing ground system testing activities, and the telescope's archive in MAST will
be fully operational by the time TESS launches. In addition to data products familiar to observers
who use Kepler, such as light curves and data validation files, TESS will return full-rame images of
huge swaths of the sky on a 30-minute cadence. MAST anticipates a great deal of interest in this
astronomical resource, and is laying the groundwork for observers to access these data effectively
and efficiently.

PanSTARRS
Pan-STARRS (The Panoramic Survey Telescope & Rapid Response System) is an innovative widefield imaging facility developed at the University of Hawaii's Institute for Astronomy. The PanSTARRS1 telescope (PS1) scanned the sky from 2010 through 2014 from the summit of Haleakala,
Maui, Hawaii. With a 1.4 billion pixel camera and a 7 square degree field of view, PS1 repeatedly
surveyed the 75% of the sky (3π steradians) visible from Hawaii in five visible and near-IR
passbands: g (475 nm), r (625 nm), i (775 nm), z (850 nm) and y (980 nm). The reduced images and
associated database were released to the public via the Institute's Mikulski Archive for Space
Telescopes in December 2016. This first release (DR1) included the deep, combined stacked image

products from the 3π survey along with ancillary data including exposure time maps. The primary
DR1 component is the static sky 3π survey object catalog, which contains photometric information
and astrometry for almost 2 billion astronomical objects. Public access to the PS1 public science
archive is via the website panstarrs.stsci.edu/.
The usage of the public PanSTARRS DR1 archive has been substantial. In the first 3 months alone,
user requests from over 10,600 unique IP addresses downloaded over 26 Terabytes of PanSTARRS
data, making the PS1 archive one of MAST's most popular data products. In the same time period,
over 6.5 million image image cutouts were extracted and over 6 million image searches and
database rows accessed.
The second data release (DR2) is scheduled to be available to the public sometime before June
2018. DR2 will include all DR1 products plus the single-epoch "warp" images and the full 100
Terabyte PS1 database, including all single-epoch detections and forced photometry.

LUVOIR
In 2016, NASA began studying four prospective flagship missions to be presented to the Astro 2020
Decadal Survey. The Institute's staff is contributing to all four studies, including the Far-IR Origins
Space Telescope, the X-ray Lynx mission, and the exoplanets-focused HabEx mission. CMO staff are
focused on the Large UV/Optical/Infrared Surveyor (LUVOIR) concept as part of that study's Science
and Technology Definition Team (STDT). LUVOIR's primary design is a 15-meter deployable
telescope, orbiting at Sun-Earth L2, that is optimized for detection and characterization of
exoplanets with high-contrast coronagraphy, high-resolution imaging from the UV to the NIR, and
high-sensitivity, multi-object UV spectroscopy. LUVOIR is envisioned to enable many areas of
"signature science" that are simply untouchable even with Webb or the forthcoming ground-based
extremely large telescopes.
With a 15-m primary mirror, ultrastable structures and optics, the high-performance coronagraph
designed for LUVOIR (ECLIPS) will be able to detect and characterize dozens of Earth-like planets
orbiting nearby stars, looking for signs of habitability in the concentrations of oxygen and water
and possible habitation in the form of methane and ozone. LUVOIR's High-Definition Imager (HDI)
will be the UV-NIR imaging camera operating from 200 nm–2200 nm and will be Nyquist sampled
at wavelengths longer than 400 nm. HDI is capable of resolving structures the size of Manhattan at
the orbit of Jupiter, detecting galaxies as small as the Milky Way's faintest dwarfs over 90% of
cosmic time, and tracking any stars moving at more ~1 m/sec anywhere in our Galaxy. The Large
UV Multiobject Spectrograph (LUMOS) will be able to detect the incredibly faint emission from the
gas surrounding galaxies (the CGM), to track in the inflows and outflows from nearby galaxies, and
examine the chemical composition of protoplanetary disks anywhere in the Galaxy. The GSFC-led
LUVOIR study is planning to release its interim report describing LUVOIR's science potential in
detail in the spring of 2018. More details about LUVOIR are available at asd.gsfc.nasa.gov/luvoir/,
and simulation tools and exposure time calculators are available at luvoir.stsci.edu.

The LUVOIR Architecture "A" Coronagraph
Instrument
L. Pueyo, pueyo[at]stsci.edu and R. Soummer, soummer[at]stsci.edu

Introduction
In preparation for the Astro 2020 Decadal Survey, NASA has commissioned the study of four
flagship missions spanning a wide range of observable wavelengths: the Origins Space Telescope
(OST, formerly the Far-Infrared Surveyor), Lynx (formerly the X-ray Surveyor), the Large
UV/Optical/Infrared Surveyor (LUVOIR) and the Habitable Exoplanet Imager (HabEx). One of the key
scientific objectives of the latter two missions is the detection and characterization of the Earth-like
planets around nearby stars using the direct imaging technique (along with a broad range of
investigations regarding the architecture of and atmospheric composition of exoplanetary
systems). Dedicated exoplanet imaging instruments are being studied for these mission concepts.
Here we present a status update of the coronagraph instrument for the architecture "A" of the
Large Ultra Violet Optical and near Infra Red Surveyor. The LUVOIR STDT (Science and Technology
Definition team) has decided to put forth for evaluation two mission architectures that bracket a
range of options of varying capability, cost, and risk. Architecture "A" is the larger of these two
concepts, with a 15-meter diameter primary mirror that maximizes science yield, while accepting
moderate technical and programmatic risk. The LUVOIR coronagraph optical, mechanical, thermal,
and electrical design was completed in April 2017 by the meticulous GSFC Instrument Design
Laboratory team, based on inputs from a community working group that discussed the
instrument's basic parameters for over four months. The key technologies featured in this
instrument are being matured at the Institute's own Russell B. Makidon Optics laboratory. The
optical layout was then disseminated to technologists who optimized coronagraph masks for this
architecture. Two of these teams were led by Institute staff.

Exoplanetary science enabled by LUVOIR architecture "A"
The LUVOIR architecture "A" corresponds to the largest aperture that can be packed into a NASA
Space Launch System Block 2 heavy-lift vehicle (SLS: NASA 2015). Because of this large aperture, it
is the most ambitious exo-Earth imaging platform studied in detail by NASA to date. The ambitious
philosophy underlying architecture "A" is a consequence of and commensurate with the scientific
goals for the coronagraphic instrument. Goals are organized around two key science themes: (1)
measuring the occurrence rate of biomarkers in the atmosphere of rocky planets orbiting in the
Habitable Zone (HZ) of their host stars, and (2) studying the broader diversity of exo-planetary
systems (giant planets, circumstellar disks). Note that the first scientific theme is significantly more
stressing on the instrument, and is the driver underlying the design decisions for LUVOIR
architecture "A" coronagraph. As discussed in Stark et al. (2015), any mission aimed at measuring
the occurrence rate of biomarkers in the atmosphere of nearby HZ rocky planets, should first be
capable of detecting a statically significant ensemble of exo-Earth candidates. This is one of the
main drivers of the large aperture for LUVOIR Architecture "A" and the instrument concept is
developed with the following broad parameters:

-

-

The exo-Earth detection will be carried out at visible wavelengths (the baseline wavelength
for detection is 600 nm). At this wavelength, the coronagraphs are designed with starlight
suppressions smaller than 10–10 in a region that encompasses at least 75% of the HZ real
estate for stars within 50 pc of the Sun.
Under these starlight suppression constraints , the integrated planet light transmissions will
be maximized.
Also wavelength coverage, from the UV to the near IR, will be maximized in order to
characterize the detected exoplanets as thoroughly as possible.

The characterization of identified exo-Earth candidates is equally as important as their detection.
Figure 1 shows a simulated spectrum of a mature earth, along with an 2 Gyrs old Archean earth,
generated with the LUVOIR STDT online exoplanet spectrum simulation tool, using the underlying
models by Arney et al. (2017) and Robinson (2017). This example illustrates the most salient
characteristics of the atmosphere of Earth analogs sought to characterize with great precision and
translate into three requirements on the back end spectrograph: (1) Continuous spectral coverage
from 200 nm to 2.5µm in order to capture most spectral features associated with carbon- and
oxygen-based molecules, (2) resolution of 30 from 200 to 400 nm and of at least 150 (and above
1000 if possible) in the optical and near-IR. Note that because of the telescope operating at ~270K
as discussed in Bolcar et al. (2017), spectroscopy of faint exo-Earths beyond 1.6 µm will be limited
to the closest target due to thermal background. However, redder spectral coverage will be
invaluable for studying in detail the atmosphere of our nearest neighbors (along with
characterizing larger planets).

Instrument
The LUVOIR architecture "A" coronagraph is a highly complex instrument due to the need for
continuous spectral coverage from 200 nm to 2.5µm. In order to accommodate the variety of high
reflectivity coatings and detector technologies that span this large a wavelength range, the
instrument is split into three channels that cover the following bandpasses: UV (200 to 400 nm),
optical (400 nm to 850 nm) and Infra-Red (IR, 850 nm to 2.5 microns). Each channel is equipped
with two Deformable Mirrors (DMs) for wavefront control, a suite of coronagraph masks, a loworder wavefront sensor, and separate science imagers and spectrographs. Because wavefront
control can only be practically achieved over finite bandpasses as currently demonstrated in the
WFIRST testbeds (Cady et al. 2016), each channel is split into multiple bandpasses that can be
sequentially selected using a filter wheel mechanism. As a consequence, while the three channels
can operate in parallel, each channel can only observe in one bandpass at a time. This has an impact
on observing efficiency. The detector technologies are specific to each channel and our baseline
choices heavily rely on technology that has been used on previous missions or planned in the
WFIRST baseline instruments.
Spectroscopy is not required at UV wavelengths and the UV imager (field of view 1.4" 𝗑 1.4"
squared) is the only science detector there. Both an imager and spectrograph are required for the
optical and IR channels. The respective fields of view of the imagers are 2.7" 𝗑 2.7" and 5.6" 𝗑 5.6".
These sizes are larger than the angular extent of the HZ for most targets, in order to enable the
detection and characterization of outer planets in the exosolar systems detected. For the optical and
IR spectrographs, the studies considered the feasibility of both Integral Field Spectrographs (IFSs),
such as the ones installed on ground-based instruments and WFIRST, and fiber-fed high-resolution
spectrographs currently being studied for ground-based instruments. After careful consideration,

we chose the latter as the primary spectrograph for the exoplanet imaging of LUVOIR architecture
"A", which was mostly driven by scientific goals, in spite of its relative technological youth when
compared to IFS. Indeed, it was the only design that could obtain both low and high resolution of
Earth analogs, along with being able to characterize a wide variety of other type of planets
(including outer planets).
Also, a variety of solutions were considered for coronagraph masks and the decision was made to
study two of them in depth. A conservative design that is robust to misalignments, stellar angular
size, and whose mask technology will be matured by WFIRST, is the binary Apodized Pupil Lyot
Coronagraph (APLC) (N’Diaye et al. 2016; Zimmerman et al. 2016), along with a more aggressive
phase mask design which will improve science performance, but is less robust and mature (Mawet
et al. 2009, 2011). The design work for both solutions was spearheaded over the past couple of
years at the Institute (N’Diaye et al. 2016; Zimmerman et al. 2016; Pueyo et al. 2013; Mazoyer et al.
2017a,b). Representative masks for these two solutions are shown in Figures 2 and 3. Included are
robustness to pupil misalignments: at the 1010 contrast the planet transmissivity is of the order of
the preliminary solutions presented in N'Diaye et al. (2016). For more aggressive designs, the two
DMs that are in the instrument are used for wavefront control purposes to compensate for the
discontinuities. However, because this design is very sensitive to stellar angular separation, it will
not yield 1010 contrast for nearby stars (d < 10 pc); for those, the grayscale apodizer solution will be
better suited. The choice of masks drives the overall scientific output of the coronagraph. Because
the "Search for Life" objective is the most challenging, it is used as a fiducial to assess the quality of
a particular design given a mission lifetime and a survey strategy. Note that the LUVOIR
Architecture "A" telescope pupil has been circulated to the community: the study team will also
assess future contributions to coronagraph design that can be evaluated using a similar procedure.
Finally, the design of a high-yield static coronagraph is a necessary condition to a successful exoEarth imaging instrument on the LUVOIR architecture "A" but it is not sufficient. Indeed, exquisite
wavefront stability needs to occur in order for the contrast to remain at the 1010 level throughout
the duration of the long exposures that are needed for exoplanet detection and characterization.
The LUVOIR study team has adopted a three-pronged approach to address this problem: build
robustness to misalignments within the coronagraph design; use the DMs to shape the static
wavefront to reach the adequate contrast, even in the presence of wavefront errors (Shaklan et al.
2006; Pueyo et al. 2007; Trauger et al. 2007; Pueyo et al. 2009); stabilize the wavefront so that high
contrast is maintained throughout science exposures, in spite of the presence of time-varying
aberrations using a variety of optical and mechanical sensors. However, the system-level
complexity remains a challenge of its own: that is exactly what the Institute's High-Contrast Imager
for Complex-Aperture Telescopes (HiCAT) testbed will focus on over the next few years, while
validating in parallel the actual coronagraph mask technologies for LUVOIR.

Figure 1: Simulations of the spectrum of an Earth-like planet seen by the LUVOIR Architecture "A"
coronagraph for an exposure time of 24 hours per bandpass. The green dots with error bars
correspond to the simulated data and the green line connecting them are the underlying simulated
spectrum. The two spectra displayed correspond to models of a mature and an Archean earth (2
Gyrs), highlighting how the age of the observed eco-solar systems will impact the molecular
features detected by LUVOIR. Top Left: Earth-like planet at 1 AU around a sun at 15 pc. Bottom Left:
Earth-like planet at 1 AU around a sun at 7 pc. In both cases the data quality is sufficient to identify
molecular absorptions that are able to ambiguously discriminate a mature earth from and Archean
earth. Top Right: The bandpasses in each channel of the LUVOIR coronagraph are overlayed to the
spectrum. UV, optical and IR channels can operate in parallel, however the bandpasses in each
channel can only be operated sequentially. Thus, the observing time to obtain this spectrum would
be on the order of a week. Bottom Right: wavelength-dependent noise budget associated with the
15 pc simulation. Longward of 1.6 μm the field thermal noise overwhelms the planet signal. These
calculations were carried out with the LUVOIR exoplanet spectrum online tool.

Working angle range 4 - 9 λ/D, 10% bandpass, Rel. E.E.(0.7 λ/D) = 18.47%
Feature oversizing

On-axis dark zone

Telescope stop and Lyot stop

Shaped pupil apodizer
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Figure 2: Coronagraph design for the LUVOIR Architecture "A" based on a hard edge focal plane
mask and a binary apodizer. This coronagraph concept has been pioneered by Remi Soummer and
his group and is currently being tested in the Institute’s Makkidon Laboratory. This specific focal
plane mask geometry would be used to search for exo-Earths in the optical around the most nearby
stars. The top row describes in detail the assumptions of the telescope geometry that went into the
coronagraph design. Top, First Left: the gaps between segment are oversized to account for
potential misalignments between the telescope aperture and the coronagraph mask, Top, Second
from Left: the field stop (also called Lyot Stop) where the coronagraph spans the circle inscribed in
the segmented aperture, Top, Third from Left: aperture mask resulting from the coronagraph
optimizations process, portions of the aperture are zeroed out in order to mitigate the impact of
diffraction from the secondary, its support structures, and the segment gaps. The bottom row
shows the resulting on-sky response of our design. Bottom Left: two-dimensional response
featuring a Dark Zone where the starlight is rejected by ten orders of magnitude; in this area of the
focal plane an exo-Earth can be identified orbiting its host star. Bottom Second from Left: azimuthal
profile of this response for varying stellar angular size (with a 15 meter aperture, nearby stars are
resolved and appear as disks instead of point sources). Even if our coronagraph was designed
assuming that the host star is a point source, this shows that the results from our optimization is
robust for resolving nearby stars. Finally, the rightmost panel shows the response of our design as a
function of wavelength, demonstrating that this instrument can be used to characterize the
spectrum of an exo-Earth over the bandpasses defined on Figure 1. Courtesy of N. Zimmerman.

Figure 3: Coronagraph design for the LUVOIR Architecture "A" based on a Vector Vortex focal plane
mask and using the ACAD-OSM technique to control the DMs. Courtesy of J. Mazoyer.
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SpecViz: A 1D Spectral Visualization Tool
Susan Kassin, kassin[at]stsci.edu, Nicholas Earl, nearl[at]stsci.edu, Harry Ferguson, ferguson[at]stsci.edu,
and the SpecViz Team

Abstract
SpecViz is a Python tool for visualization and analysis of onedimensional spectra, similar to splot in
IRAF. It is created specifically for data from the Near-Infrared Spectrograph (NIRSpec) and MidInfrared Instrument (MIRI) instruments on Webb, but can easily be used with spectra from other
instruments. SpecViz provides a responsive visual environment in which users can quickly zoom in
and out of regions of a 1D spectrum and make measurements of emission and absorption lines with
mouse clicks. New features are being added with each release and we encourage the community to
join our development effort.

Features
The SpecViz tool is shown in action in a screenshot in Figure 1. In this screenshot, an absorption
line in a spectrum is being fit.

Figure 1: A screenshot of SpecViz in action is shown. In this workflow, a single spectrum is loaded,
and Gaussian and constant models are fit to an emission line and a flat continuum. The functions
being fit are described in the middle panel on the right. Parameters describing these functions
can be held fixed (if the lock symbol is engaged) or allowed to float freely.

Features of SpecViz include the ability to: quickly zoom in and out of a spectrum, change the units of
either axis, toggle between wavelength and velocity (via changing the units), fit Astropy models
(e.g., Gaussian, Gaussian absorption, power law, spline) with Astropy fitters (Levenberg-Marquart
or Simplex), and obtain basic statistics over a specified region. Although sensible default values are
set initially for the Astropy fitters, an "Advanced Settings" option allows for fitter parameters to be
edited. In addition, modified spectra and models fit to data can be saved to disk.
A video demonstration of SpecViz is available here. It shows the loading of an example spectrum,
and simultaneous fitting of two Gaussians and a flat continuum. The resulting best fit model is then
subtracted from the spectrum.

Data Loader
All Webb data will automatically load into SpecViz. For spectra of other provenance, a data loader
"wizard" is provided. The wizard makes it straightforward to read a wide variety of FITS files with
different conventions for storing spectra, masks, and uncertainities. This is because most fits files
adopt different standards. A screenshot of the wizard is in Figure 2.

Figure 2: A screenshot of SpecViz’s data loader "wizard" is shown. It allows the user to specify
which of the keywords store the spectral dispersion, data, uncertainty (optional), and bitmask
(optional).

Download & Installation
All Hubble and Webb user software, including SpecViz, is available via AstroConda. AstroConda is a
new distribution mechanism for all public Institute software.
Detailed installation instructions for downloading SpecViz are here. In short, if AstroConda is
installed on your computer, type the following command at any Bash terminal prompt:
conda install specviz

Future Features
There are many additional features which should be incorporated into SpecViz, not all of which can
be implemented with the available resources. The community is encouraged to join our
development effort to extend SpecViz to more workflows and use cases. The following additional
features are planned by April 2018: read-out of Python fitting commands used, interaction with the
Juypter notebook and Python command line, smoothing, incorporation of data masks, incorporation
of line lists, key bindings for common tasks (i.e., "hot keys"), and tying parameters of models
together.

Development
The SpecViz front-end is designed using PyQt, which provides Python bindings for the crossplatform GUI framework Qt.
Most of the development for SpecViz occurs in "coding sprints." These are intense periods of two
weeks in duration during which developers and scientists interact daily. The sprints begin with an
hour long "kick-off" meeting during which the initial plan for the sprint is decided and agreed upon.
At this meeting scientists and developers not involved with the rest of the sprint give important
input.
We encourage members of the community to call in to kick-off meetings and even participte (remotely
or in person) in the full sprints. For more information, please email the authors of this document
and/or subscribe to the JWST Data Analysis Development Forum email list (send an email with the
word "subscribe" in the subject line to jwst_dadf-subscribe-request@maillist.stsci.edu) where
notices of all kick-off meetings are sent.

Introducing the Data Science Mission Office
Arfon Smith, arfon[at]stsci.edu, Josh Peek, peek[at]stsci.edu, Iva Momcheva, momcheva[at]stsci.edu, and
Mike Fox, mfox[at]stsci.edu

Abstract
The Data Science Mission Office is approaching its first birthday and so we wanted to take this
opportunity to introduce ourselves, our backgrounds and interests, and some of the initial focus
areas for the Institute's newest Mission Office.

Introducing the team
Like all Mission Offices at the Institute, we're a relatively small group. In our case, we have a mixed
team of astronomers and engineers:
Arfon Smith, Mission Head
Generally considers himself a 'lapsed' academic, since completing his PhD in Astrochemistry in
2006 (Nottingham, UK), he's spent his career building research technology and infrastructure and
promoting the role of software in academia. Notable highlights include co-founding the Zooniverse
citizen science platform (zooniverse.org) at the University of Oxford and most recently working at
GitHub (github.com) to help bring open source software to the academy.
Josh Peek, Project Scientist
Studies the the dusty gas and plasma that suffuses and surrounds galaxies. Josh has a background in
big survey astronomy, and leads the Galactic Arecibo L-band Feed Array Survey in Neutral
Hydrogen (GALFA-HI). He is interested in advanced image processing and analysis methods in
astronomy, and is studying how convolutional neural neworks can advance our understanding of
complex images. Josh has worked in MAST since starting at the Institute in 2014, and has led efforts
and better integration between MAST and the astronomical literature.
Iva Momcheva, Mission Scientist
Ivelina (Iva) Momcheva received her PhD from University of Arizona in 2009. Following a postdoc
at Carnegie Observatories, she joined the 3D-HST Treasury Team as a project manager in 2011. This
being her first encounter with Hubble observations, she was quickly enamored. Iva arrived at the
Institute in 2015 as a support scientist in the WFC3 instrument group where she developed the
Drift and Shift (DASH) observing technique, before moving to the Data Science Mission Office in
early 2017 as a Mission Scientist. Iva’s research focuses on galaxy evolution. She is interested in
how environment affects galaxy evolution, particularly in groups and high-redshift proto-clusters.
She is passionate about gravitational lenses, spectra, databases and well-documented applicationprogramming interfaces (API)s.
Mike Fox, Senior Infrastructure Engineer
Mike Fox is our Infrastructure Engineer; he is focused on developing next-generation science and
data processing systems at the Institute. Mike studied Electrical Engineering at Georgia Tech. He
started his career writing device drivers and low-level APIs for custom reconfigurable computing
systems. Moving up the software stack, he helped to develop a high-performance email server

which currently delivers more than 25% of the worlds legitimate email. Later he helped to turn this
email server into a modern Cloud email service, as Director of the Site Reliability Engineering Team.
Outside of work Mike enjoys sailing, kayaking, remote control helicopters, and biking.

Why create a Data Science Mission Office?
Since its beginnings, the Institute has been responsible for turning raw, binary data downloaded
from spacecraft into science-ready data. Since 1997, we have served those data through the
Mikulski Archive for Space Telescopes (MAST). A suite of data management tasks is involved in
processing science data including: developing calibration pipelines that encode complex
algorithms; infrastructure for executing these pipelines; high-volume, high-performance storage for
archiving and serving data to the astronomical community; and developing tools, services and
technologies for interacting with the data.
As the volume and variety of datasets grow (the Pan-STARRS archive is ~2PB in volume), and in an
era of large-scale survey missions such as LSST and WFIRST, it is clear that the tools, services, and
technologies required to support the astronomical community are very different from those needed
by a single guest observer using Hubble.
We already know from experience that building high-quality services enables vast quantities of
'archival science' (see Figure 1) and it’s clear already that these increasingly large datasets will be
combined with more sophisticated, algorithmic analyses by the astronomical community. This
combination of data volume and compute-intensive analyses means that the infrastructure
required to support community science, as well as the tools to visualize and extract their
information content, must become a 'mission-level' focus for the Institute.
The Data Science Mission Office aims to bring together the objectives of all the missions of the
Institute in a single coherent vision for data processing, archive services, and community software.
Through this vision, we aim to fulfuill our mission of maximizing the scientific impact of our
missions and archive. Our focus is not just on technologies, but also on engaging and training the
astronomy community in software, and working with the broader astronomy community in
bringing tools to you that help you do your science.
To get an idea of the new types of scientific investigations that are possible when you bring data,
methods, and technology together take a look at the Insitute's report from 2016 "Big Data @ STScI"
(https://archive.stsci.edu/reports/BigDataSDTReport_Final.pdf).

Figure 1: Publications resulting from Hubble observations over the last 26 years. Originally
published at https://www.scientificamerican.com/article/how-old-observations-are-buildinghubbles-legacy/. Credit: Katie Peek.

The New NASA Hubble Fellowship Program
Andy Fruchter, fruchter[at]stsci.edu
Beginning this year, NASA will be combining the Einstein, Hubble and Sagan fellowships into a new
program, the NASA Hubble Fellowship Program (NHFP). The NHFP will, like the fellowships it
supersedes, support outstanding postdoctoral scientists to pursue independent research in any
area of NASA Astrophysics, using theory, observation, experimentation, or instrumental
development.
The NHFP preserves the legacy of NASA's previous postdoctoral fellowship programs; once
selected, fellows are named to one of three sub-categories corresponding to NASA's "big questions":
How does the Universe work? – Einstein Fellows
How did we get here? – Hubble Fellows
Are we alone? – Sagan Fellows
The Space Telescope Science Institute administers the NHFP on behalf of NASA, in collaboration
with the NASA Exoplanet Science Institute (NExScI) at the California Institute of Technology and the
Chandra X-ray Center at the Smithsonian Astrophysical Observatory.
Applications are open for fellowships to begin in fall 2018. We anticipate offering up to 24
fellowships this year, contingent upon funding. NHFP is open to applicants of any nationality who
have earned their doctoral degrees on or after January 1, 2015, in astronomy, physics, or related
disciplines.
NHFP fellowships are tenable at U.S. host institutions of the fellows' choice, subject to a maximum
of two new fellows per host institution per year, with no more than five fellows being hosted by a
given institution in any three-year period (where the cumulative count begins with the 2018
fellows). The duration of the fellowship is up to three years: an initial one-year appointment, and
two annual renewals, contingent on satisfactory performance and availability of NASA funds. In
addition to a stipend, NHFP fellows receive support for travel, computing services, publications,
and other direct research costs as well as for health insurance and relocation costs.
Detailed program policies and application instructions may be found in the official Announcement of
Opportunity at nhfp.stsci.edu.

The High-Contrast Imaging in Space
Mini-Workshop
John H. Debes, debes[at]stsci.edu, Laurent Pueyo, pueyo[at]stsci.edu

Abstract
Between November 14 and November 16, 2016, the Institute hosted a mini-workshop focused on
high-contrast imaging techniques using space-based telescopes. Approximately 75 experts in highcontrast imaging attended the workshop and discussed a variety of topics. These included
discussions of high-contrast imaging instrumentation, image post-processing techniques, and highcontrast imaging of exoplanets and circumstellar disks.

Introduction
The nine years since the first direct images of confirmed planetary mass objects were obtained have
witnessed an explosion in high-contrast imaging techniques that have been utilized for both spaceand ground-based observations. The prime targets in the realm of exoplanets for these techniques
have been brown dwarfs, circumstellar disks, and gas giant exoplanets, revealing a wealth of
information about how planets may form in the outer regions of protoplanetary disks, the transition
from stellar to substellar mass objects, and the outer architecture of exoplanet systems. The
ultimate goal of these observations is to directly image Earth-like planets to search for evidence of
liquid water and perhaps even life.
With the imminent launch of Webb and the increasing investment of efforts into the Wide-Field
Infrared Survey Telescope (WFIRST) and its coronagraphic instrument (CGI), the scientific organizing
committee for the High-Contrast in Imaging mini-workshop saw an opportunity to set the stage for
the next decade of high-contrast imaging by gathering the field's foremost experts. The goal was to
review the state-of-the art in scientific results, instrumentation, and post-processing techniques to
help plan for future high-contrast imaging missions in the next decade. The workshop explored the
legacy of existing space-based high-contrast imaging from the Hubble and Spitzer Space Telescopes
with an eye toward observations with future missions planned by NASA. Additionally, the
workshop considered how these missions may open new frontiers in high-contrast imaging of Solar
System, extragalactic, or other astronomical objects.

Workshop Program
The workshop spanned two and a half days, with a total of 9 invited speakers and 25 contributed
talks. The entire program of the Symposium can be found at the Institute's Webcast Archive https://
webcast.stsci.edu/webcast/searchresults.xhtml?searchtype=20&eventid=246&sortmode= 2. There
were five sessions that covered high-contrast imaging techniques, imaging of circumstellar disks,
the direct imaging of exoplanets, the application of high-contrast imaging techniques, and future
space missions that would include high-contrast imaging.
Many topics were covered at the meeting, a selection of which we summarize here. The first session
touched on the instrumentation used in space-based coronagraphy. Mark Clampin first reviewed

the legacy of high-contrast imaging on Hubble while looking forward to new scientific results with
the many coronagraphic modes on Webb. Stuart Shaklan reviewed various methods and challenges
of performing coronagraphy with segmented mirrors in space, the key technological challenge to
using large apertures for future space telescope missions aimed at detecting and characterizing
Earth-like planets.
The second and third sessions focused on scientific results made possible with high-contrast
imaging, in particular for disks and exoplanets. Hannah Jang-Condell spoke about the possible
observable signatures of forming exoplanets in protoplanetary disks, while Meredith Hughes
discussed observations of debris disks and the discoveries of widely separated exoplanets. Both
talks highlighted the remarkable complementarity of high-contrast instruments such as
Hubble/STIS with ALMA when using dust structures to trace the formation history of nascent and
adolescent exo-planetary systems. Caroline Morley then reviewed the latest techniques for
inferring the atmospheric properties of gas giants and super earths as gleaned from a combination
of direct imaging and transit spectroscopy. Her talk highlighted the importance of panchromatic
datasets combining Hubble, ground-based and upcoming Webb information.
The fourth session focused on applying various high-contrast imaging techniques to existing and
archival observations. Former Institute postdoctoral researcher Elodie Choquet presented an
overview of various image post-processing techniques that have been successfully leveraged for
both space- and ground-based high contrast imaging, such as the Archival Legacy Investigations of
Circumstellar Environments High-Level Science Products in the Mikulski Archive
(https://archive.stsci.edu/prepds/alice/). Daniel Rouan conducted the thought experiment of what
other astronomical objects could be observed with current and future high-contrast imaging
techniques, including extragalactic objects and the circumstellar matter of massive stars.
The final session looked toward future mission concepts in various stages of preparation. Jean-Luc
Beuzit spoke about the synergy between high-order adaptive optics systems, coronagraphs, and
future space mission designs. With missions such as WFIRST requiring multiple deformable mirrors
in its CGI design to obtain the highest contrasts, space-based mission concepts rely more heavily on
lessons learned from the ground. Nikole Lewis and Jeremy Kasdin spoke about the WFIRST mission,
while Brad Peterson and Karl Staplefeldt spoke about the HabEx and LUVOIR mission concepts.
Anne Marie Lagrange graciously agreed to present at the Institute Colloquium on the topic of direct
imaging of exoplanets to finish out the workshop.
Other mission specific activities relevant to the Institute occurred during this meeting, including a
Webb information session with a focus on high-contrast imaging and a high-contrast imaging Webb
early release science discussion was held by outside members of the community. Finally, the
WFIRST mission Science Investigation Teams affiliated with the CGI met after the workshop to
conduct a half-day meeting to discuss CGI design requirements and to collect the full teams together
for a day of breakout sessions and collaboration.
The workshop displayed the importance of high-contrast imaging as a technique for the exploration
of nearby planetary systems as well as for other astronomical objects. In a field that is mostly
driven by technology and data analysis breakthroughs, this workshop provided a unique forum for
a diverse section of the exoplanet and instrumentation community to come together and reflect on
the success of the past decade on debris disk and young giant planet imaging, on lessons learned as
we move towards more ambitious endeavors such as the search for life.

Figure 1: High-Contrast Imaging in Space workshop photograph. Approximately 75 people
attended the workshop between November 14–16, 2016. Photo credit: Chad Smith.

2017 Spring Symposium on the Lifecycle of
Metals Throughout the Universe: Celebrating
50 Years of UV Astronomy
Ori Fox, ofox[at]stsci.edu, Julia Roman-Duval, duval[at]stsci.edu and Andrew Fox, afox[at]stsci.edu
The Institute hosted a science symposium from April 24–27, 2017 on the Lifecycle of Metals
Throughout the Universe: Celebrating 50 Years of UV Astronomy. This event focused on
understanding metal production, transport, evolution, and distribution through the lens of UV
astronomy, which originated with sounding rockets in the 1960s and looks forward to the launch of
future missions such as the Large UV/Optical/InfraRed (LUVOIR) surveyor. The symposium
featured 112 registered participants, 42 posters, 32 invited talks, 22 contributed talks, and a
discussion on the status and future of UV astronomy.
Cosmic metals touch on a wide range of astrophysics, including stellar astrophysics, the physics of
the interstellar and circumgalactic media, and galaxy evolution. Current generations of stars
release metals and energy into the surrounding interstellar gas and sculpt the reservoir from which
new stars are born. Within the Inter-Stellar Medium (ISM), metals can be transferred between the
gas and dust phases, thus affecting the chemistry and thermal balance of galaxies. The cumulative
mechanical, thermal, and radiative energy injection from massive stars drives large-scale, metalrich gas flows both within and out of galaxies. While metals produced in stars are mixed and
transported with the ISM and Circum-Galactic Medium (CGM), primordial gas can inflow into
galaxies, thus sustaining the gas reservoir for star formation. Figure 1 summarizes the various
processes involved in the lifecyle of metals in the Universe.

Figure 1: Schematic illustration of the role metals and dust play in the evolution of stars and
galaxies. Star formation and stellar evolution lead to mass loss and SNe, seeding the ISM with dust,
metals, and molecules. Starburst winds and jets from AGN provide feedback and launch outflows.
Metal-enriched and pristine halo gas eventually cool and accrete in the disk to form new stars and
feed the central black hole, starting the cycle again. Image Credit: www.spicamission.org/science_galaxies.xhtml.
The UV offers an ideal probe of metals and dust, primarily via absorption line analysis. These
wavelengths have been critical in studying the powerful mass‐loss winds from O‐ and B‐type stars,
the discovery of interstellar molecular hydrogen, the H I column densities toward stars and their
correlations with extinction, the depletions of gas‐phase heavy atoms in the interstellar medium as
they condense onto dust grains, the abundance ratio of atomic deuterium to hydrogen, and the
pervasiveness of hot gases in space as revealed by absorption from interstellar O VI. Absorption
features in the UV spectra of stars in our Galaxy teach us important lessons for interpreting the
same transitions for gas systems at high redshift seen in QSO spectra at visible wavelengths.
At the symposium, recent progress in chemical evolution science was discussed, with a focus on UV
astronomy contributions. Both observational and theoretical perspectives were included. The
Scientific Organizing Committee was particularly interested in bringing together astronomers from
both multi-wavelength and multi-discipline communities to understand metal production,

transport, evolution, and distribution, so that new collaborations might be sparked and each
astrophysical sub-field might improve their understanding of sub-grid physics relevant to chemical
evolution. In our selection of invited and contributed talks, we were keen to select a speaker list
that reflected gender diversity and a good balance between junior and senior astronomers, and we
are confident that we met these goals. The electronic poster session, in which posters were
displayed electronically on flat-screen TVs, was set up to provide a relaxed environment where
poster presenters had time to discuss their science with colleagues, and this was well received.
With a focus on over 50 years of UV astronomy, this Symposium also included a number of
historical talks and a special guest of honor: Dr. Nancy Grace Roman is an American astronomer
who was the first Chief of Astronomy at NASA and played a crucial role in planning the Hubble
Space Telescope. Additional historical contributions were made by the Johns Hopkins University
Astronomy Department, which played an important role in several UV-based space missions,
including early sounding rockets, the Hopkins Ultraviolet Telescope (HUT), and the Far Ultraviolet
Spectroscopic Explorer (FUSE).

Figure 2: Symposium chair Dr. Ori Fox with special guest Dr. Nancy Grace Roman.

We are grateful to the event coordinators Martha Devaud, Sherita Hanna, and Flory Hill, and to
other members of the SOC (Julia Roman-Duval, Andrew Fox, Alessandra Aloisi, Gisella De Rosa, Karl
Gordon, Anton Koekemoer, Anthony Marston, Cristina Oliveira, Molly Peeples, Paule Sonnetrucker,
and Nolan Walborn), who made this event possible. We also thank the Bloomberg Center for
Physics and Astronomy at the Johns Hopkins University, including Stephan McCandliss, Warren
Moos, and Bill Blair, for hosting a reception.

Figure 3: Participants in the Spring Symposium Lifecycles of Metals Throughout the Universe
assemble outside the Space Telescope Science Institute’s Muller Building on the campus of the
Johns Hopkins University in Baltimore, Maryland. The event ran from April 24–27, 2017, and
included 112 registered participants.

The conference webpage is at:
2017 spring symposium lifecycle-of-metals-throughout-the-universe celebrating 50 years of uv
astronomy

The schedule is located at:
Symposium agenda on cvent
Twitter is at:
twitter.com/hashtag/uvmetals?src=hash
Posters can be found at:
stsci.edu/~ofox/posters2017/
The webcast is at:
webcast.stsci.edu/

Detecting the Unexpected: Discovery in the
Era of Astronomically Big Data
J. E. G. Peek, jegpeek[at]stsci.edu

Abstract
The era of big data is dawning in astronomy. Many have focused on the engineering challenges that
come with petabyte-scale data sets and trillion-row databases. In this Institute workshop we
explored a different side of big data: the scientific challenges to enabling the process of discovery in
data sets too large to easily explore.

Detecting the Unexpected
It is a truism the greatest discoveries from ground-breaking astronomical instruments aren’t what
was proposed in the whitepapers, but from surprising new results. In the era of Hubble’s launch,
these discoveries were made by inspecting the data by eye. New correlations, new objects, and new
physics were all discovered by manipulating small data sets, finding inconsistencies, and tracking
them down with follow-up observation. How is this process going to work when datasets are far to
large to be inspected “by eye” or even loaded into memory? How can we enhance the process of
discovery in the era of astronomically big data?
Detecting the Unexpected: Discovery in the Era of Astronomically Big Data was a workshop held at
the Institute in February 2017 aimed at precisely this question. We focused on what discoveries
have been made with large data sets and what methods have been deployed to deal with these
kinds of problems. We defined “Astronomically Big Data” broadly; not by bytes, but by a scope of
data large enough that the classical methods of scientific exploration break down. Mocking the
Universe, led by Dr. Molly Peeples, was an Institute workshop focused on how we can properly
perform hypothesis testing against large surveys using powerful simulations of mock universes. In
Detecting the Unexpected we focused instead on data sets large enough that our usual processes of
hypothesis generation needed a fresh look.

Scientific Themes & Data Methods
Hypothesis generation in big-data astronomy is a broad topic; we focused down onto a few main
scientific themes, and a few data methods. Scientifically, we centered our discussions around the
time-domain and large spectroscopic surveys. The time domain is a quickly-growing area of
interest in astronomy with major projects across the electromagnetic spectrum. Presentations were
made about how to find truly variable objects in real time in enormous data sets full of systematic
errors, as well as how to characterize these objects, and find outliers. Spectroscopic observations
are also in a period of dramatic growth, particularly with the explosion of new ground- and spacebased facilities for Integral Field Unit and Multi-Object Spectroscopy, leading to very interesting
discoveries. Talks focused on new surprising discoveries in vast spectroscopic databases, and the
methods by which these discoveries were made.
Methodologically, we focused on three tools. The first was machine learning, and data-driven
approaches to classification and outlier detection. Machine learning was shown to be especially
important in real-time discovery systems like the Palomar Transient Factory, and for finding

extremely rare objects in large spectroscopic databases. Deep learning, or artificial neureal
networks, were also showcased, and shown to be powerful tools in dealing with large quantities of
hard-to-characterize data. The second tool was citizen science. Many presentations were given on
Zooniverse projects, including Gravity Spy, Radio Galaxy Zoo, and Disk Detective. The fusion of
machine learning and citizen science is proving to be a key avenue for discovery. Finally we
explored data visualization, and how new visualization techniques and technologies can help us
make sense of big data.

New Workshop Formats for the Institute
Detecting the Unexpected broke new ground at the Institute by incorporating a few new ways of
holding a workshop. Each day we held “Unconferences,” which are participant-led breakout
sessions on topics that the participants themselves decide on. Unconferences covered topics as
diverse as how to change our field-support junior scientists engaged in data exploration and the
details of how particular machine learning algorithms are implemented. We also had a sequence of
sessions called the “Data & Methods Bazaar” in which presenters led short explorations of their
data sets and software, and participants went from station to station, learning about particular
tools. Finally, we held the Institute’s first “Hack Day,” in which participants pitched ideas they
wanted to build in a single day. Groups were formed and over the course of the day we saw many
different “Hacks” move forward. There were citizen science hacks on the interstellar medium, deep
neural net hacks on stellar spectroscopy, and hacks for visualizing massive data sets over a
network.

The Future
Many came away from Detecting the Unexpected with new tools, new ideas, and a new appreciation
for how tricky the process of astronomy will become as we enter a new realm of data. Chris Lintott,
PI of of Zooniverse and professor of astrophysics at Oxford, will be carrying the Detecting the
Unexpected torch to Oxford for Detecting the Unexpected 2 in March, 2018.

Figure 1: The attendees of Detecting the Unexpected. Image credit: Chad Smith.

Science with the Hubble and James Webb
Space Telescopes
A.
Nota (ESA Hubble and JWST Project Scientist, STScI) and P. Ferruit (ESA JWST Project Scientist)
Traditionally, every few years, ESA organizes a high visibility scientific conference in Europe with
the goal to give the Hubble user community an opportunity to gather, share their latest scientific
results and discuss topics of common interest. This is part of the long-standing collaboration
between NASA and ESA on the Hubble mission, now extended to the partnership on the James Webb
Space Telescope, together with the Canadian Space Agency.
We have already held four of these conferences during the lifetime of the Hubble mission, in
locations such as Sardinia, Rome, or Venice. They all have the trademark title “Science with the
Hubble Space Telescope,” but every time we enjoy challenging the astronomical community to
brainstorm together on a different, specific topic. We have discussed the future of space astronomy:
What should Hubble’s successor be? We have asked ourselves: What are the key questions in
astrophysics that Hubble has left unsolved? How should we use Hubble in the outer years to
consolidate, or complete, its already remarkable scientific legacy?
This time, the Scientific Organizing Committee (see Table 1) pondered the fact that Hubble is still
going very strong, and in high demand, and the James Webb Space Telescope will launch in 2019. It
is likely that the two missions will be operating together for a few years. We felt it was necessary to
engage the community in thinking about how best to exploit the very real possibility that the two
missions will be in operation simultaneously. Being able to use the two observatories in a
coordinated fashion will offer a scientific return much greater than the sum of the parts, with
Hubble providing unique ultraviolet capabilities and superb optical imaging, and Webb exploring
the very complementary near and mid-IR domain, with unprecedented sensitivity, resolution, and
multi-object spectroscopic capabilities.
We met in Venice on March 20–24, 2017, graciously hosted by the Istituto Veneto di Scienze,
Lettere ed Arti, in their beautiful location of Palazzo Franchetti, on the banks of the Grand Canal
(Figure 1).
We asked all speakers to address the Hubble–Webb synergy in their talks, and they all did, offering
very concrete ideas, and comprehensive strategies. All contributors offered their insight on what
they plan to do with Webb in a very quantitative way. And as the Institute gets ready to evaluate the
proposals submitted for the Early Release Science call for Webb, the feeling is strong that the Webb
mission is truly a reality, and soon taking off.
The conference spanned a broad variety of scientific topics, from our close neighbors in the solar
system to the furthest galaxies. The scientific program and the talks can be found here (Conference
Page ).
In four exciting days, we learned that Webb’s Near-Infrared Camera (NIRCam) and Near-Infrared
Spectrograph (NIRSpec) will be perfectly suitable to study Jupiter Aurorae (Grodent), and that the
combination of Hubble and Webb will make it possible to understand the full chemistry of clouds in
the atmospheres of extrasolar planets (Sing). Astronomers are eager to demonstrate what Webb

will be able to do with transit spectroscopy of exoplanets (Bean), and are confident that Webb will
constrain the properties of transiting asteroids around white dwarfs (Xu).
In the realm of resolved stellar populations, a Hubble stronghold, astronomers look forward to
using Webb to complement the superb high-resolution photometric studies done with Hubble in
recent years to follow the assembly of star-forming regions in different environments and address
how local and global conditions affect star formation (Sabbi). For example, for the first time, Webb’s
NIRCam will allow observations of the assembly and dynamical evolution of embedded class 1 and
2 young stellar objects (YSOs; Sabbi).
Moving to the more distant Universe, astronomers are excited by the new capabilities of slitless
spectroscopy that Webb will offer to further the understanding of galaxy evolution, and building on
the current Hubble surveys such as 3D-HST and GLASS (Brammer). It is clear that Webb
spectroscopy will have many important roles in the study of galaxy stellar-mass assembly at high
redshift (Kaputi), and that any Webb survey will need ancillary Hubble data for galaxies at z < 6
(Kaputi).
Two panels were organized to solicit additional thoughts and conversation: the first, moderated by
Jason Kalirai, attacked the topic, “Defining Success for Webb” and the second, moderated by Meg
Urry, gave an opportunity to the panel members to give their personal opinion on what “The Future
of Space Astronomy” will be.
The conference also offered the opportunity to organize a public lecture on the James Webb Space
Telescope by Nobel Laureate John Mather, Senior JWST Project Scientist at NASA GSFC. A very
interested public crowded the conference hall, demonstrating that there is always big appetite in
the public worldwide to learn more of the newest and exciting space astronomy endeavors.
To allow a break from an otherwise fully packed conference, astronomers were treated to a
conference banquet in stunning Palazzo Zen, one of the oldest palaces in Venice, which is adorned
by large mural mirrors. The lively scientific conversation continued, accompanied by great food in a
very “venetian” setting.
On the last day, we organized a dedicated workshop to help astronomers translate their ideas into
real observations with Webb, and despite the fact that it was a sunny Friday in Venice, most
conference attendees remained inside to listen to a comprehensive suite of technical talks on the
expected instrument performances and on the tools that will be available to reduce and analyze the
data.
Daniel Lennon offered the summary talk, and an interesting visual rendition of the concepts heard
during the five days (Figure 2). He concluded, quoting a question that Meg Urry had posed to her
panel: Why do astronomers do what they do? We do it to inspire, educate, inform — and when we
wandered through the rooms of the art and science exhibit, Our Place in Space article 2017, and Our
Place in Space article 2016 on display at Palazzo Franchetti during the conference, the answer is
clear in the awe in the eyes of the visitors. We do what we do to bring the Universe to all!

Figure 1: Palazzo Cavalli Franchetti in Venice, seat of the Istituto Veneto di Scienze, Lettere ed Arti.

Figure 2: A “wordle” representation of five days of amazing science in Venice.

Table 1: Scientific Organizing Committee
Antonella Nota – Co-Chair

European Space Agency/STScI

Pierre Ferruit – Co-Chair

European Space Agency

Neta Bahcall

Princeton University

Martin Barstow

University of Leicester

Francesco Bertola

Universitá di Padova

Roger Davies

University of Oxford

René Doyon

Université de Montréal

Annette Ferguson

Institute for Astronomy, University of Edinburgh

Garth Illingworth

UCO/Lick Observatory

I. Neill Reid

STScI

Marco Sirianni

European Space Agency

Massimo Stiavelli

STScI

Monica Tosi

INAF – Osservatorio Astronomico di Bologna

Jennifer Wiseman

NASA GSFC

Gillian Wright

UK Astronomy Technology Centre

Simone Zaggia – LOC Chair

INAF – Osservatorio Astronomico di Padova

Workshop on Spectral Diagnostics to Explore
the Cosmic Dawn with JWST
Swara Ravindranath, swara[at]stsci.edu

The Institute hosted a science workshop on Spectral Diagnostics to Explore the Cosmic Dawn with
JWST, from July 31–August 02, 2017. With the upcoming launch of Webb, and the recent advances
in observational and theoretical work to predict and interpret the spectra of first galaxies, it was
timely to hold a workshop on this topic at the Institute. Spectroscopy with Webb will be a powerful
tool for probing the physics of first galaxies and the processes that regulate galaxy evolution.
Emission and absorption lines will offer important diagnostics of the galaxy chemical composition,
star-formation rates, feedback mechanisms, stellar populations, and escape of ionizing radiation.
Theoretical studies have made significant advances in modeling the feedback and outflows in
galaxies, radiative transfer in the IGM at early epochs, and have predictions for what we may be
able to observe with Webb. The aim of the organizing committee was to bring together expert
observers and theorists to discuss the spectral diagnostics and efficient strategies to maximize
Webb science for exploring high-redshift galaxies. This would also provide opportunities to forge
new collaborations.
The scientific program consisted of 17 invited talks, 24 contributed talks, and 14 electronic posters.
There were about 70 participants registered for the workshop. The topics included the observed
properties of galaxies at cosmic dawn, the Lyman continuum and ionizing budget in the reionization
era, spectral properties of cosmic noon (z =1.5–3) galaxies, and extreme emission-line galaxies
across redshifts. There were talks on the Lyman-alpha escape from galaxies, feedback and outflows
from starbursts and active galactic nuclei (AGNs), and emission-line diagnostics. The sessions also
covered theoretical models of the first galaxies and AGNs with emphasis on predictions for Webb.
There were dedicated sessions to discuss the ingredients required for modeling spectra of high
redshift galaxies, and role of dust and chemical enrichment at early epochs.
The presentations at the workshop highlighted new spectral diagnostics using the rest-frame UV
and optical emission lines that can take advantage of the wavelengths accessible for Webb

spectroscopy of galaxies at z > 7. There are specific UV emission-line ratios being identified that can
be used to produce a "BPT-diagram" [named for Baldwin, Phillips, and Terlevich, who developed
the method] to distinguish the contributions from AGNs, starbursts, and shocks. Extreme emission
line galaxies at low and intermediate redshifts for which these emission lines are currently
accessible, serve as good local analogs to calibrate the spectral diagnostics for studying galaxies in
the reionization epoch. They also offer insights into the ingredients that are required to model the
ionizing spectrum of low-metallicity systems; for example, the need for including the evolution of
stellar binaries in interpreting spectra was emphasized. The review talks on evolution of massive
stars focused on the role of stellar winds as a function of metallicity, common envelope evolution of
binaries, and the challenges involved in reproducing the observed spectral features with current
stellar population models.
The identification of sources of reionization and the ionizing budget is a key science topic that the
Webb telescope will address. However, the high fraction of neutral hydrogen in the IGM at z > 7
would make it difficult to detect the UV ionizing continuum directly. The workshop had talks
which discussed how to use indirect probes to identify galaxies that facilitate the escape of ionizing
galaxies, and calibrate them to derive the escape fraction of ionizing radiation. The analysis of
Lyman-alpha profiles and how they help to constrain the geometry, neutral hydrogen column
density, and IGM topology were discussed. The recent results from spectroscopy of strong-lensing
cluster fields were presented, which offer a first glimpse of the spectral features that will be
observed for the low-luminosity galaxies at high redshifts using the Webb. Theoretical models and
hydrodynamic simulations were discussed with regard to nature of the first galaxies, black holes,
and pop III stars. The presentations also featured mock Webb observations, and predictions for UV
luminosity function and strengths of the spectral features that will be observed with Webb.
The Webb proposal planning tools session on the last day of the workshop included a detailed
presentation of the Near-Infrared Spectrograph (NIRSpec) micro-shutter array (MSA) planning tool,
followed by parallel sessions for the demo of JWST Exposure Time Calculator, and Astronomer’s
Proposal Tool. The workshop concluded with the Webb data analysis tools session, which
introduced participants to the new spectroscopy analysis and visualizations tools that are being
developed for Webb.
We received positive feedback on the spectral diagnostics workshop from the participants, who
conveyed that this was a great opportunity to present their recent results and discuss new projects
to be done with Webb. Thanks to the event coordinator Flory Hill, and Thomas Marufu, Calvin
Tullos for technical support, and all the SOC members (Harry Ferguson, Claus Leitherer, Janice Lee,
Alaina Henry, Jennifer Lotz, Gabe Brammer, Iva Momcheva, Nor Pirzkal, and Jason Tumlinson) for
the successful organization of the workshop.

Fig. 1: Group photo of participants of the Workshop on Spectral Diagnostics to Explore the Cosmic
Dawn with JWST.
Links to workshop event
Links to posters
Link to webcasts

Our Place in Space
Venice and Chiavenna, Italy
C. Christian, carolc[at]stsci.edu, H. Jirdeh, jirdeh[at]stsci.edu, A. Nota, nota[at]stsci.edu

Abstract
The Our Place in Space exhibit, a blend of striking Hubble images and art reflecting Hubble's
influence on the public and culture, opened in Venice, Italy in February 2017 and moved to
Chiavenna, Italy in May 2017. The exhibit has captured the imagination of visitors and engendered
much positive commentary by the press and social media. Several notable events were held in
conjunction with the exhibit in both locations.

Introduction
The remarkable Our Place in Space (cf. 2016 Newsletter v33 no. 1) was designed by Antonella Nota
(ESA) and Anna Caterina Bellati (Bellati Ed.), and sponsored by the European Space Agency in
cooperation with STScI to be a traveling exhibit showcasing the core of Hubble's public appeal—
imagery of the cosmos. The regional art community further connects by depicting humanity's
presence in the Universe, and its relentless quest to explore. The exhibit is scalable and easily
adaptable to the physical space available.
This unusual mixture of science and art demonstrates how Hubble has transformed our knowledge
of the Universe but also how it has impacted culture, society, and art. The exhibit has appeal on
many levels, inspiring curiosity and awe about the universe and our place in it. It stimulates
thinking about fundamental questions: where do we come from; where we are going? Are we
alone? These are reflections that are of great interest to professional astronomers, but also have
deep meaning for each one of us inhabitants of planet Earth.
The first venue for Our Place in Space was in the Istituto Veneto di Scienze, Lettere ed Arti, Palazzo
Cavalli Franchetti, on the banks of the Grand Canal in Venice, Italy. The Venice exhibit had close to
30,000 visitors during its run 1 February to 17 April 2017.
Then the exhibit moved to the city of Chiavenna, Italy. Chiavenna is a medieval town in northern
Italy, which hosted the exhibition from 13 May 2017 until 20 August 2017 at the Convento dei
Cappuccini, Piazza Bertacchi.

The Imagery
Hubble imagery was selected to reflect the broad range of research done with the telescope. The
visitor journeys from a location on Earth, through the Solar System, out to the stars, galaxies and
the universe. Not only are Hubble images displayed, but a video journey from near to far, and
depictions of servicing Hubble—astronaut activities, and segments of the solar panels are included.
These themes are carried along with the exhibit as it moves to new venues.

The Art
The spirit of the art accompanying the exhibit is identified by a local curator, who selects the
artwork for the exhibit. For the venues in Italy, the art selected for Venice traveled with the Hubble

images, along with a few new additions. The participating artists in Chiavenna were Antonio
Abbatepaolo, Marco Bolognesi, Paola Giordano, Ettore Greco, Mario Paschetta, Alessandro Spadari,
Marialuisa Tadei, Sara Teresano, Mario Vespasiani, Dania Zanotto and Alberto Salvetti.
The selection of the images and art, and the flow of the exhibit is crafted by the curators, Antonella
Nota and Anna Caterina Bellati. The executive committee for the exhibit is Ken Carpenter (NASA
HST), Lars Lindberg Christensen (ESO), Carol Christian (STScI), Roger Davies (University of Oxford,
UK), Mathias Jäger (ESA/Hubble) and Hussein Jirdeh (STScI).

Fig. 1: Left photo: The alabaster sculptures by Sara Teresano (center) facing Hubble's views of
interacting galaxies: the Whirlpool galaxy, M51 (top right) and the Antennae galaxies (top left)
as shown in Venice. Photo Credit: P. Jeffries. Right photo: Fabric sculpture by Dania Zanotto and
the PHAT mosaic as shown in Chiavenna. Photo Credit: M. Jäger, Imagery Credit: NASA/ESA.

Accompanying Activities
In Venice, the opening of the exhibit was launched with an event attended by primarily Italian and
International press which resulted in very positive reviews. A few weeks later, the exhibit venue
also hosted the Science with the Hubble and the James Webb Space Telescopes V conference, one of
the signature series of conferences sponsored by ESA in collaboration with STScI, specifically
celebrating 26 years in orbit for Hubble and the promise of exciting new science with Webb.
Chiavenna hosted an "Astro Day" at the Teatro Società Operaia after the exhibit opening, where a
number of invited guests gave presentations on astronomy, the excitement and beauty of the
exhibition, the science of Hubble, the progress of the Webb program towards launch, a discussion of
light, color, and visualization of imagery and the Gaia mission. Over 100 visitors attended and later,
the local amateur astronomy group treated the speakers to a night of star gazing up on the
mountains in Montespluga.

Reactions
Visitors from many places, a few quite far flung, could write their comments in a journal at the
venue. Among the comments were phrases such as:
…most interesting and inspiring exhibition…amazing…

…a gift to sit at the feet of the Universe and travel… through its beauty...
…To know we belong—we live—in this beautiful eternal night full of the dusting stars is truly heaven…
…Thank you all for your work…
…exhibition is marvelous! The space is vast and mysterious...
…Combination of art and science, alongside inspirational quotes from ancient philosophers and
scientists takes visitors on a journey through space and time, provoking a sense of wonder...

Next
Our place in Space will next be exhibited at the the ESO Supernova Planetarium & Visitor Centre in
Garching, Germany in Spring 2018. Come and visit!
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Civility and a Safe Workplace:
Women in Astronomy Workshop
S. Bruff, bruff[at]stsci.edu, A. Aloisi, aloisi[at]stsci.edu, and S. Hoffmann, slhoffmann[at]stsci.edu
Taking the term “Women in Astronomy” in the literal sense, a group of multi-disciplinary, multifaceted professional women from Space Telescope Science Institute—in engineering, science,
outreach, and human resources—collaborated to create and deliver a workshop for the Women in
Astronomy IV conference in Austin, Texas in June of 2017.
The impetus for developing the workshop arose based on the experience and history of the
Institute. Over the past 15 years, the Institute has been on a journey to build a model diverse and
inclusive workplace. The Institute identified, developed and implemented many of the best
practices and strategies essential for creating such a respectful workplace. The workshop was
inspired, in part, by our experiences. It was titled “Concrete Steps to Making Your Workplace More
Inclusive” and focused on building awareness of differences and developing practical mechanisms
for inclusion.
The 90-minute workshop led discussions in four major areas: the traditional binary gender role of
women; race and ethnicity; gender identity and sexual orientation; and disability (mental illness,
cognitive, neurodiversity and physical). Each attendee engaged in activities to explore privilege,
bias, and identity in these areas. One participant wrote that they liked the way the workshop
“covered lots of topics” and “aimed to show connections among the various flavors of oppression.”
In small groups, the participants considered and explored techniques and strategies that might lead
to individuals feeling more included in the workplace. Another participant shared that this
emphasis on discussion demonstrated that the workshop “listened to everyone’s opinions and

acknowledged their experiences.” Understanding and respecting the variety of individual
circumstances that co-exist together at all times is the basis for inclusion. This is nothing new, but
as a community, we continue to improve our ability to navigate these intersectionalities.
One finding of interest from the workshop was the variability in workplace climate between
organizations. Diversity awareness ranged from organizations that had none (often referred to as
“in denial”), to some awareness, with participants expressing cautious optimism at the progress
made through diversity training, climate surveys, mentoring programs, and affinity support groups.
“It was good to hear that other institutions have similar problems,” wrote one attendee. Another
found it useful to hear from “people across all levels in the field.”
Most importantly, the workshop attempted to create an environment where people could speak
and question, while acknowledging that they may say the wrong thing. No shame, blame, or guilt is
necessary if inclusion is approached with an open mind and a promise to learn and improve in the
future. No feedback was more positive than the attendee who wrote that the workshop was “a safe
place to have tough, truthful conversations.”
The Institute workshop team included Alessandra Aloisi from the Science Mission Office; Francesca
Boffi, Keira Brooks, Samantha Hoffmann, Cristina Oliveira, and Allyssa Riley from the Instruments
Division; Sheryl Bruff from Human Resources; Brigette Hesman and Lauretta Nagel from the
Operations and Engineering Division; Jessica Kenney and Denise Smith from the Office of Public
Outreach; and for motivation and advice, Van Dixon from the Instruments Division. Based on the
positive feedback, the workshop team has proposed the workshop for the Winter AAS Meeting at
National Harbor in January 2018. Stay tuned in the future for the workshop materials to be
available online through AURA.
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