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Hubble Cycle 24 Proposal Selection

During June, 2016, led by the Cycle 24 TAC chair, Prof. Catherine Pilachowski, 
more than 150 panelists and TAC members reviewed the 1,094 Cycle 24 
proposals. Follow the process from beginning to end, culminating in the list of 
accepted proposals. (A. Moro-Martín, B. Blacker, and the Science Policy Group 
Team)

GLUE: A PYTHON Application for Multi-Dimensional Linked Data
Exploration

Astronomers routinely work with data spread out over catalogs, images, spectra, 
spectral cubes, and more complex datasets, and being able to effectively 
visualize and explore these data all together is crucial to enabling discoveries. 
To address this challenge, we have developed a new open-source PYTHON package 
named GLUE that allows scientists to visualize many different types of data, and 
explore relationships within and across related datasets. (T. Robitaille)

http://newsletter.stsci.edu/


2016 - Vol. 33 - Issue 02 — STScI Newsletter

"Drift-and-Shift" (DASH): A New Method for Wide-Field Near-IR WFC3 Surveys

DASH is a way to circumvent the limitations imposed by guide star acquisitions. 
If new guide stars are not acquired between pointings, it is possible to fit a larger 
number of distinct pointings in a single orbit. This way, the WFC3/IR can cover 
an area as wide as 1 deg2 in just 100 orbits, much faster and less costly than 
previously possible. (I. Momcheva)

Value-Added Research Enabled by High-Level Science Products
Hosted at MAST

A widely used feature of MAST is our collection of HLSPs, which include 
science-ready, fully reduced, publication-quality products. Data is available on 
planets, stars, ISM, galaxies, AGN, clusters, and many other types of objects, 
across a wide range of wavelengths. The products include full-depth mosaics 
from large surveys, photometric catalogs, image and spectral atlases, time series 
lightcurves, spectral linelists, and model simulations, and include interactive 
display tools in many cases. The HLSPs at MAST are ideal for jumpstarting new 
science. (A. M. Koekemoer, and the STScI Archive Team at MAST)

Nancy A. Levenson Appointed STScI Deputy Director

Dr. Kenneth R. Sembach, Director of the Space Telescope Science Institute, 
recently announced the appointment of Dr. Nancy Levenson to the position of 
STScI Deputy Director. Dr. Levenson is currently the Deputy Director and Head 
of Science of the Gemini Observatory. She provides leadership for Gemini South 
operations in Chile and has extensive knowledge of the technical, business, 
management, and public relations involved in running a major astronomical 
facility. She will arrive at the Institute in early November. (A. Jenkins)
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Thomas M. Brown Appointed STScI Hubble Space Telescope
Mission Head

Dr. Kenneth R. Sembach, Director of the Space Telescope Science Institute, recently announced the 
appointment of Dr. Thomas M. Brown to STScI Hubble Space Telescope Mission Head. Dr. Brown has a 
long, in-depth history with both Hubble and Webb, working with teams throughout the Institute and with 
the Institute's partners on the development of Webb's operations and science support. (A. Jenkins)

Welcome to the New STScI Newsletter!

We are pleased to announce that the Space Telescope Science Institute 
(STScI) Newsletter has migrated to a completely electronic form. There are many 
significant advantages in an all-electronic newsletter—for example, we can publish 
articles incrementally to produce more timely information. Accordingly, we will 
release each issue at roughly monthly intervals—a few articles at a time. (C. 
Christian and A. Jenkins)

Late Breaking: The Final Frontier (Field)

Hubble Frontier Fields (HFF) is a Director's Discretionary Time campaign designed 
to probe as deep as is feasible with the Hubble Space Telescope. The final Abell 370 
visit of the HFF program executed successfully on September 11, 2016, around 6 
p.m. local (Eastern Standard) time. The data arrived safely onto disks at the Institute
and processing and calibration began immediately. (C. Christian and the Frontier
Fields Team)
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Hubble Cycle 24 Proposal Selection

Click here for a downloadable pdf of the accepted proposals

Amaya Moro-Martín, amaya@stsci.edu, Brett Blacker, blacker@stsci.edu, and the Science Policy Group Team
(SPG)

Twenty-six years and counting. One more year of outstanding operations has left us with an observatory in
excellent condition for the next cycle—ready to deliver that impressive science we have come to expect from
Hubble. This greatness stems from a diverse users’ community, with 6,623 unique investigators to date (2,295 from
ESA countries). 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) 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 the highlights of Cycle 24 selection process.

We received 1,094 proposals by the phase I deadline in April, including 103 in Archival Research and Archival
Legacy categories, and 64 in the Theory category, requesting a total of 25,611 orbits. These proposals included
investigators from 45 U.S. states (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 245 proposals totaling 3,760 awarded orbits, which will start executing at the beginning of
Cycle 24 in October. As it was for Cycle 23, up to 200 orbits will be available for Mid-Cycle GO programs
targeting recently discovered, non-transient objects. These proposals may be submitted anytime between August
15, 2016 and January 31, 2017.

The Call for Proposals

The Cycle 24 Call for Proposals (CP) was released on January 13, 2016, 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). New opportunities included Webb Preparatory proposals (with a default proprietary period of
zero months) to complement and enhance the scientific impact of future Webb observations. In this CP, the
Institute also encouraged the community to apply for very large Treasury programs, requesting at least 350 orbits,
with an orbit allocation to be shared between the Cycle 24 and Cycle 25 GO Large/Treasury allocations. Medium

http://newsletter.stsci.edu/
http://newsletter.stsci.edu/s/accepted-proposals.pdf
mailto:amaya@stsci.edu
mailto:blacker@stsci.edu
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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 the Hubble
proposal it was possible to request time on Chandra, Spitzer, XMM-Newton, and on National Optical Astronomy
Observatory and National Radio Astronomy Observatory facilities.

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 ultraviolet (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 Device spectroscopy (UV gratings only) and WFC3/ultraviolet-visible
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, two panels covering active galactic nuclei and the intergalactic medium, two on stellar populations, three
on stars, and two covering planets and solar-system objects. With the exception of solar system, each panel has 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 a separate solar system panel (meeting
virtually) covering proposals for archival research/observations of solar system targets.

By the phase I deadline in April, 1,094 proposals were received electronically via the ASTRONOMER'S PROPOSAL TOOL;
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.

The Medium proposals were ranked amongst the Small proposals, allowing a gauge of their relative importance in
the competition for the pool set aside for the Medium category, nominally 650 orbits. In a change from Cycle 23,
each Medium proposal was assigned to one of the existing panels for review and each panel had an allocation of no
more than one Medium proposal. A panel could choose to identify an additional Medium proposal to award from
its nominal allocation, ensuring the proposal’s success, albeit at the expense of a large fraction of that panel’s
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awardable time. Panelists were also asked to review the Large and Treasury proposals pertinent to their panel’s
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. Prof. Catherine Pilachowski of Indiana University served as chair of the Cycle 24 TAC, and Prof. John
Gallagher of University of Wisconsin-Madison, Dr. Karl Stapelfeldt of the Jet Propulsion Laboratory, and Prof.
Nicholas Suntzeff of Texas A&M University 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 24 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 PIs relative to female PIs in
each of the last 23 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 panelists 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. Karoline Gilbert (STScI) on unconscious/implicit bias and best
practices for reviewers.

Results

With 261 of 1,115 proposals accepted, the average Hubble Cycle 24 acceptance rate was 22.4%, negligibly lower
than the 23.4% acceptance rate from the last cycle. The oversubscription ratio for all General Observer (GO)
programs was 6.8:1 by orbit and 4.5:1 by proposal (compared to 5.4:1 and 4.4:1, respectively, for the previous
cycle). The estimated oversubscription of Archival and Theory proposals by nominal funding was 4.0:1, compared
to 3.7:1 from the previous cycle. PIs from ESA-member countries lead 25.6% of the accepted Cycle 24 programs,
slightly higher than in the last cycle. The success rate of Medium proposals was 15% by proposal (14 out of 93),
for a total of 666 orbits, representing a slight decrease with respect to Cycle 23 (with a success rate of 19%), but
still higher than the previous cycles.

WFC3 remained the most requested instrument, with 37.9% of the awarded time utilizing this instrument in its
various modes on primary targets (11.0% WFC3/IR imaging, 8.3% WFC3/IR spectroscopy, 18.4% WFC3/UVIS
imaging, and 0.1% WFC3/UVIS spectroscopy). STIS is the second-most requested instrument, with 27.6% of the
awarded time almost evenly split across the spectroscopic modes. COS was awarded 20.5% of available orbits,
divided into FUV (18.6%) and NUV (1.9%) spectroscopy. ACS completes the allocation, with 13.9% of the time
going to the WFC (12.5%) and SBC (1.2%) imaging modes. The success rate for proposals under the UV Initiative
was 36% by proposal (9 out of 42 for archival research and 78 out of 196 for GO), and 54% by orbit (2,041 orbits
out of 3,760 requested).

The Cycle 24 orbit distribution per science category was as follows: 24.3% for Exoplanets (of 16.5% submitted),
18.1% for Galaxies (of 34.2% submitted), 16.9% for Stellar Physics (of 12.5% submitted), 15% for Stellar
Populations (of 10.9% submitted), 11.1% for IGM and Cosmology (of 16.3% submitted), 7.6% for Solar System
(of 3.4% submitted), and 7% for Black Holes (of 6.1% submitted).
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GLUE: A PYTHON Application for Multi-Dimensional Linked Data
Exploration

Thomas Robitaille (Freelance scientific software developer, lead GLUE developer), thomas.robitaille@gmail.com

Introduction
Rapid increases in the volume and variety of data available to scientists offer unprecedented opportunities for
discovery along with challenges for interactive data exploration and analysis. Astronomers routinely work with
heterogeneous data spread out over catalogs, images, spectra, spectral cubes, and more complex datasets, and being
able to effectively visualize and explore these data all together is crucial to enabling discoveries. To address this
challenge, we have developed  a new open-source PYTHON package named GLUE that allows scientists to visualize
many different types of data, and explore relationships within and across related datasets, by making it easy to
select subsets of data interactively or programmatically in 1, 2, or 3 dimensions. GLUE makes it easy to see those
selections propagate live across all open visualizations of the data, such as 2D or 3D scatter plots, histograms,
images, and volume renderings (watch a short introductory video). The concept of using multiple views of a
dataset and having selections propagate between them is typically referred to as brushing and linking in the
visualization community.

Main functionality
At present GLUE has one main (desktop-based) graphical user interface that most users interact with (see Figure 1).
This interface consists of a canvas area in which users can add various data viewers, each of which is effectively a
new window on the canvas. Which viewers are chosen and how they are arranged can be different depending on
the particular question being researched. On the left is a sidebar containing a representation of all loaded datasets,
as well as controls for the data viewers once these are created. In a typical session, users load in datasets, drag these
onto the main canvas to create viewers, and then make selections in the different viewers. If multiple viewers
include the same dataset, selections made in one of the viewers will propagate to all others.

1

Figure 1: The main GLUE application window, showing image data (WFC3 at 1.6 µm) and catalog data (Ryan et al. 2007) from the Hubble 
Ultra Deep Field survey. The scatter plot (top left) shows the age and redshift for all galaxies in the catalog, with the red and blue points 
showing subsets. The histogram (top right) shows the best matching spectral template. The image (bottom) shows the WFC3 data with the 
catalog galaxies overlaid. The yellow shape shows a selection that is in progress using a lasso selection tool—once the user finishes the 
selection, the red subset will update to include only points inside the yellow selection region.

mailto:thomas.robitaille@gmail.com
http://www.glueviz.org/
https://www.youtube.com/watch?v=qO3RQiRjWA4
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While linking of selections within datasets is already useful in itself, for instance in the case of tabular data with 
dozens of fields/columns, the unique power of GLUE is the ability to link heterogeneous datasets that share 
conceptually linked components. Linking datasets together can be done graphically. The user selects two datasets 
that they want to link, and can then either select one component in each and link them as being conceptually 
identical, or can choose an arbitrary mapping function that may take two or more components to link. For example,
users can indicate that a column in a table (for instance, a J‑band magnitude) is equivalent to a column in a 
different table. A more complex example would be to link the equatorial coordinates in a table with the Galactic
coordinates of an image. More generally, any non-linear mapping between components is possible.

The session in Figure 1 shows a near-infrared image of the Hubble Ultra Deep Field (HUDF) and a catalog (Ryan et 
al. 2007) of galaxies in the field, which includes the position of the galaxies as well as various properties such as the 
redshift and the age. Linking the coordinates of the galaxies in the catalog with the coordinates of the image allows 
the sources to be shown on top of the image. The red points show a subset of points selected from the scatter plot, 
while the blue points show a subset of points selected from the histogram.

We have also developed 3D viewers, shown in Figure 2, which include a 3D scatter-plot viewer and a 3D volume-
rendering viewer, as well as more-complex viewers, which includes one that can show trees/dendrograms of data 
and allows for the selection of structures in the data). In addition to using GLUE as a standalone application, users can 
also launch it from an IPYTHON or JUPYTER NOTEBOOK. Finally, GLUE makes it easy to save sessions to files, and load them 
later or share them with collaborators.

Figure 2: Examples of visualizations in GLUE made with the new 3D viewers. From left to right: 13CO spectral cube of the L1448 star-
forming region in the Perseus molecular cloud; the location of earthquakes around the world (with yellower colors indicating locations deeper 
in the Earth’s crust); two medical scans from different instruments visualized in grey and green.

GLUE is designed from the ground up to be applicable to many different fields of science, as well as to industry. 
Many aspects of the application can easily be customized by users, from simple aspects such as custom colormaps 
for images or custom linking functions, to custom viewers or arbitrary plug-ins that may create new windows and 
operate in any way on the data or any other aspect of the application. Plugins can be distributed as normal PYTHON 

packages which, once installed, are then automatically loaded by the GLUE application.

Using this plugin framework, participants in the James Webb Space Telescope Data Analysis Development Forum 
(DADF) have been developing data analysis applications that will be usable inside or outside of GLUE to analyze 
spectroscopic data (e.g., from Hubble and Webb). As shown in Figure 3, when used in GLUE, these applications 
allow catalogs of sources with spectroscopic data to be displayed, and once a subset of sources has been selected 
based on any of the source attributes, the spectroscopic data (either 1D spectra or spectral cubes) for this subset of 
sources can be explored in more detail. Other examples of plugins being developed include one that allows the 
WORLDWIDE TELESCOPE application (now developed by the American Astronomical Society) to be used 
inside GLUE, and also includes plugins that add support for reading in medical or geospatial file formats.

http://specviz.readthedocs.io/
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Figure 3: An example of GLUE being used to explore data from the CANDELS (Grogin et al. 2011; Koekemoer et al. 2011) and 3DHST

(Brammer et al. 2012) surveys. The scatter plot (top left) shows the magnitude of the galaxies versus the ellipticity; the table viewer (top
right) shows the entries in the catalog, with the selected galaxy highlighted; the spectrum viewer (bottom left) is the SPECVIZ tool being

developed at STScI, which shows the spectrum of the selected source; and the image viewer (bottom right) shows an ACS image of part of
the field, with the selected source.

In addition to working on supporting the needs of Hubble data analysis and future missions such as Webb, we are
planning to work on making sure that GLUE can be used with very large datasets, as well as simulations with non-
regular-cartesian grids (in collaboration with the YT project). We are also investigating ways to bring GLUE to the
browser, to allow users to more easily explore remote datasets.

Trying out GLUE and getting involved

GLUE is compatible with Linux, MacOS X, and Windows; works with PYTHON 2.7 or PYTHON 3.3 and above; and is easy
to install using the CONDA package manager (it is available in both the CONDA-FORGE and ASTROCONDA channels).

The development of GLUE is done in the open and all the code is open-source—the source code for the main GLUE

package as well as many of the plugins can be found on GitHub, and we have user and developer mailing lists.
We welcome anyone interested in joining the project!
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"Drift-and-Shift" (DASH): A New Method for Wide-Field Near-IR
WFC3 Surveys

Ivelina Momcheva, imomcheva@stsci.edu

Many areas of research require observations of wide fields in order to
cover extended nearby objects (M31, Magellanic Clouds), identify rare
bright sources over large areas, beat cosmic variance, etc. From the
ground, large-format cameras are now doing wide optical and infrared
surveys ranging from the 12 deg  VIDEO and 155 deg  CFHTLenS
surveys, to the 4000 deg  UKIDSS Large Area Survey in the infrared (IR)
and the 5000 deg  Dark Energy Survey in the optical, up to SDSS which
covers ∼1/3 of the entire sky. Many of the science questions addressed by
these surveys can be greatly advanced with imaging at the resolution of the
Hubble Space Telescope, however, so far the areas imaged with Hubble
have been quite small. The largest optical area covered is the 1.7 deg
COSMOS field, observed with the Advanced Camera for Surveys (ACS)
at a cost of 640 orbits (Scoville et al. 2007); the largest infrared areas are
the 0.5 deg  PHAT survey of M31 (828 orbits; Dalcanton et al. 2012), and
the 0.24 deg  CANDELS survey (795 orbits; Grogin et al. 2011;
Koekemoer et al. 2011).

The reason for the lack of very wide Hubble surveys is its relatively small
field of view for a single observation (the ACS and Wide Field Camera 3
[WFC3]/IR fields of view are 11.3 arcmin  and 4.6 arcmin , respectively)
coupled with a time-consuming guide star acquisition—10 minutes are
required for the Fine Guidance Sensors (FGSs) to lock on a guide star. In
the best-case scenario, only four independent guide star acquisitions would
fit within a 50-minute orbital-visibility window (current policy allows a
maximum of two acquisitions per orbit), leaving just 160 seconds for
science exposures at each position. As a result, tiling large areas with
Hubble under fine guiding is very inefficient and many thousands of orbits
are needed to cover large areas of the sky.

There is a way to circumvent the limitations imposed by the guide star
acquisitions. If no new guide star is acquired between pointings, the
overhead decreases dramatically and it is possible to fit a larger number of
distinct pointings in a single orbit. Ever since the last servicing mission,
Hubble has had three working gyros at all times, irrespective of whether a
guide star is acquired or not. In a standard guided exposure, the pointing-
control system receives continuous corrections from the FGSs. Turning off
guiding merely stops the stream of corrections from the FGS and redirects
the pointing control system to use information from the gyros alone. The
effect of this switch is that the telescope begins to drift by typically 0.001
to 0.002 arcseconds per second and exposures longer than a minute in
gyro-only mode suffer reduced image quality along the drift axis.

2 2
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2

2

2
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Survey Acronyms
Decoded
CANDELS: Cosmic Assembly

Near-infrared Deep
Extragalactic Legacy
Survey

CFHTLenS: Canada-France-
Hawaii Telescope Lensing
Survey

COSMOS: Cosmic Evolution
Survey

GEMS: Galaxy Evolution
from Morphology and
SEDs (Spectral Energy
Distribution) Survey

GOODS: Great Observatories
Origins Deep Survey

PHAT: Panchromatic Hubble
Andromeda Treasury

SDSS: Sloan Digital Sky
Survey

UKIDSS: UKIRT (UK
Infrared Telescope) Infrared
Deep Sky Survey

UltraVISTA: Ultra [Deep]
Visible and Infrared Survey
Telescope for Astronomy
(VISTA)

VIDEO: VISTA Deep
Extragalactic Observations
Survey

mailto:imomcheva@stsci.edu
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For CCD detectors, such images would be scientifically unusable. However, an exposure with the WFC3/IR 
detector is composed of multiple non-destructive, zero-overhead reads. The exposure time between reads can be 
set between 2.9 and 200 seconds, and for times up to 25 seconds, the drift between them is less than 0.05 arcsec, 
or less than half of a 0.13 arcsec WFC3/IR pixel. The image obtained in the interval between two reads is simply 
the difference between two consecutive reads. Therefore, an unguided, gyro-controlled, 300 s exposure with 25 s 
reads effectively consists of 12 independent exposures that can be shifted and combined into a full-resolution 
image with hot pixels and cosmic rays removed. We have dubbed this new method "drift-and-shift" (DASH). A 
number of different DASH implementations are possible, however we find that observing eight pointings per orbit 
provides the most efficient use of an orbit. In this way, WFC3/IR can cover an area as wide as 1 deg2 in just 100 
orbits, much faster and less costly than previously possible.

The DASH technique opens an exciting new avenue for Hubble studies of galaxy evolution. Since the original 
Hubble Deep Field campaign in 1995 (Williams et al. 1996), the Hubble Space Telescope has imaged many
"blank" fields at many wavelengths to obtain a census of galaxies over most of the history of the universe. The 
survey strategy of the extragalactic community has been to image a few individual Hubble pointings to great 
depth. Examples are the Ultra Deep Field and the Frontier Fields
(Beckwith et al. 2006; Ellis et al. 2013; Illingworth et al. 2013; Lotz et al. 2016; also see the STScI Frontier Fields 
website; and for larger areas to shallower depth, the GEMS survey, the GOODS North and South fields, 
CANDELS, etc. (Rix et al. 2004; Giavalisco et al. 2004; Grogin et al. 2011; Koekemoer et al. 2011). The form of 
the luminosity function of most astronomical objects drives this "wedding cake" strategy of tiered surveys. The 
number density of faint objects is almost always larger than that of bright objects, which means that representative 
samples of faint objects can be obtained in deep, pencil-beam surveys and representative samples of bright objects 
require shallow, wide-area surveys.

Figure 1: Illustration of the "drift and shift" (DASH) method of restoring unguided Hubble images. (a) Shows the standard data product (the
FLT file) of an unguided, gyro-controlled exposure. The objects are smeared due to the lack of fine guidance sensor corrections. (b) Shows an
example of an individual sample that ultimately comprises the final exposure. The smearing is small in each individual sample. (c) Shows the
reconstructed image after shifting the samples to a common frame and adding them.

The first use of the DASH technique is the 57-orbit GO-14114 program (PI: van Dokkum) targeting the COSMOS
field and adding a new wide/shallow tier to the extragalactic wedding cake of surveys. The program is being
executed in Cycle 23 and will cover 0.6 deg of the (UltraVISTA) deep stripes (McCracken et al. 2012); these 
regions have deep complementary ground-based Y, J, H, and K imaging as well as deep Spitzer IRAC imaging 
from the SMUVS Exploration Science program (Spitzer GO-11016, PI: K. Caputi). Observations are carried out in 
the longest wavelength WFC3/IR filter, F160W, to maximize the color baseline at Hubble resolution. The first 
observations were obtained in October 2015 and initial results were presented in Momcheva et al. 2016.
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Figure 2: Examples of objects observed in the COSMOS-DASH program (GO-14114, PI: van Dokkum) demonstrate that final images are
well corrected and recover the full image quality of WFC3. (Top panel) Upper left shows the drifted WFC3 image of a known gravitational
lens in the field (Faure et al. 2008); the lower left shows the corrected image. On the right are color composites of the ACS F814W (blue) and
the COSMOS-DASH WFC3 F160W observations (red) of the lens. The Einstein ring has a radius of 0.74 arcsec. (Bottom panel) Examples of
high-redshift mergers observed with UltraVISTA (left) and WFC3 and ACS (right).

The DASH method was made available to users starting in Cycle 24 and as long as the telescope has three
operational gyros, we expect this method to be available in future cycles. This new technique is not just aimed at
large surveys, but also can make small programs more efficient. Furthermore, DASH may also be used with IR
slitless spectroscopy, providing a pathfinder for the future WFIRST mission that will eventually cover thousands of
square degrees with both imaging and spectroscopy. Taking advantage of the gyro-only guiding, users have also
come up with ways to carry out observations using WFC3/UVIS (ultraviolet and visible wavelengths).

The DASH technique is unique to Hubble and is unlikely to be used in future missions such as Webb and WFIRST.
Guide star acquisitions for both missions will be much shorter, and furthermore, since they will be located at L2,
visibility windows will be much longer than the 60 minutes in low-Earth orbit. As a result, both missions,
especially WFIRST with its 0.28 deg field of view, will be much more efficient at tiling large areas. In the 
meantime, DASH is opening new scientific opportunities with Hubble, demonstrating that even after 26 years in 
orbit, the observatory still has a few tricks hidden up its sleeve.
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Value-Added Research Enabled by High-Level Science Products 
Hosted at MAST

Anton M. Koekemoer, koekemoer@stsci.edu, and the STScI Archive Team at MAST

The Barbara A. Mikulski Archive for Space Telescopes (MAST) is one of NASA's premier astronomy data centers, 
along with the High Energy Astrophysics Science Archive Research Center (HEASARC) and the NASA/IPAC 
Infrared Science Archive (IRSA). MAST is the primary archive repository for data from several large, active space 
missions (Hubble, Kepler, XMM-OM, and Swift-UVOT); legacy data from past missions (GALEX, FUSE, IUE, 
EUVE, and others); planned data from future missions, for example, TESS and the James Webb Space Telescope; 
and all-sky surveys such as VLA-FIRST, GSC and DSS. MAST also provides access to enhanced products 
accessible via the Hubble Legacy Archive (HLA) and the Hubble Source Catalog (HSC). All current MAST news 
and updates are posted on our main archive website).

A widely used feature of MAST is our collection of High-Level Science Products (HLSPs, accessible to the entire 
community at http://archive.stsci.edu/hlsp). These consist of science-ready, fully reduced, publication-quality 
products—which we receive from teams in the community—for data related to any of the missions supported at 
MAST, in addition to data from HST Treasury, Archival Legacy, and Large programs (see
http://archive.stsci.edu/hst/tall.html). A wide variety of data is available on planets, stars, interstellar medium 
(ISM), galaxies, active galactic nuclei (AGN), clusters, and many other types of objects, across a wide range of
wavelengths spanning radio, infrared (IR), optical, ultraviolet (UV) and X‑ray energies. The data products include 
full-depth mosaics from large surveys, photometric catalogs, image atlases, spectral atlases, time series lightcurves,
spectral linelists, and model simulations, and also include interactive display tools in many cases.

The HLSPs at MAST are ideal for jumpstarting new science, and have gone through expert processing by the 
original science teams who delivered them to MAST, and who have also been using these products for their own 
science. Moreover, the quality of the products is attested to by refereed publications from these original science 
teams, where detailed descriptions are often presented on specialized processing and science validation tests that 
have been carried out by these teams on their HLSPs. In addition to science results from the original HLSP teams, 
there are also many examples of new and interesting science by others in the community, extending beyond the 
goals envisioned in the original proposals. We highlight here a couple of examples, by way of illustrating the 
diversity of science that is possible with these products.

One example of new science from these datasets is the measurement of the kinematics of the Orion Trapezium 
cluster (Olivares et al. 2013), where the data used for this project included the products from the HST Orion 
Treasury Survey (Robberto et al. 2013; with data available at https://archive.stsci.edu/prepds/orion/). The
resulting kinematic measurements, derived from a combination transverse and radial velocities, achieve an r.m.s. 
precision of 1 km s-1 per axis and show that at least one of the six components of this cluster is moving at a 
speed exceeding the escape velocity of the cluster. The remaining cluster members appear to be bound and 
virialized, hence this is a likely example of ejection of a component from a young star cluster.
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Full-color image of the from the HST Orion Treasury Survey (Robberto et al. 2013), which used WFPC3, ACS and NICMOS to carry out an
11-filter imaging survey of the entire region.

Another example of the use of HLSPs for science research beyond the original proposal comes from the Legacy
ExtraGalactic Ultraviolet Survey (LEGUS; Calzetti et al. 2015). This Treasury program obtained resolved Hubble
imaging in NUV, U, B, V, and I, for 50 nearby galaxies (i.e., closer than ∼12 Mpc). High-resolution UV imaging,
not previously available for >90% of the sample, is critical for the age-dating and identification of young massive
stars and clusters; accurate reconstruction (∼10 Myr) star-formation histories; and the breaking of the age-
extinction degeneracies on small scales. The LEGUS HLSP (available here) allowed the originating team to study
the relationships between star formation on two fundamental scales—those of galaxy disks over kiloparsecs, and
those of individual stars, stellar clusters and associations over parsecs. LEGUS observations and data products
support a wide range of community science, and approximately 50% of the papers published from this data are
from authors not on the LEGUS team. Two examples are:

Khan et al. (2015) used LEGUS data to examine five η Carinae candidates in nearby galaxies and find that
the substantial material resulting from an ejection may have occurred with the onset of carbon burning. This
data, with Spitzer observations, suggests the age of this occurrence (∼10 –10  years) corresponds with the
age of the shells detected.
Reynolds et al. (2015) searched LEGUS data for massive stars with M > M  that may have collapsed
without undergoing a dramatic visible SN event were examined in repeated observations of galaxies. The
signature provides identification of massive stars that disappear without a bright SN event due to a failed
explosive event. LEGUS data were combined with other Hubble observations to identify such massive-star
candidates. Of the six candidates identified, one in particular appears to be the site of a core-collapsed, non-
SN massive star in NGC 3021.

3 4
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This figure shows the comparison between the optical and UV LEGUS images of the nearby galaxy NGC 6503, where the older stellar
populations and H II regions visible in the ACS optical filters (F435W, F555W, F658N) can be compared with the bright young stars directly

visible in the WFC3/UVIS filters (F275W and F336W). The HLSP website contains interactive displays, including a slider that can be
dragged from left to right to directly reveal the UV stars underlying the optical H II regions.

We are always happy to receive new HLSPs that are related to observations obtained with any of the missions we
host at MAST. Benefits of hosting HLSPs at MAST include free, permanent, highly visible locations for the data,
as well as our ability to tie the data directly into searches made using our archive interfaces (for example the
MAST Portal or the Hubble Legacy Archive). We also generally associate a given HLSP dataset with refereed
papers provided by the contributing team, which provides additional visibility and citation opportunities for the
work done by that team. Large Hubble programs and Archival Treasury programs already commit to delivering
HLSPs to MAST, but we also welcome such products from others in the community. Please feel free to contact us
by sending us email, or by contacting us on Facebook, Twitter, or our new MAST Forum. We will be glad to
discuss options for providing new HLSPs with a high-visibility, permanent home at MAST, or consider any other
suggestions about adding further value to the science products available at MAST.
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Nancy A. Levenson Appointed STScI Deputy Director

Ann Jenkins, jenkins@stsci.edu

Dr. Kenneth R. Sembach, Director of the Space Telescope Science Institute, recently announced the appointment 
of appointment of Dr. Nancy Levenson to the position of STScI Deputy Director. Dr. Levenson is currently the 
Deputy Director and Head of Science of the Gemini Observatory. She provides leadership for Gemini South 
operations in Chile and has extensive knowledge of the technical, business, management, and public relations 
involved in running a major astronomical facility. She will arrive at the Institute in early November.

"I am so pleased that Nancy will be taking on the role of Deputy Director at STScI. She has a strong track record of
accomplishments and leadership that will be a tremendous asset for the busy years we have ahead operating
Hubble, getting ready for JWST science and flight operations, preparing for the Wide-Field Infrared Survey
Telescope (WFIRST), and operating the Mikulski Archive for Space Telescopes," said Dr. Sembach. "I'm looking
forward to working with her to make sure that this multi-mission institute continues its long tradition of providing
excellent service to NASA and the astronomical community."

Dr. Levenson earned bachelor's degrees from Harvard University and the University of Oxford before receiving a
Ph.D. in astronomy from the University of California, Berkeley, in 1997. After postdoctoral research at the Johns
Hopkins University, she joined the faculty in the Department of Physics and Astronomy at the University of
Kentucky in 2002, joining Gemini in 2009. Dr. Levenson's primary research interests are active galaxies and star
formation in their nuclei, which she explores over a range of wavelengths, from the mid-infrared through X-rays.
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Thomas M. Brown Appointed STScI Hubble Space Telescope
Mission Head

Ann Jenkins, jenkins@stsci.edu

Dr. Kenneth R. Sembach, Director of the Space Telescope Science 
Institute, recently announced the appointment of Dr. Thomas M. Brown 
to STScI Hubble Space Telescope Mission Head. Dr. Brown has a long 
history with Hubble and Webb. From 2001 to 2008, he served as an 
Instrument Scientist for Hubble's Space Telescope Imaging Spectrograph 
and Wide Field Camera 3. He then became the Webb Mission Scientist, 
where he prioritized and guided the Institute's work on Webb instruments 
and optics, and coordinated these efforts with teams throughout the 
Institute. In this role, he also worked with the Institute's partners on the 
development of the mission's operations and science support.

Dr. Brown is a recognized expert in using astronomical data collected 
with space observatories, including Hubble. He has been an active and 
highly successful Hubble observer for many years, focusing on the star-
formation histories of nearby galaxies and the late phases of stellar 
evolution.

Dr. Brown earned both his Ph.D. and M.A. in astrophysics from the 
Johns Hopkins University, where he also worked on the Hopkins 
Ultraviolet Telescope, flown on the Astro-2 space shuttle mission. He 
earned his B.S. in physics and astrophysics from Pennsylvania State 
University.
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Welcome to the New STScI Newsletter!

Carol Christian, carolc@stsci.edu, and Ann Jenkins, jenkins@stsci.edu

We are pleased to announce that the Space Telescope Science Institute (STScI) Newsletter has migrated to a
completely electronic form. There are many significant advantages in an all-electronic newsletter—for example,
we can publish articles incrementally to produce more timely information. Accordingly, we will release each issue
at roughly monthly intervals—a few articles at a time. Just prior to each semi-annual American Astronomical
Society meeting, we will send out a blast email announcement that the Summer/Fall or Winter/Spring collection of
issues is available.

By publishing entirely online, we can make slight updates to the articles if need be. When the volume is complete,
we also will compile all the articles into one PDF file, for those who prefer that format.

Where you come in is to provide us with suggestions and (kind) feedback but, also, let us know what articles you
would like to see and, importantly, what articles you might write for the Newsletter. Articles can be short,
demonstrating current and future Hubble, Webb, or WFIRST capabilities and science. Submissions to the STScI
Newsletter are copyedited by the publication team and reviewed by the mission offices. For Hubble articles, we
also solicit feedback from the GSFC HST Project Office. Constructive commentary from our readers is always
welcome. Authors are included throughout the process of editing and commentary. If you have an idea, let us
know. Our contact page is located at http://newsletter.stsci.edu/contact/. You can submit messages to the
newsletter team through the form at the bottom of that page.

Announcements of the monthly release, as well as the completed volume, will be posted on
http://www.stsci.edu/institute/newsletter, http://newsletter.stsci.edu, and http://www.stsci.edu.
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Late Breaking: The Final Frontier (Field)

C. Christian, carolc@stsci.edu, and the Frontier Fields Team

Hubble Frontier Fields (HFF) is a Director’s Discretionary Time campaign designed to probe as deep as is feasible
with the Hubble Space Telescope. The strategy has been to use the gravitational lensing of six strongly lensing
galaxy clusters to boost detectability of high redshift objects as described in a previous newsletter article by
J. Lotz, N. Reid, and K. Sembach.

The final Abell 370 visit of the HFF program executed successfully on September 11, 2016, around 6 p.m. local
(Eastern Standard) time. The data arrived safely onto disks at the Institute and processing and calibration began
immediately.

Hubble Advanced Camera for Surveys observation of Abell 370 in July 2009.

The HFF observations probed objects with redshifts out to and beyond z ∼ 10. Approximately 900 orbits were 
devoted to WFC3 and ACS observations of the clusters and parallel fields. Several teams discovered supernovae, 
cataloged extremely distant galaxies, measured globular clusters around the lensing clusters, and constructed a 
suite of theoretical lens models. More than 90 publications have resulted, and hundreds of copies of the images 
have appeared in exhibits, presentations, websites, and blogs. The program was a huge success, digging deeply into 
the performance and calibration of the Hubble instruments. By any measure, HFF is a huge achievement by the 
team and the community. A more in-depth article will be forthcoming in a future Newsletter issue.
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