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STScI at the AAS 229: January 2017, Grapevine, TX

STScI will be at the 229th AAS meeting in Grapevine, TX with an exhibit booth and several 
associated events highlighting the missions we support for the science community. This event marks 
the formal beginning of the Webb community science mission. There will also be technical 
presentations in instrument sessions, a wide variety of science presentations, press releases, and 
ample time to confer with Hubble, Webb, WFIRST, MAST, Human Resources, and other experts 
throughout the meeting and in the exhibit booth. (C. Christian & B. Lawton)

Recent Results from the SPLASH Survey of the Andromeda Galaxy:
Combining the Power of Hubble Imaging with Ground-based
Spectroscopy

The combination of deep, resolved Hubble imaging and ground-based stellar spectroscopy provides a 
powerful mechanism for enhancing our understanding of M31's stellar populations. One example is 
the discovery that M31's giant stellar stream and prominent shell features are tidal debris from a 
single merger.

We have extended the SPLASH spectroscopic survey to cover fields throughout M31's stellar disk. 
The vast majority of these spectroscopic masks overlap with the coverage of the PHAT survey, that 
obtained contiguous UV to IR imaging over one-third of M31's disk. (K. Gilbert & the SPLASH 
team)

http://newsletter.stsci.edu/


2016 - Vol. 33 - Issue 04 — STScI Newsletter

Very Massive Stars in the Nuclear Clusters of NGC 5253

The upper mass limit for stars is not known with any certainty. The best means of observationally 
determining this parameter is to study the content of young, massive star clusters. The clusters need 
to be young (<2 data-preserve-html-node="true" Myr) because of the short lifetime of the most 
massive stars, and they need to be massive enough to sample the full extent of the initial mass 
function. The massive star cluster R136 in the 30 Doradus region of the LMC is the only nearby 
resolved cluster which is young and massive enough to measure the IMF, and thus empirically 
determine the stellar upper mass cutoff. (L. Smith)

Hubble Space Telescope User's Committee

The HST User's Committee (STUC) met on October 20–21, 2016. Their role is to review the current 
status of the Hubble observatory, including the health of the telescope and instrumentation, as well 
as the scientific productivity of the facility. The group also makes recommendations regarding 
policy and observing strategies. (C. Christian & T. Brown)

Scheduling Hubble in the Era of Webb

After its launch, Webb will provide access to near- and
mid-infrared wavelengths at unparalleled sensitivity
and resolution. Meantime, Hubble continues to stand
as the prime space observatory at visual and ultraviolet
wavelengths. Consequently, Institute staff members
have been working with the Hubble and Webb Project
teams at GSFC and with the STUC to optimize
community access and logistical support for both
observatories. (I. N. Reid)
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The Program of Last Resort (An Unusual ACS SNAP Gap Filler)

Despite the best efforts of the Hubble schedulers to allocate every last orbit, a small but 
persistent fraction (∼2–3%) of the orbits go unused. Salvaging this unused observing time 
presents an opportunity for the Institute to benefit the astronomy community. The Institute's 
Hubble Mission Office has initiated a pilot, ultra-low priority, SNAP program (14840, PI: 
Bellini) in Cycle 24, with the goal of taking useful data in Hubble orbits that absolutely no other 
program is able to use. (A. Bellini & N. Grogin)

Version 2 of the Hubble Source Catalog

The goal of the Hubble Source Catalog (HSC) is to provide a comprehensive single point of 
access for Hubble sources. Due to the complexity of the target coverage, creating such a 
catalog is a considerable challenge. But given the sensitivity of Hubble, there is great potential 
for scientific discovery through such a catalog. (S. Lubow and the HSC Team)

Reflections from the Frontier

The Frontier Fields program was designed to push Hubble’s capabilities to the extreme, by 
using the power of gravitational lensing to see further back in time than ever before. By equal 
measure, the project has pushed the limits of our understanding of Hubble’s two main imaging 
cameras and has led to new initiatives that ultimately benefit science for the entire user 
community. (J. Mack & N. Grogin)
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The Origins Space Telescope Mission Study

The Origins Space Telescope is an evolving concept for the Far-Infrared Surveyor mission, and 
the subject of one of the four science and technology definition studies supported by NASA 
Headquarters to prepare for the 2020 Astronomy and Astrophysics Decadal Survey. In this 
article, we expand on some key science drivers identified by the team, describe the status of our 
study, and solicit your science and technology ideas and input to our process. (M. Meixner, A. 
Cooray, & the Origins Space Telescope Science and Technology Definition Team)

Arfon Smith Named Head of the Institute’s New Data Science
Mission Office (DSMO)

The Institute welcomes Dr. Arfon Smith as the new Data Science Mission Office (DSMO) Head. Dr. Smith is responsible 
for maximizing the scientific returns from MAST, a huge data facility containing astronomical observations from 18 space 
astronomy missions and ground-based observatories. He will guide the optimization of the Institute's ability to help the 
scientific community address the challenges of accessing and working with large, complex astronomical observations. (A. 
Jenkins)

The JWST Advisory Committee (JSTAC): The Impact of a Long 12-
Month Proprietary Period

JSTAC's charge in advising the STScI Director can be distilled down to: "maximizing JWST's 
scientific productivity." This article focuses on the question of the length of the proprietary 
time for JWST. JSTAC's role is just to make recommendations for STScI to take into 
consideration in its decisions, and in discussions with NASA and the JWST partner agencies. 
The discussion in this article reflects the views and recommendations of JSTAC, and should 
not be considered to be STScI views or policy. (G. Illingworth)
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STScI at the AAS 229: January 2016, Grapevine, TX

Carol Christian, carolc[at]stsci.edu, and Brandon Lawton, lawton[at]stsci.edu

The Space Telescope Science Institute (STScI) will be at the 229th AAS meeting in Grapevine, TX with an exhibit
booth and several associated events highlighting the missions we support for the science community. In particular,
the Webb Town Hall will feature the public release of the tools needed to create Webb proposals, as well as the
Early Release Science Call for Proposals. This event marks the formal beginning of the Webb community science
mission. There will be a special session (#209) on joint observing programs between Hubble and other
observatories. There will also be technical presentations in instrument sessions, a wide variety of science
presentations, press releases, and ample time to confer with Hubble, Webb, WFIRST, MAST, Human Resources,
and other experts throughout the meeting and in the exhibit booth.

Exhibit booth

Institute staff representing the Hubble, Webb, 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 user community support. Institute experts will demonstrate the Mikulski Archive for Space
Telescopes (MAST) portal and the new Hubble spectroscopic archive, as well as new software products for data
analysis. A website and modern 3-D ExposurE TimE CalCulaTor (ETC) for Webb, and PSF and image simulations for
WFIRST will also be shown. The Institute will have updated booklets on Hubble and Webb instruments and related
information in the booth.

"Ask an Expert"

The Institute will offer one-on-one appointments with expert staff members to provide individual assistance on a
variety of topics from Hubble, Webb, WFIRST, and MAST. Topics include instrument capabilities (e.g., Webb's
MIRI instrument and the Hubble WFC3 DASH survey technique), proposal planning tools (e.g., APT and ETC),
pipeline products, and data analysis tools. Experts can provide guidance in areas such as proposing for Webb,

http://newsletter.stsci.edu/
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information on mid-cycle Hubble proposals, coordinated observations with other observatories, and future Webb 
and Hubble linked programs. This service will be available through a website signup. Science-user attendees may 
sign up on-line for free "Ask-an-Expert" appointments at the Institute booth. The appointment service will list 
several categories where Institute staff can provide help, and the times when experts are available. Once you select 
a category and appointment time, the service will send a meeting reminder along with the name of the Institute 
staff member who will provide assistance.

Experts from our Office of Public Outreach will also be on hand to discuss new opportunities for scientists to 
become involved in E/PO initiatives, and explain our augmented reality tool for use with hand held devices. 
Personnel from Human Resources will be available to discuss career opportunities.

https://bookstsci.timetap.com/
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Recent Results from the SPLASH Survey of the Andromeda Galaxy:
Combining the Power of Hubble Imaging with Ground-based
Spectroscopy

Karoline Gilbert, kgilbert[at]stsci.edu, and the SPLASH team

Background

Stellar halos provide a window into the formation histories of individual galaxies. Stellar halos are built largely
from the accretion and disruption, influenced by gravitational tidal forces, of smaller satellite galaxies. Debris
features from these disruption events remain identifiable for billions of years, providing observable signatures of
the merger histories of individual galaxies. However, star formation also plays a part in building up the inner
regions of stellar halos, either via stars formed in situ in the early disk of the host galaxy, or formed from gas
deposited in the host galaxy by disrupted satellites.

With current instrumentation, the only stellar halos that can be studied in great detail are those of the Milky Way
and Andromeda (M31), the two large spiral galaxies of the Local Group. While M31's distance has historically
precluded measurements that are common-place for the Milky Way's halo, the last decade has seen tremendous
progress. This progress has largely been due to the photometric and spectroscopic observations obtained by the
PAndAS (Pan-Andromeda Archaeological Survey; McConnachie et al. 2009), SPLASH (Spectroscopic and
Photometric Landscape of Andromeda’s Stellar Halo; Guhathakurta et al. 2005, 2006; Gilbert et al. 2006), and
PHAT (Panchromatic Hubble Andromeda Treasury; Dalcanton et al. 2012) collaborations. The combination of
large-scale, contiguous photometric surveys and pointed spectroscopic surveys has been particularly powerful for
discovering debris features and disentangling M31's structural components.

Observational strategy

The SPLASH collaboration has imaged more than 80 fields and obtained more than 20,000 stellar spectra in M31's
disk, dwarf galaxies, and halo, in fields ranging from 2 to 230 kpc in projected distance from the galaxy's center.
The photometric data are primarily taken with the Mosaic camera on the Mayall 4-m telescope on Kitt Peak, and
include intermediate-width selected band imaging that allows us to select spectroscopic targets likely to be stars at
the distance of M31. The SPLASH spectroscopic data are taken with the DEIMOS multi-object spectrograph on
the Keck II 10-m telescope. The spectra allow us to identify stars belonging to the M31 system (Gilbert et al.
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2006), analyze the velocity distributions of stars in each field, and identify debris features from disrupted satellite
galaxies via their relatively small line-of-sight velocity dispersions (Guhathakurta 2006; Kalirai et al. 2006; Gilbert
et al. 2007; Gilbert et al. 2009a,b).

We are using the SPLASH halo dataset (Figure 1) to learn about the global properties of M31's stellar halo, M31's
surviving dwarf galaxy satellites (Majewski et al. 2007; Kalirai et al. 2009; Howley et al. 2008; Kalirai et al. 2010;
Tollerud et al. 2012; Ho et al. 2012; Howley et al. 2013), and the ensemble of disrupted dwarf galaxies that built
the halo.

Figure 1: The SPLASH Keck/DEIMOS spectroscopic fields in M31's stellar halo, overlaid on the PAndAS star count map (McConnachie
et al. 2009). The spectroscopy targets fields on and off halo substructure, and cover a large range in radius (from Gilbert et al. 2014).

Global properties of M31's halo

We have shown that M31's stellar halo extends to at least 180 kpc in projection from the galaxy's center with no
indication of halo truncation, even though we are now tracing it to two-thirds of the estimated virial radius (Gilbert
et al. 2012). The data also show a clear gradient in metallicity that extends to 100 kpc (Gilbert et al. 2014).

This large-scale metallicity gradient, when compared to the results of simulations of stellar halo formation, implies
that the bulk of M31's stellar halo was likely built primarily from one to a few relatively massive dwarf galaxies.
We also observe significant field-to-field scatter in the mean metallicities and surface brightnesses of fields at large
radius. This implies that recently accreted, small dwarf galaxies have contributed substantially to the outermost
regions of M31's stellar halo.

To make more concrete statements about the luminosity function and time of accretion of the satellites that formed
M31's stellar halo, we will need to make more detailed measurements of the chemical abundances of halo stars,
including the ratio of alpha element abundances (Ne, Mg, Si, S, Ar, Ca, and Ti) and iron abundance. Vargas et al.
(2014a,b) published the first [α/Fe] measurements of M31 stars (including four halo stars and measurements in
nine dwarf galaxies). The SPLASH dataset provides a rich archive for measuring [α/Fe] in many more halo fields.

http://adsabs.harvard.edu/abs/2009Natur.461...66M
http://adsabs.harvard.edu/abs/2009Natur.461...66M
http://adsabs.harvard.edu/abs/2012ApJ...760...76G
http://adsabs.harvard.edu/abs/2012ApJ...760...76G
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Leveraging Hubble imaging

The combination of deep, resolved Hubble imaging and ground-based stellar spectroscopy provides a powerful
mechanism for enhancing our understanding of M31's stellar populations. One early example is the discovery that
M31's giant stellar stream and prominent shell features are tidal debris from a single merger (Brown et al. 2006;
Fardal et al. 2007; Gilbert et al. 2007).

We have extended the SPLASH spectroscopic survey to cover fields throughout M31's stellar disk (Figure 2;
Dorman et al. 2012, 2013, 2015; Hamren et al. 2015). The vast majority of these spectroscopic masks overlap with
the coverage of the PHAT survey (Figure 3; Dalcanton et al. 2012), a Hubble Space Telescope Multicycle Treasury
Program that obtained contiguous ultraviolet (UV) to infrared (IR) imaging over one-third of M31's disk.

Figure 2: Spatial coverage of the PHAT imaging (white rectangles) and SPLASH spectroscopy (magenta rectangles)in M31's disk, overlaid
on a GALEX UV image (from Dorman et al. 2015).

Figure 3: The full PHAT mosaic (left) and a detail showing the resolved stellar populations in M31's disk (right). The PHAT photometry has
been used for spectroscopic target selection, as well as joint spectroscopic and photometric analyses of the properties of the various stellar
populations in M31's inner regions.

The addition of Hubble PHAT imaging in M31's disk has proven to be a powerful tool in both obtaining and
analyzing the stellar spectra. The PHAT imaging was used in selecting targets for spectroscopy, both to identify
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isolated stars in crowded regions and to target rare stellar populations in the existing survey. Spectroscopic
measurements from the SPLASH survey were analyzed in conjunction with the photometric measurements from
the PHAT survey to derive exciting results about the nature and origin of the stellar populations in M31's disk and
inner halo described below.

The luminosity function of resolved stars in M31, as observed by PHAT, was used in conjunction with the stellar
velocity distribution from SPLASH spectra and integrated-light surface photometry to model the strength of M31's
stellar bulge, disk, and halo as a function of radius (Dorman et al. 2013). We found that the number of stars with a
disk-like luminosity function is larger than the number of stars with disk-like kinematics. This is the first direct
evidence that there are stars that were born in M31's disk and subsequently dynamically heated into the halo,
resulting in a population of stars in the galaxy's inner regions that have a disk-like luminosity function, but a
spheroid-like velocity distribution.

We have also used the colors and magnitudes of stars, obtained from PHAT photometry, to measure the velocity
dispersion of M31's disk as a function of stellar age (Dorman et al. 2015). The observed line-of-sight velocity
dispersion increases with the age of the stellar population, as has been observed in the Milky Way. However, the
relationship between age and velocity dispersion in M31's disk is significantly steeper than that found in our Milky
Way, and the average velocity dispersion of M31's stellar disk at young ages is significantly higher as well. Both
findings lend yet more observational support to the hypothesis that M31 has experienced a more violent merger
history than the Milky Way.

Next steps

The combination of large-scale, contiguous imaging of resolved stellar populations and resolved stellar
spectroscopy has revolutionized our view of the M31 galaxy and its stellar populations. These data are providing us
with a window into the formation and evolution of M31, together indicating that the galaxy has experienced an
active merger history. With next generation instrumentation, including Webb, WFIRST, and extremely large
ground-based telescopes, similar studies can be performed in more distant galaxies, thereby allowing us to
determine just how unique (or common) such an active merger history is.
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Very Massive Stars in the Nuclear Clusters of NGC 5253

L. Smith, lsmith[at]stsci.edu

The upper mass limit for stars is not known with any certainty. The best means of observationally determining this
parameter is to study the content of young, massive star clusters. The clusters need to be young (<2 Myr) because
of the short lifetime of the most massive stars, and they need to be massive enough (>10  M ) to sample the full
extent of the initial mass function (IMF).

Figer (2005) derived an upper mass limit for stars of 150 M  using the Arches cluster near the center of our
Galaxy. However, the Arches cluster is too old at 4 Myr to sample the true initial mass function (IMF), because
stars more massive than 150 M  will have already exploded.

In a star-forming region, the most massive stars will dominate the ionizing and stellar wind feedback for the first
few million years. The amount of feedback will be severely underestimated from models if the upper stellar-mass
cut-off of the IMF is too low. Most stellar-population synthesis models, which are used to infer the stellar content
and feedback of unresolved star-forming regions, adopt cut-off values of 100 or 120 M  (e.g., Starburst99;
Leitherer et al. 1999).

The massive star cluster R136 in the 30 Doradus region of the Large Magellanic Cloud (LMC) is the only nearby
resolved cluster which is young and massive enough to measure the IMF, and thus empirically determine the stellar
upper mass cutoff. In a series of papers, Crowther et al. (2010, 2016) used far-ultraviolet (FUV) spectra obtained
with spectrographs on Hubble to determine the masses of the most massive stars using modeling techniques. They
found that the R136 cluster is only 1.5 ± 0.5 Myr old and contains eight stars more massive than 100 M , with the
most massive star (called R136a1) having a current mass of 315 ± 50 M . The four most massive stars account for
one-quarter of the total ionizing flux from the star cluster. These very massive stars (VMS; M > 100 M ) have very
dense, optically thick winds and their emission-line spectra resemble Wolf-Rayet (W-R) stars, but they are
hydrogen-rich and on the main sequence.

Beyond R136, the best means of finding VMS is to look for their spectral signatures in the integrated FUV light of
young massive star clusters in star-forming galaxies. NGC 5253 is a blue compact galaxy with a young central
starburst at a distance of 3.15 Mpc. The galaxy is part of the Legacy Extragalactic UV Survey (LEGUS), a
Cycle 21 Hubble treasury program. In a paper by Calzetti et al. (2015), we combined the LEGUS imaging with
Hubble archive images and derived the masses and ages of the bright, young star cluster population of NGC 5253
using 13-band photometry. In Figure 1, the LEGUS image of NGC 5253 is shown and the inset shows the two
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clusters (numbered #5 and #11) at the center of the galaxy. Cluster #5 coincides with the peak of the Hα emission
in the galaxy and cluster #11 with a massive ultra-compact H II region.

Figure 1: Three-color composite of the central 300 × 250 pc of NGC 5253 from Calzetti et al. (2015). The 11 brightest clusters are identified
and numbered. The inset shows a detailed view of the two nuclear clusters #5 and #11, which are separated by a projected distance of 5 pc.

We found that the two nuclear clusters have ages of only 1 ± 1 Myr and masses of 7.5 × 10  and 2.5 × 10  M .
Interestingly, the very young ages we derive contradict the age of 3–5 Myr, inferred from the presence of W-R
emission-line features in the optical spectrum of cluster #5. Could these W-R features arise from very massive stars
instead? To answer this, we examined archival far ultraviolet (FUV) Space Telescope Imaging Spectrograph
(STIS) and Faint Object Spectrograph (FOS) spectra and optical spectra from the Very Large Telescope (VLT) of
cluster #5 to search for the spectral features of VMS. This study is described in Smith et al. (2016).

The FUV spectra show that cluster #5 does indeed have the signature of VMS rather than much older classical W-
R stars. The FUV spectrum of cluster #5 is shown in Figure 2 and compared to the integrated FUV STIS spectrum
of R136a (Crowther et al. 2016), which has been scaled to the distance of NGC 5253. The similarity between the
two spectra is striking. The crucial VMS spectral features are the presence of blue-shifted O V λ1371 wind
absorption, broad He II λ1640 emission, and the absence of a Si IV λ1400 P Cygni profile (expected in classical W-R
stars). Crowther et al. (2016) find that 95% of the broad He II emission shown in the R136a spectrum in Figure 2
originates solely from VMS. Thus, the presence of this feature in emission together with the O V wind absorption
indicates a very young age (<2 Myr) and a mass function that extends well beyond 100 M .
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Figure 2: The Hubble FUV spectrum of NGC 5253 cluster #5 compared to the integrated Hubble/STIS spectrum of R136a (Crowther et al.
2016). The R136a spectrum is scaled to the distance of NGC 5253. The flux is in units of 10  erg s  cm  Å .15 -1 -2 -1

The presence of very massive stars in cluster #5 (and also probably cluster #11) can also explain the very high
observed ionizing flux. Previous studies have assumed an age of 3–5 Myr and found that standard stellar-
population synthesis codes significantly under-predict the ionizing flux. For an age of 1 Myr, the predicted ionizing
flux is still too low by a factor of 2 for a standard IMF with an upper mass cut-off of 100 M . However, only
12 VMS with M > 150 M  are needed to make up the deficit.

The UV spectrum of cluster #5 shows many similarities with the rest frame spectra of metal-poor, high-redshift
galaxies with broad He II emission and strong O III] and C III] nebular emission lines. If VMS exist in young star-
forming regions at high redshift, their presence should be revealed in the UV rest-frame spectra to be obtained by
the James Webb Space Telescope. For all studies near and far, it is crucial to extend stellar population synthesis
models into the VMS regime to correctly model the spectra, and account for the radiative- and stellar-wind
feedback, which will be dominated by VMS for the first 1–3 Myr in massive star-forming regions.
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Hubble Space Telescope User’s Committee

Carol Christian, carolc[at]stsci.edu, and Tom Brown, tbrown[at]stsci.edu

The HST User’s Committee (STUC) met on October 20–21, 2016. Their role is to review the current status of the
Hubble observatory, including the health of the telescope and instrumentation, as well as the scientific productivity
of the facility. The group also makes recommendations regarding policy and observing strategies. In order to
accomplish this, the STUC receives briefings from the Hubble Mission personnel (at the Institute) and the Project
(at Goddard Space Flight Center). They also welcome input from the user community at large. At the STUC web
page one can find the STUC reports and a mechanism for contacting the STUC.
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Scheduling Hubble in the Era of Webb

I. Neill Reid, inr[at]stsci.edu

In less than two years, the James Webb Space Telescope will be launched on an Ariane rocket from the European
Space Agency’s (ESA’s) space site at Kourou, French Guyana. Webb will provide the worldwide community with
access to near- and mid-infrared wavelengths at unparalleled sensitivity and resolution. Meantime, Hubble
continues to stand as the prime space observatory at visual and ultraviolet wavelengths. Hubble is currently in
excellent health, and NASA has indicated that it will continue to operate the observatory as long as it is
scientifically productive, as assessed by the periodic Senior Review process. Institute staff members have been
working with the Hubble and Webb Project teams at Goddard Space Flight Center and with the Space Telescope
Users Committee (STUC) to optimize community access and logistical support for both observatories.

Programmatic synergies

Hubble science operations are highly likely to overlap with Webb; however, there are no guarantees regarding the
operational characteristics of any particular Hubble science instrument more than three years in the future.
Consequently, if there are key science investigations that require Hubble's unique capabilities, it is essential that the
community act sooner, rather than later. To that end, we created the category of Webb Preparatory Proposals for
Cycle 24, and we are continuing that category in Cycle 25.

Time allocation committees always struggle in dealing with the tension between "science now" and "science later."
That is particularly the case with Webb preparatory proposals, where the full science potential of the program may
only be realized with the Webb observations; indeed, the Hubble observations alone may provide little new
scientific insight, even if they are crucial to the overall investigation. We are addressing this tension by
emphasizing that the TAC must focus their assessment on the full program; that is, the key parameter is "science
later"—what is the impact and importance of the science enabled by the combined Hubble and Webb datasets?

Hubble has established a number of joint programs with other observatories, notably Chandra, XMM, NOAO, and
NRAO. Those programs mitigate the double jeopardy inherent to supporting multi-wavelength programs through
multiple TAC processes. Indeed, the Institute and Chandra X-ray Center are extending the joint Hubble–Chandra
program to include large programs, requiring at least 75 orbits of Hubble time and 400 Msecs of Chandra
observations. Joint Hubble–Webb observations will not be available for Webb Cycle 1, although they may be

http://newsletter.stsci.edu/
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introduced in later cycles. However, modifications to the schedule for Hubble’s Cycle 26 will provide the
community with opportunities for observational synergies.

Proposal schedule

Hubble typically follows an annual proposal cycle. In recent years, the Call for Proposals has been issued in early
January with the Phase I proposal deadline in mid-April, the Telescope Allocation Committee (TAC) meeting in
early June and the Phase II proposals and budgets due in early to mid-July. The observing cycle runs from
October 1 through to September 30 in the following year. Webb will also follow an annual proposal cycle, with the
anticipated observing for Cycle 1 starting in mid-April 2019 and running through to April the following year.
Starting in Cycle 2 (2020/2021), the Webb General Observer (GO) Call will be issued in early September, with the
proposal deadline in early December and the TAC meeting in February.

The Webb Cycle 2 (and beyond) schedule integrates well with the current Hubble schedule, easing the
community’s workload. That is not the case, however, for the Webb Cycle 1 proposal schedule. The Call for
Proposals for Cycle 1 GO proposals will be issued in late November 2017, with the proposal deadline set for
March 3, 2018 and the TAC meeting in mid-May 2018. Clearly, this is uncomfortably close to the nominal Hubble
Cycle 26 schedule. In addition, we should note that the TAC for Chandra’s Cycle 20 will meet in mid-June 2018,
while the ALMA Cycle 6 TAC will meet in late June 2018. Combining all of these activities represents a
significant stress on the worldwide community, both with regard to developing and submitting observing proposals
and participating in the review process.

Recognizing the impact on the community, the Institute has worked with its partners and stakeholders to develop a
revised schedule for the Hubble Cycle 26 proposal ingestion and review that will mitigate the impact on the
community. The resulting implementation plan can be summarized as follows:

The Cycle 25 TAC will pre-allocate a subset of Cycle 26 programs, allowing us to allocate the remainder of
Cycle 26 orbits in a ∆Call and ∆TAC scheduled later in 2018.
Hubble will continue to offer mid-cycle opportunities, with two deadlines prior to and one after the Cycle 26
deadline.
Hubble will resume the current proposal schedule in 2019 for Cycle 27.

The overall schedule is shown in Figure 1.

Figure 1: The Hubble proposal schedules for Cycles 25, 26, and 27.
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Expanding on the schedule, the Cycle 25 TAC will allocate a total of ∼4750 orbits; this compares with ∼3200
orbits available in a typical year. Table 1 shows the distribution by proposal size. Note that ∼250 orbits in Cycle 25
are already allocated in support of the Panchromatic Comparative Exoplanetary Treasury Program, the very large
program selected by the Cycle 24 TAC; moreover, the Institute is reserving a further 150 orbits for the Chandra
TAC to allocate in support of Large Joint Hubble–Chandra programs. The Cycle 25 TAC will also have a larger
SNAP allocation, and accepted proposals will carry the same priority level in Cycles 25 and 26. Accepted GO
programs will be designated as either Cycle 25 or Cycle 26 based on their scheduling profile within the Long
Range Plan, i.e., subsequent to the Phase II and budget submissions. Up to 200 Cycle 25 orbits will be reserved for
mid-cycle proposals. Those proposals, limited to no more than 10 orbits, provide an opportunity to respond to
discoveries made subsequent to the Cycle 25 deadline.

Table 1: Orbit allocation for the Cycle 25 TAC.

The majority of the remaining orbits in Cycle 26, ∼1500, will be allocated by the ∆TAC, scheduled for October
2018. The Cycle 1 Webb GO programs will be known at least six weeks in advance of the Phase I proposal
deadline, in mid-July 2018, providing the community with an opportunity to propose complementary Hubble
programs. Given the relatively limited orbit allocation, the Cycle 26 ∆TAC will only consider proposals in the
following categories:

Medium, Large and Treasury GO proposals;
Joint Hubble–Chandra, Hubble–NRAO, and Hubble–XMM proposals; and
AR Legacy proposals, including Legacy Theory proposals.

The Cycle 26 ∆TAC will not include an opportunity to apply for small Hubble proposals (<35 orbits) except as
joint observatory proposals. This approach decreases the workload for the community, with regard to both proposal
preparation and review, in a year where the Cycle 1 Webb call is likely to attract substantial attention. We will
reserve approximately 300 orbits for smaller-scale Cycle 26 mid-cycle proposals, with a deadline of January 31,
2019.

Our current plans are to return to the "standard" Hubble proposal schedule for Cycle 27, with the Phase I deadline
in early April and the TAC meeting in June. However, we are considering modifications to the review process.
Specifically, we are considering a conceptual process where external reviews (à la mid-cycle process) are used to
assess regular GO and AR proposals. The on-site TAC will review the highest ranked regular proposals for overall
topical balance, and will directly assess the medium and Large/Treasury programs. The goal in adopting this
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revised process is to reduce the overall workload for the community. The detailed mechanisms for achieving this
goal will be developed in consultation with the Hubble Project and the STUC.

Summary

Hubble and Webb will provide the astronomical community with complementary capabilities at UV/optical and
near/mid-IR wavelengths. We have been working with the Hubble and Webb projects at GSFC and with the STUC
to develop formalisms to enable the community to take full advantage of those capabilities. We are modifying the
proposal schedule for Hubble’s Cycles 25 and 26 to mitigate the workload on the community, while preserving
opportunities for synergies between the observatories.



The Program of Last Resort (An Unusual ACS SNAP Gap Filler) — STScI Newsletter

The Program of Last Resort (An Unusual ACS SNAP Gap Filler)

Andrea Bellini, bellini[at]stsci.edu, and Norman Grogin, nagrogin[at]stsci.edu

Every year, the Institute allocates over 3000 orbits of Hubble time to approved General Observer, Snapshot
(SNAP), and Director's Discretionary programs. The many targets among all these programs are not distributed
uniformly around the celestial sphere, and most targets have observational constraints that limit their schedulability
to something less than the entire year. Despite the best efforts of the Hubble schedulers to allocate every last orbit,
a small but persistent fraction (∼2–3%) of the orbits go unused. Salvaging this unused observing time presents an
opportunity for the Institute to benefit the astronomy community.

The Institute's Hubble Mission Office has initiated a pilot, ultra-low priority, SNAP program (14840, PI: Bellini) in
Cycle 24, with the goal of taking useful data in Hubble orbits that absolutely no other program is able to use. The
current target list, subject to change, comprises Hubble-unobserved, moderately large, and bright NGC/IC galaxies.
All targets are identically observed with two dithered 337‑second exposures, using the F606W (wide‑V) filter of
the Advanced Camera for Surveys (ACS)/Wide Field Channel (WFC). This shortest possible exposure time allows
a parallel buffer dump for ACS/WFC, thereby maximizing the efficiency of scheduling. There are no configuration
constraints placed on the observations, again allowing for maximal Hubble schedulability.

The initial target list for this program is drawn from the revised NGC/IC catalog maintained by W. Steinicke.
After excluding non-galaxies and the already-Hubble-observed galaxies, the catalog is then culled based on galaxy
size. Galaxies are selected with diameters in the range of 0.9–1.6 arcminutes, which largely spans one of the two
ACS/WFC charge-coupled devices (CCDs). To obtain a suitably large number of galaxies (≈500) for a full Hubble
cycle of observations, the sample is further restricted to the magnitude range 11.4 ≤ m  ≤ 12.6.

Milky Way obscuration naturally results in an uneven distribution in Right Ascension (R.A.) of magnitude-limited
NGC/IC galaxies. It is desirable for a snapshot target list to be reasonably homogeneous across the sky, so that
Hubble can always slew to an available target regardless of the prior orbit's pointing. This program's R.A.
distribution is therefore leveled, in R.A. ranges impacted by heavier Milky Way obscuration, by adding NGC/IC

galaxies up to 0.7 mag fainter (m  ≤ 13.3). Figure 1 shows the locations of the final list of 491 NGC/IC targets on
the sky (in blue).

Figure 2 shows a snapshot of one already-observed galaxy.

V

V

http://newsletter.stsci.edu/
http://www.klima-luft.de/steinicke/ngcic/ngcic_e.htm
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Figure 1: The locations of the final list of 491 NGC/IC targets (blue symbols) on the sky. At the time of writing, 13 galaxies have already
been observed (green symbols). Targets scheduled for observation in the coming weeks are denoted by red symbols. The histograms at the
bottom show the distribution of targets in R.A. and Declination (Dec.). The red line in the histograms indicates perfectly uniform distribution
on the celestial sphere.

Figure 2: A snapshot of one already-observed galaxy.

This program is ordained to have the very lowest priority of any Hubble program currently scheduled. Its sole
purpose is to fill schedule gaps remaining after all other programs have populated the observing calendar. In the
summer of 2017, the Institute will solicit additional target lists from the astronomical community, likely involving
a short justification outside of the ASTRONOMER'S PROPOSAL TOOL. The limitations of this call will be: (1) two fixed-length
(337 second), dithered, single-filter ACS/WFC exposures per target; (2) single guide-star suitability; (3) no
proprietary period; and (4) no associated funding. A uniform distribution of targets across the celestial sphere is
desirable.
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Version 2 of the Hubble Source Catalog

Steve Lubow, lubow[at]stsci.edu, and the HSC Team

In its 25-year history, the Hubble mission has accumulated over one million exposures that cover tens of thousands
of astronomical targets, involving about a dozen instruments, and hundreds of filters. Hubble is not typically used
as a survey instrument, however. Targets are covered by up to thousands of overlapping images from several
proposals with different science objectives. These images are taken with a variety of detectors, filters, exposure
times, and orientations. The goal of the Hubble Source Catalog (HSC) is to provide a comprehensive single point
of access for Hubble sources. Due to the complexity of the target coverage, creating such a catalog is a
considerable challenge. But given the sensitivity of Hubble, there is great potential for scientific discovery through
such a catalog.

The HSC describes the properties of astronomical objects that result from cross-matching sources across Hubble
images. The catalog provides temporal, spectral, and morphological information about objects, as well as
information about undetected objects. The HSC currently contains sources detected in three of the main imaging
instruments: the Advanced Camera for Surveys (ACS) for the Wide Field Camera detector, Wide Field Planetary
Camera 2 (WFPC2), and Wide Field Camera 3 (WFC3) for both the infrared (IR) and ultraviolet/visible (UVIS)
detectors. However, due to image quality problems and other issues, about 5% of these images are not included.

There are several user interfaces to access the HSC: a graphical user interface called the Discovery Portal, a MAST
forms interface, the Hubble Legacy Archive image viewer that provides HSC source positions overlaid on the
Hubble images, and an SQL query interface through CASJobs.

A major benefit of the HSC is that it provides high-quality relative astrometry between Hubble images, typically at
better than 10 mas accuracy. The relative astrometric accuracy is considerably better than what is currently
available in the Hubble data headers (see Fig. 1). The image and source positions provided by the HSC user
interfaces are reported in the improved coordinates. The World Coordinate System parameters for images are
available through the HSC CASJobs interface. We hope to incorporate that information in the Hubble Legacy
Archive image headers in the near future. The improved astrometry can be used to overlay images and generate
mosaics.

http://newsletter.stsci.edu/
https://archive.stsci.edu/hst/hsc/
https://archive.stsci.edu/hst/hsc/


Version 2 of the Hubble Source Catalog — STScI Newsletter

Figure 1: Distribution of relative astrometric errors in milliarcseconds for sources in Hubble images before and after the Budavari & Lubow
(2012) astrometric correction algorithm is applied. The original distribution corresponds to the current Hubble astrometry in data headers. The
areas under the two curves in the top panel are the same when extended to sufficiently large offsets. This illustrates that the median
astrometric errors are greatly reduced with the HSC-corrected astrometry. The bottom panel is plotted with a logarithmic vertical scale that
shows the original Hubble astrometry error distribution clearly has an extended tail.

The HSC began as a NASA Advanced Information Systems Research Program funded grant to the Johns Hopkins
University and the Institute that resulted in the first Beta version (Budavari & Lubow 2012). The project, now
supported through the Institute, produced Version 1 in early 2015 (Whitmore et al. 2016).

Version 2 of the Hubble Source Catalog was released in September 2016. The main new capabilities of this version
are as follows:

Addition of approximately four more years' worth of ACS data and one more year of WFC3 data (i.e., using
data public as of June 2015). The ACS source detections extend about one magnitude deeper than in
Version 1. As a result, the HSC now has 3× as many sources as in Version 1. It now contains about
92 million objects with over 300 million source detections.
Spectroscopic cross matching between the Cosmic Origins Spectrograph, Faint Object Spectrograph,
Goddard High Resolution Spectrograph, ACS grism data, and HSC sources.
An improved determination of the concentration index (CI) through a filter-based normalization.
Availability of magnitude values ("magauto") that are accurate for galaxies through the MAST Discovery
Portal user interface. The maximum number of sources displayed by the Discovery Portal has increased from
10,000 to 50,000.
Gaia source positions overlaid and compared with HSC source positions in the Hubble Legacy Archive
image viewer.

The HSC has great potential for discovery. Of the 92 million objects in the HSC, over 10 million objects have time 
coverage of more than 1 year. Over 1 million objects are detected more than 25 times (see Fig. 2). Over 1 million 
objects are detected in 5 or more filters.
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Figure 2: Distribution of the number of source detections for each HSC object (match).

Care in using the catalog is required due to some artifacts, such as the presence of spurious sources due to
diffraction spikes in images (see Fig. 3). Some of these artifacts can be removed by adjusting search parameters in
ways that we describe in the HSC documentation. We plan to correct some of the issues in future versions of the
HSC.

Figure 3: The HSC sources in M4 that lie in an arc around the brightest saturated source are due to diffraction spikes in several contributing 
images that have different orientations. Note the spurious detection just above the small red cross in the center of the field. In this field, the 
spurious sources can be filtered out by placing limits on the CI of the sources.



Version 2 of the Hubble Source Catalog — STScI Newsletter

The scientific exploration of the catalog is just getting started. The HSC documentation provides several use cases
that cover a range of scientific objectives. The example in Figure 4 illustrates the potential of the catalog. It would
take a considerable amount of time and effort for a user to carry out this analysis by starting with a set of Hubble
images. It can be carried out in the HSC in just minutes.

Figure 4: White dwarfs (WD) in cluster M4 are blueward of the main band of stars. The left panel is a color magnitude diagram constructed
from the HSC using the sources plotted in the right panel. Of the eight objects in the encircled WD area, seven are in Richer et al. (1997).
One object is not in the WFPC2 field of view (green) used by Richer et al., and hence is a new white dwarf candidate.

Spectroscopic cross-matching to HSC sources is a new feature of Version 2. You can view the Hubble spectrum
and corresponding image cutout in the Discover Portal (see Fig. 5).

Figure 5: Results of a spectroscopic search in the Discovery Portal that provides the spectrum and corresponding image in this case for an
elliptical galaxy.

Due to its broad time coverage, the HSC provides the potential for the discovery of time variable objects. The
Hubble Catalog of Variables project, based in Athens, Greece, is pursuing that objective.

The HSC will continue to improve the quality and depth of the catalog, as well as providing new features and data
products, and will benefit from the advent of Panoramic Survey Telescope and Rapid Response System (Pan-

https://www.spacetelescope.org/forscientists/announcements/sci15008/
https://www.spacetelescope.org/forscientists/announcements/sci15008/
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STARRS), Gaia, and the Large Synoptic Survey Telescope in this era of digital astronomy. We hope you will
explore the HSC and provide us with feedback.
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Reflections from the Frontier

Jennifer Mack, mack[at]stsci.edu, and Norman Grogin, nagrogin[at]stsci.edu

The Frontier Fields (FF) program was designed to push Hubble’s capabilities to the extreme, by using the power of
gravitational lensing to see further back in time than ever before. By equal measure, the project has pushed the
limits of our understanding of Hubble’s two main imaging cameras and has led to new initiatives that ultimately
benefit science for the entire user community. After completing its final observation in September 2016, logging
nearly 900 orbits over three years, the team celebrated with a champagne toast to reflect on the success of the
program and recalled the many lessons learned and the evolution of teamwork that made the program so
productive.

The FF project has involved tremendous coordination between many separate teams, including not only a Hubble
component, but also complimentary observations from Spitzer and Chandra at infrared and X-ray wavelengths. A
prior newsletter article (Lotz et al. 2013) describes the early planning stages of the project, including the target
selection and careful design of the observing program. Lensing models were solicited from several independent
teams prior to commencing observations in order to facilitate rapid analysis by the scientific community. The FF
team concentrated for many months to develop a rigorous data pipeline, using the full set of Hubble Ultra-Deep
Field (UDF) observations to optimize strategies for alignment and image combination with the latest DrizzlePac

software, which had been released only a year prior. The goal was to deliver high-level, robust data products in a
short turnaround time, while keeping the scientific community engaged and apprised of the latest results. This
strategy follows a tradition set by prior deep-field programs like the Hubble Deep Field and the UDF.

http://newsletter.stsci.edu/
https://blogs.stsci.edu/newsletter/2013/04/12/hubble-boldly-goes-the-frontier-fields-program/
https://archive.stsci.edu/prepds/frontier/lensmodels/
http://drizzlepac.stsci.edu/
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Figure 1: The Frontier Fields Implementation Team.

As the data started pouring in, a well-choreographed performance began to unfold at the Institute. Once the
observing parameters for each new target were submitted, instrument contact scientists carefully reviewed the
implementation strategy and collectively provided suggestions to further improve data quality. Schedulers then
worked together with those developing the telescope's long-range plan in order to fit each set into a 6–8 week
observing window, or epoch, limited by the requirement to keep the telescope at a fixed orientation for each target.
As the observations began to execute, the archive team "fast-tracked" the data onto dedicated FF machines for
inspection by instrument experts. Due to the limited visibility, timeliness was of the essence, so any data-quality
issues were quickly reported, ensuring that repeated observations could be acquired before the end of the window.
The data pipeline team worked closely with both the Advanced Camera for Surveys (ACS) and Wide Field
Camera 3 (WFC3) instrument teams to provide feedback on any limitations of the existing calibration and software
tools. Only a few weeks following execution, the team delivered the first versions of high-level data products to the
archive and announced their availability to the community. To flawlessly execute an observing program spanning
three years over twelve separate epochs, team stamina is imperative, and everyone worked tirelessly to deliver the
best quality data products possible.

In the first six months of observations, a large number of infrared (IR) exposures were noted to have strong time-
varying background caused by line emission in the Earth’s atmosphere (Brammer et al. 2014). The FF team worked
with WFC3 instrument scientists and schedulers to calculate each target's ephemeris and predict which portion of
Hubble's orbit would be affected. The exposures were then tactically arranged within the orbit to shield
observations in the vulnerable F105W filter. The implementation of these scheduling improvements in mid-2014
considerably reduced the excess background measured in the following two years of observations. The FF and
WFC3 teams worked together to develop new strategies for removing time-varying IR background and to share
those recommendations with Hubble users who could benefit from manual reprocessing their data (Robberto 2014;
Brammer 2016).

Also noted in the early stages of the project were a handful of WFC3 visits severely impacted by IR persistence, a
residual decaying signal from observations obtained just prior to ours. The worst of these were scanned grism
observations in the MACS0416 parallel field, which affected a large rectangular region at the center of the detector.
The FF team worked closely with WFC3 experts, the Hubble Mission Office, and the long-range planning team to
develop new strategies to mitigate persistence. As a result, in mid-2014 the WFC3 team began flagging all IR
programs predicted to cause significant persistence, with the goal of protecting similar susceptible science
programs classified as "sensitive actors." Any programs expected to saturate >1% of the detector (e.g., deep
exposures of star clusters) were categorized as "bad actors" and given a two-orbit scheduling buffer. Programs
flagged as "worst actors"—typically, spatial scans and IR persistence calibration programs—were given a 10-orbit
buffer. This new strategy significantly reduced persistence in the remaining FF epochs and had a similar benefit for
protecting other sensitive programs.

https://archive.stsci.edu/prepds/frontier/
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The teams combined forces to measure the IR persistence decay rate and to understand why the residual signal
seemed to rise again after obtaining a high-signal image such as an internal lamp flat. Investigations probed how
well various persistence models (Long et al. 2013, 2015) predicted the residual signal measured in FF data for
different types of prior observations. For example, the level of persistence predicted for scanned grism programs
was often much lower than what was measured directly from the FF data. For this reason, the persistence-
corrected data products were not directly used in the pipeline, but to define masks for excluding contaminated
pixels prior to stacking the data instead.

In addition to the standard calibration pipeline, CALACS, new standalone software was developed for improving
the FF ACS mosaics. Included is a new "self-calibration" procedure to refine the dark-current subtraction for
programs with many dithered frames at the same orientation. This software does a better job of identifying and
removing warm pixels and flagging the charge-transfer efficiency (CTE) trails behind bright cosmic rays. As a
result, self-calibration removes coherent residual structure, reduces the total noise, and increases the overall depth
of the combined ACS mosaics (Ogaz et al. 2015). Early FF results showed that self-calibration was most effective
when combining as many frames as possible within an anneal (heating) cycle. Starting in the spring of 2014, the
team worked with schedulers to strategically arrange ACS/WFC imaging such that observations using the same
filter were grouped within the same anneal period. After rigorous testing and a user "cookbook" developed by the
FF team, the software was provided for download from the ACS selfcal webpage for use with any ACS/WFC or
WFC3/UVIS imaging programs.

In another example, the FF team worked closely with the ACS team to test improvements to the dark calibration. In
January 2015, the ACS team began adding LED post-flash to its calibration darks to preserve warm pixels
previously lost to poor CTE (Ogaz et al. 2015). The FF team noted soon thereafter that the combined drizzled data
products had significantly higher noise when using the new post-flashed darks for calibration. To remedy this, the
ACS and FF teams together developed a new strategy for making calibration darks. By doubling the time-averaged
baseline to compensate for additional noise in the flashed darks, the new ACS "super darks" have much lower
noise than the original two-week baseline. After verifying the improvement using FF data in early 2016, the ACS
team retroactively applied this new approach to all flashed darks since 2015, with an improved set of reference files
to replace the prior set.

Pushing the depth of the target fields even further, the pipeline team combined all archival ACS and WFC3
observations with those from the dedicated FF programs. Because the ACS geometric distortion has a strong linear
component that changes with time (Anderson 2007; Ubeda et al. 2013), an accurate correction model is
fundamental for combining observations over a long time-baseline. Members of the FF team worked closely with
ACS instrument experts to test improvements to the distortion model (Borncamp et al. 2015). After considerable
work by both groups, the ACS team delivered an improved set of reference files in mid-2015 (Kozhurina-Platais
et al. 2015). These new solutions remove systematic skew terms apparent in the FF astrometric residuals when
using prior solutions.

The FF observations were designed to exquisitely subsample the point spread function, using a precise sub-pixel
dither for each visit, with subsequent visits slightly offset to maximally sample the WFC3/IR pixel phase. These
data were used to demonstrate to Hubble users how to optimize the pixel sampling of the observatory's detectors
when combining dithered observations with ASTRODRIZZLE (Avila et al. 2015). By inspecting differences between the
"visit-level" drizzled products and the combined massively dithered drizzled mosaics, the team was able to quickly
spot any issues with the image alignment, residual unmasked IR persistence, or frequent asteroids seen whizzing
through the images. As a result of this work, new software to automatically detect and flag satellites in Hubble
observations (Borncamp & Lim 2016) was developed and provided to the community, making it far less
cumbersome for Hubble users to remove these types of artifacts from their data.

http://www.stsci.edu/hst/wfc3/ins_performance/persistence/
http://www.stsci.edu/hst/wfc3/ins_performance/persistence/
https://blogs.stsci.edu/hstff/2013/05/24/calibration-is-in-the-works/
http://www.stsci.edu/hst/acs/software/Selfcal/
http://www.stsci.edu/hst/acs/software/Selfcal/
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Figure 2: Combined mosaic of Abell S1063 from the FF program (24 orbits) compared to CLASH (two orbits), showing the dramatic
improvement in depth and image quality for the reddest F160W filter.

In addition to all the intense technical work associated with FF, the Office of Public Outreach played a vital role in
the project from the beginning, with a public blog focusing on the science gains possible when using gravitational
lensing to further extend Hubble's range and engaging the community with informative videos and online hangouts.
A complementary science blog, titled "A Sneak Peek at the First Billion Years of the Universe" provided
highlights on the latest calibration methods, announcements of new data products, and the latest science results
from astronomers across the globe.

In the end, the investment of orbits and personnel toward the FF project has had immense benefits for general
Hubble science. These include improvements in scheduling, new calibrations and software, and a deeper
understanding of the instruments. Ambitious projects like this will continue to push our understanding of the
observatory’s instruments and drive the need for new methodologies that will benefit Hubble science for years to
come. Future projects like WFIRST are looking at FF as a model for producing high-level data products driven by
astronomy community needs and Institute know-how.
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The Origins Space Telescope Mission Study

Margaret Meixner, meixner[at]stsci.edu, Asantha Cooray, acooray[at]uci.edu, and the Origins Space Telescope
Science and Technology Definition Team

The Origins Space Telescope is an evolving concept for the Far-Infrared Surveyor mission, and the subject of one
of the four science and technology definition studies supported by NASA Headquarters to prepare for the 2020
Astronomy and Astrophysics Decadal Survey. The Origins Space Telescope will discover or characterize
exoplanets, the most distant galaxies, nearby galaxies and the Milky Way, and the outer reaches of our solar system
(Figure 1). In this article, we expand on some key science drivers identified by the team, describe the status of our
study, and solicit your science and technology ideas and input to our process.

Figure 1: Origins Space Telescope science themes range from the cosmic origin of dust and metals to the formation of habitable planets (credit: Hurt/IPAC).

http://newsletter.stsci.edu/
http://asd.gsfc.nasa.gov/firs/team/
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Science Drivers

Formation and characterization of exoplanets and exoplanetary systems

The Origins Space Telescope will open a vast discovery space in the study of cool exoplanets in habitable zones 
and in following the trail of ingredients needed to foster life in exoplanetary systems.

Targeting exoplanet observations in the 6–40 micron wavelength range, it will measure the temperatures and 
search for basic chemical ingredients for life in the atmospheres of small, warm planets. The Origins Space 
Telescope will be able to detect the thermal emission peak of cool exoplanets at habitable temperatures (∼300 K) at 
wavelengths where the planet-to-host star contrast is most favorable, and measure their atmospheric composition. 
This may be accomplished by a combination of transit spectroscopy and direct coronagraphic imaging. Important 
atmospheric diagnostics include spectral bands due to ammonia (a unique tracer of nitrogen), the 9 micron O line
(ozone; a key bio-signature), the 15 micron CO  band (carbon dioxide; an important greenhouse gas), and many
water bands.

Leveraging orders of magnitude of improvements in sensitivity over past missions in the mid- to far-infrared range,
the Origins Space Telescope will also trace the path of water as both ice and gas from the interstellar medium
(ISM) to the inner regions of planet-forming disks, and definitively measure the total masses of disks around stars
across the stellar-mass range out to distances of 500 pc.

The Origins Space Telescope will also address fundamental questions on how planetary systems evolve after they
initially form by determining the true frequency of Kuiper-belt analogs and measuring the mineral and volatile
composition of a large sample of debris disks. Finally, it will determine the frequency of wide-orbit ice giants
(Uranus and Neptune analogs) by imaging gravitationally sculpted debris-disk structure.

3

2

Evolution of galaxies over cosmic time

By exploiting sensitive spectral diagnostics of both ongoing star formation and galactic nuclear activity, the
Origins Space Telescope can trace the co-evolution of stars and supermassive black holes in galaxies over more
than 95% of the age of the universe—penetrating even the most heavily dust-obscured galaxies.

Specifically, the Origins Space Telescope will directly measure the star formation and black hole accretion rate
densities from z ∼ 3 to the Epoch of Reionization, and quantify the effects of feedback from supernovae and active
galactic nuclei on the decline in the cosmic star-formation rate density. With access to a rich set of infrared
diagnostic lines, and the ability to map large areas of the sky, the Origins Space Telescope will measure multiple
phases of the ISM in a very large sample of galaxies to infer the physical conditions that regulate star formation as
a function of redshift, age, nuclear activity, and galactic environment.

Using extinction-free tracers, the Origins Space Telescope will chart the rise of metals and the dust enrichment in
galaxies and will also provide a unique astrophysical probe of the conditions of the intergalactic medium at z > 6
and the galaxies that dominated the epoch of reionization.

Finally, because the infrared contains unique signatures of dust and warm molecular hydrogen, the Origins Space
Telescope will be able to study the properties of the first stars via the fingerprints they leave in the ISM, and detect
some of the earliest forming structures as they collapse and cool via H  emission out of the cosmic web.2
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Nearby galaxies, Milky Way

Origins Space Telescope studies of the ISM in the Milky Way and nearby galaxies will provide fresh insights to 
link our understanding of the formation of stars and planetary systems with the evolution of galaxies over cosmic 
time.

Most of the fundamental diagnostic tools for such studies are found in the far-IR: the peak and long-wavelength tail 
of the dust spectral energy distribution, and the dominant cooling lines for most ISM phases. In addition to pushing 
into new regimes of sensitivity and angular resolution with these fundamental tracers of ISM energetics and 
physical state, the Origins Space Telescope will provide an array of powerful new tools for studying star formation 
and the energetics and physical state of the ISM.

The Origins Space Telescope will enable a comprehensive view of magnetic fields, turbulence, and the multi-phase 
ISM, connecting physics at all scales, from galaxies to protostellar cores. With unprecedented sensitivity, the 
Origins Space Telescope will measure and characterize the mechanisms of feedback from star formation and active 
galactic nuclei over cosmic time and trace the trail of water from interstellar clouds, to protoplanetary disks, to 
Earth itself—in order to understand the abundance and availability of water for habitable planets.

Solar system

Studies of our own solar system with the Origins Space Telescope will contribute to our understanding of the 
connection between star-formation processes and the development of habitable environments. Current models of 
the solar system formation are not well constrained and still await detailed measurements of the outer solar system 
objects.

The Origins Space Telescope will chart the role of comets in delivering water to the early Earth. It will trace the 
molecular heredity and probe the distribution of small bodies in the outer solar system, significantly advancing our 
understanding. A survey to measure the deuterium-to-hydrogen ratio in comets will provide a statistical sample to 
constrain the cometary contribution of water and other organics to Earth and other terrestrial bodies.

Additionally, the Origins Space Telescope will survey thousands of ancient trans-Neptunian objects in the outer 
solar system (>100 AU). The telescope's unprecedented sensitivity will allow for a thorough investigation of the 
size distribution of these small bodies down to sizes of less than 10 km. A large survey will provide tests of the 
formation scales of planetesimals and evolutionary models of the early solar system, contributing to our 
understanding of planetary system formation by bridging traditional discipline boundaries.

The mission study status

Over the summer of 2016, the Origins Space Telescope Science and Technology Definition Team (STDT) engaged 
the community to develop breakthrough science proposals for our mission study. More than 32 community-driven 
science proposals were developed by five science working groups covering: (1) Solar System; (2) Planet Formation 
and Exoplanets; (3) Milky Way, Interstellar Medium, and Nearby Galaxies; (4) Galaxy and Black Hole Evolution 
over Cosmic Time; and (5) Early Universe and Cosmology.

Potential relevance of the science to the 2020 Decadal Survey in Astrophysics was assessed by the STDT, with due 
consideration given to the likely persistence of the science question into the late 2020s. The measurement 
requirements of the 14 top-ranked proposals were used to select a baseline architecture. The Origins Space 
Telescope will be an actively cooled, filled-aperture telescope with an effective diameter likely between 8 and 15 
meters (Figure 2)
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.

Figure 2: With a large, actively cooled telescope, the Origins Space Telescope will attain sensitivities 100–1000 times greater than any
previous far-infrared telescope (credit: Hurt/IPAC).

During the November 2–3, 2016 (Boulder, CO) face-to-face meeting, the Origins Space Telescope STDT defined
the requirements for the instrument suite. Five instrument studies have been identified: a far-infrared imaging
polarimeter; a mid-infrared instrument with imaging, low-resolution spectroscopy and coronagraphy; a wide-field
low-resolution spectrometer, a high-resolution far-infrared photon detection spectrometer and a high-resolution
heterodyne spectrometer. The combined instrument and telescope will offer a tremendous sensitivity increase over
prior missions (Fig. 3) enabling spectacular progress across astrophysics.

Key enabling technologies for the Origins Space Telescope are under development or approaching maturity. The
greatest technology need is for large arrays of detectors with sufficient sensitivity to attain astrophysical-light
photon background performance (Fig. 3). All components need to be cold, with detectors at ∼50 mK and the
telescope optics at ∼4 K. These temperatures can be obtained with existing or incrementally improved cryocooler
systems, sub-Kelvin coolers, and careful observatory thermal design. Instrument technologies such as compact
direct-detection spectrometers are also needed to enable fast, multiplexed spectroscopy.

Figure 3: Unprecedented sensitivity—fast mapping speed with hundreds or thousands of independent beams will enable 3D surveys of large 
areas of sky, pushing to unprecedented depths to discover and characterize the most distant galaxies (spectra shown above for redshift values 
up to z = 6), and measure low surface-brightness circumstellar disks and faint objects in the outer solar system (credit: Bradford/JPL).
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Contribute your ideas!

We will continue to develop the scientific requirements for and detailed design of the Origins Space Telescope and 
instruments. All members of the scientific community are encouraged to participate in future discussions. There 
will be a discussion of the study at the Far-IR Science Interest Group meeting (January 6) at the upcoming January 
2017 AAS meeting in Grapevine, Texas, where there will also be a special session on Decadal Missions
(January 7). In addition to talks and presentations on the Origins Space Telescope, representatives of the Origins 
Space Telescope study team will be present at the NASA Cosmic Origins exhibit booth throughout the AAS 
meeting. Members of the community interested in contributing to the science case for the Origins Space Telescope 
should contact any member of the STDT or email us.

http://asd.gsfc.nasa.gov/firs/
mailto:ost_info@lists.ipac.caltech.edu
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Arfon Smith Named Head of the Institute’s New Data Science
Mission Office (DSMO)

Ann Jenkins, jenkins[at]stsci.edu

The Institute welcomes Dr. Arfon Smith as the new Data Science Mission Office (DSMO) Head. Dr. Smith is
responsible for maximizing the scientific returns from the Barbara A. Mikulski Archive for Space Telescopes
(MAST), a huge data facility containing astronomical observations from 18 space astronomy missions and ground-
based observatories. He will guide the optimization of the Institute's ability to help the scientific community
address the challenges of accessing and working with large, complex astronomical observations.

The newly formed Data Science Mission Office will ensure that the Institute is a leader in the field of astronomical
data science. "Our data holdings enable breakthrough science, are in high demand by the astronomical community,
and are increasing rapidly," said Institute Director Dr. Kenneth R. Sembach. "To further enable the community to
tap into the tremendous science potential of this resource and the data produced by future missions such as JWST
and WFIRST (Wide Field Infrared Space Telescope), we are consolidating our data science efforts under our new
Data Science Mission Office. I am confident this will enable better service, easier access, and the creation of new
high-value data products that will expand the frontiers of astrophysics."

Dr. Smith was the co-founder and technical lead for the Zooniverse project at the University of Oxford, where he
helped pioneer citizen science in astronomy. Since 2013, he has been a project scientist and program manager at
GitHub, Inc., the world's largest platform for open-source software. His duties included developing innovative
strategies for sharing data and software in academia. He also helped to define GitHub's business strategy for public
data products, and he played a key role in establishing the company's first data science and data engineering teams.
He received his doctorate in astrochemistry in 2006 from the University of Nottingham in Nottinghamshire, U.K.

Arfon Smith at the Very Large Array (VLA) in New Mexico in April 2016.

http://newsletter.stsci.edu/


Arfon Smith Named Head of the Institute’s New Data Science Mission Office (DSMO) — STScI Newsletter



The JWST Advisory Committee (JSTAC): The Impact of a Long 12-Month Proprietary Period — STScI Newsletter

The JWST Advisory Committee
(JSTAC): The Impact of a Long 12-
Month Proprietary Period

Garth Illingworth (Chair, JSTAC), gdi[at]ucolick.org

In a prior STScI Newsletter (Volume 33, Issue 01) I gave a broad
overview of the JSTAC's recommendations over the seven years of
its life since its inception in 2009. As outlined in that first article, the
JSTAC's charge in advising the STScI Director can be distilled
down to: "maximizing JWST's scientific productivity." As promised
in the June Newsletter, this article focuses on the question of the

length of the proprietary time  for JWST. This topic has been
extensively discussed by JSTAC since its very earliest letters in 
2010 (the JSTAC letters are public and can be found on the JSTAC 
webpage). JSTAC's role, of course, is just to make 
recommendations that STScI can then take into consideration in its 
decisions, and in discussions with NASA and the JWST partner 
agencies. The discussion in this article reflects the views and 
recommendations of JSTAC, and should not be considered to be 
STScI views or policy.

1

http://newsletter.stsci.edu/
http://newsletter.stsci.edu/the-jwst-advisory-committee
https://jwst.stsci.edu/science-planning/user-committees/jwst-advisory-committee-jstac
https://jwst.stsci.edu/science-planning/user-committees/jwst-advisory-committee-jstac
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The proprietary time issue in a nutshell

The JSTAC recognized very early in its deliberations that a long 12-
month proprietary period would impact the scientific productivity of 
a mission like JWST. What so seized the JSTAC's attention in 2010 
(see page 1 of the June 2010 letter), and for the past seven years, 
was the realization that "… for data with a one-year proprietary 
period, the Call for Proposals for Cycle 4 is the first wherein the full 
Cycle 1 dataset is public and so can be used as the basis for follow-
up proposals by all members of the science community."

The impact of a long proprietary period on JWST science was 
enunciated in JSTAC's earliest letters to the Director in 2010 (see 
e.g., February 2010 letter), and then extensively discussed in 
JSTAC's March 2014 letter. Two presentations to the JWST 
Science Working Group also highlight this issue (SWG July 2013 
and SWG April 2014). A comprehensive summary given to JSTAC 
at its December 2015 meeting is in this early 2016 Status 
Presentation. This gives updates on happenings regarding 
proprietary time since the 2014 JSTAC letter recommendations.

JWST is baselined as a five-year mission, with the expectation that it 
will extend to approximately 10 years (on-board propellant-limited). 
Even if we are fortunate to have JWST for its full life, introducing an 
approximately two-year delay into the ability of the broad science 
community to follow-up on observations and discoveries seems 
unwise. In addition, we need to consider the risks of life-terminating 
events that can happen unexpectedly during any space mission. This 
makes it even more important, particularly early in the life of the 
mission, to maximize the opportunities and minimize the time for 
follow-up of scientific discoveries.

https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-legacy.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-Capabilities.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-Recommendations_GO_Time_Period.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/SWG_072213-JSTAC.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/SWG_040114-JSTAC.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-JWST_Proprietary_Time-Update.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-JWST_Proprietary_Time-Update.pdf
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Follow-up of scientific discoveries

In a new, extraordinarily powerful mission like JWST, rapid follow-
up of science discoveries is a key part of "maximizing JWST's 
scientific productivity." If the science community cannot quickly 
follow up discoveries with new approaches and new observations, it 
will have a significant impact on the scientific returns from JWST. 
Fortunately, rapid follow-up will be possible for a class of programs 
that will likely constitute around 25% of JWST's observing time in 
its early Cycles. The JSTAC recommended that the proprietary 
period for large, Treasury/Legacy, and Director's Discretionary 
(DD) time continue to be zero, as they have been for Hubble (and 
Spitzer and Chandra). Since the indications are that such programs 
will continue with zero proprietary time for JWST, the discussion 
within JSTAC focused on the 12-month proprietary period for the 
medium and small programs that constitute the large majority of all 
programs (note that the GTOs will have a 12-month proprietary 
period; the JSTAC discussion was only for the GOs). These medium 
and small programs are particularly important since they are 
expected to explore—and reveal—a huge range of new science, and 
they will dominate the JWST observing time, particularly in its early 
phases.

The "have vs. have-not issue"

A long proprietary period can lead to a "haves" vs. "have-nots" 
situation. Those who are able to get data in Cycle 1 on key topics or 
sources can use the knowledge gained to out-compete others who 
cannot see the actual data before subsequent GO proposal cycles. 
This can continue for many cycles. Such a limitation is not 
conducive to the best scientific outcomes. Broad communities of 
innovative scientists evaluating datasets and planning for new tests
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and observations in a competitive environment will clearly enhance
the scientific productivity of a mission. In contrast, long proprietary
periods are exclusionary, and are not conducive to maximizing the
science return from JWST.

What is an appropriate compromise between proprietary period
and data availability?

A simple figure shows the impact of a 12-month proprietary period.
With a 12-month proprietary period, Cycle 4 proposals are the first
able to use all Cycle 1 data to do follow-up (see Figure 1). The
fraction that is available about two months  before the Cycle 3
proposal deadline depends on the fraction of time that is allocated to
open datasets. If there were no open datasets, only about 30% would
be available. This is not what is expected, of course. The open
datasets from Director's Discretionary time alone would raise this to
about 37%. An assessment of the likely time allocated to Large and
Treasury with their expected open datasets would further raise this
to about 48%.  The remaining half of the Cycle 1 data would then
not be available for follow-up until Cycle 4.

2

3

Figure 1: The fraction of the data available at each proposal deadline for the
nominal 12-month proprietary period is shown (this figure is taken from the March
2014 JSTAC letter). This includes 0.2 cycle as the lead-time needed to process the
new data after its release, evaluate new results and write proposals. In reality, there
will be more data available than the 0.3 of Cycle 1 at Cycle 3 (and also for later
cycles), since some data will be taken with zero proprietary time. The zero
proprietary time datasets would include Director's Discretionary Time (DD time),
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and probably any data from Large or Treasury programs. If the only open access
data was DD time, 10% of the Cycle 1 data would be open data. The more likely
situation is that about 25% would be open access data from DD time and Large
programs (based on consideration of the likely fraction of the GO time that will be
in Large and Treasury—all GTO data is 12 months). These open datasets would
increase significantly the amount of data available—increasing the fraction of
Cycle 1 data in Cycle 3—from 0.3 to 0.37 and 0.48, respectively. It still takes until
Cycle 4 for all data from Cycle 1 to be available, and to Cycle 5 for all data from
Cycle 2. The nominal Cycle timing shown here (April–April) may change
depending on the actual mission timing and conclusion of commissioning activities,
but this would not change the data availability by Cycle.

After extensive deliberation and consideration of many different
approaches through charts like Figure 1 (e.g., less than one-year
proposal cycles) and other input, the JSTAC recognized that the
only truly beneficial approach that was not extremely disruptive of
the proposal process and the natural yearly timing of JWST target
visibility, was to recommend a change to a shorter proprietary
period. Fully open datasets, with zero proprietary periods, for all
JWST data were discussed, and initially recommended just for
Cycle 1, with six-months thereafter. But in the end, a six-month
proprietary period became the baseline. This modest change
(12 months to 6 months) makes a substantial difference. Most of the
Cycle 1 data will be available by Cycle 3 and most of Cycle 2
available by Cycle 4 (in Fig. 1, with a six-month proprietary period,
0.8 of Cycle 1 would be available in Cycle 3 and, of course, all of
Cycle 1 plus 0.8 of Cycle 2 by Cycle 4). The fraction improves
further from 0.8 to about 0.85 when factoring in the likely fraction
of datasets with zero proprietary time. See the JSTAC's March 2014
letter for more detail and discussion (though the increased fraction
resulting from the open datasets was not discussed in that earlier
letter).

Time to publication

An additional factor that both was very surprising and also very

https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-Recommendations_GO_Time_Period.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-Recommendations_GO_Time_Period.pdf


The JWST Advisory Committee (JSTAC): The Impact of a Long 12-Month Proprietary Period — STScI Newsletter

influential for the JSTAC's thinking, arose from the unexpectedly
long time (more than two years) to publication of science data (see
Figure 2). While this figure was shown in the June Newsletter
(Volume 33, Issue 01), we have reproduced it here since it is an
important aspect of the discussion regarding the length of the
proprietary time. The long publication timescale indicates that the
proprietary period is not a driving factor, yet a long proprietary
period does affect science opportunities.

The increasing interest among policy-makers that science data be
released as quickly as possible also was a consideration for JSTAC.
Interestingly, across all of NASA space science, Astronomy stands
out for having the longest proprietary periods. Earth Science and
Heliophysics have zero proprietary period through international
agreements with a number of agencies, including ESA, and the
majority of planetary missions are short (typically zero). More
details are given in the JSTAC's March 2014 letter, where the
committee noted that "For its major missions, NASA Astrophysics
stands out for its use of a consistently long proprietary/exclusive
access period." JWST, with its 12-month proprietary period, stands
out in Astrophysics now that Hubble will have a 6-month
proprietary period.

Figure 2: There is a substantial delay (more than two years typically) in the time
between the acquisition of Hubble data and its publication. This period timescale is
longer than any proprietary period under discussion, and does not depend on data
type, proprietary period from 0 months to 12 months, or PI geographic location.
There is also no indication of any peak related to enhanced publication rates at
around 12 months, or slightly longer, in the "GO author" data, as might be expected

https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-Recommendations_GO_Time_Period.pdf
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if authors were concerned about being "scooped." The concerns about a 6-month
proprietary period (or even 0 months) versus 12 months appear not to be borne out
by these publication timescales. The more than two-year publication timescale is
similar on Spitzer and Chandra. These Hubble data were assembled by Jeff Valenti
and Karen Levay.

Current status

Many of the agreements that formalized twelve months as the
baseline proprietary period for JWST science were established
about 10-15 years ago in the early-to-mid 2000s soon after
JWST development began (e.g., the Memorandum of
Understanding between the NASA and the JWST partner
agencies, ESA and CSA). At that time, a proprietary period of
12 months was more widely accepted. Since that time there has
been a consistent trend to more open datasets and shorter (zero
in many cases) proprietary periods. The current discussion
regarding the proprietary period has so far resulted in
endorsements for six-months by the JWST Science Working
Group (SWG) and the NASA Astrophysics Subcommittee
(APS). Discussions within the Canadian astronomy community
have indicated that there is broad support for a six-month
proprietary period. A comprehensive presentation that
summarized and updated the situation regarding proprietary
time was given to the JSTAC at its December 2015 meeting.
This was transmitted to the Institute Director in April 2016 and
is available on the JSTAC website—see 2016 Proprietary
Time Status. Currently, the proprietary period still remains at
12 months. For those wishing to get an overview of the current
status and some of the issues, this is the place to go.

As always, I would like to express the appreciation of the
JSTAC for the thoughtful and informative presentations from
the JWST Project leadership and from the Institute leadership
and team leads, and the willingness of all concerned to engage
in extensive dialog. As the JSTAC Chair, I greatly appreciate
the willingness of the members to express their views and to
engage in very constructive dialog on complex issues where

https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-JWST_Proprietary_Time-Update.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/jwst%20advisory%20committee%20(JSTAC)/_documents/JSTAC-JWST_Proprietary_Time-Update.pdf
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the optimal path forward is often not immediately obvious. We
are embarking on a journey of exploration and discovery, and
finding the path that "maximizes JWST's scientific
productivity" is not an easy one, but it is so important for
science, and for the public, and the policy makers who have
supported this mission over the many years since its inception.

______________

 Note that NASA uses the phrase "exclusive access period"
instead of the phrase "proprietary time." The latter terminology
is the one most widely used in the general science community
to describe closed datasets and so is the one generally used in
this article.

 This approximately two-month period was chosen as
representative of the time it would minimally—and likely not
optimally—take for a science team to process the newly
available data, evaluate its scientific importance, devise a new
approach or program, and actually write a credible proposal.

 This is slightly less than expected for a GO cycle since the
GTOs have a significant fraction of the time in Cycle 1 and
their data has a 12-month proprietary period.

1
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