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Twenty-two years after launch, and three years after Servicing Mission 4, 
Hubble is operating with a full instrument capacity and continues to draw high 
demand for observing time. The Advanced Camera for Surveys (ACS), Cosmic 
Origins Spectrograph (COS), Fine Guidance Sensor (FGS), Space Telescope Imaging 
Spectrograph (STIS), and Wide Field Camera 3 (WFC3) are all operating successfully 
and were available for Hubble observing proposals in Cycle 20. 

The Cycle 20 Call for Proposals was released in December 2011, and the Phase I 
deadline was February 24, 2012. As usual, although some proposals were submitted 
weeks before the deadline, the majority arrived on the last day, with a rapid rise in 
submission rate as the deadline, 8 p.m. eastern time, approached. We received a 
total of 1090 proposals, 83 more than in Cycle 19.

Review process

Hubble proposals are reviewed by members of the international astronomical 
community. In Cycle 20, reviewers were grouped into panels organized by science 
category. Each panel had one or more “mirrors,” so that proposals could be trans-
ferred to an alternate panel if needed to avoid conflicts. In Cycle 20, there were two 
Planets and Star Formation panels, three Stars panels, two Stellar Populations and 
Interstellar Medium panels, three Galaxies panels, two Active Galactic Nuclei and 
Intergalactic Medium panels, and two Cosmology panels, for a total of 14 panels. 

These panels reviewed four categories of proposals: Regular General Observer 
(GO), Archival (AR), Theory, and Snapshot (SNAP). Large GO, Treasury GO, and AR 
Legacy proposals were reviewed by the Time Allocation Committee (TAC), which 
consisted of the chairs of the 14 panels, three at-large TAC members, and the 
TAC chair. The at-large members have broad expertise and advised panels when 
additional perspective was needed to review a particular proposal.

The process of selecting the panelists began with the selection of the TAC 
chair about six months prior to the proposal deadline. Mario Mateo (University of 
Michigan) served as Chair of the Cycle 20 TAC. Next, we selected the chairs of 
the panels, the at-large TAC members, and the panel members. The recruitment 
of panelists was completed about four months prior to the proposal deadline. The 
primary consideration when constructing panels was to ensure each contained an 
appropriate range of scientific expertise to cover the relevant astronomical topics. 
Other considerations included ensuring a healthy mix of experienced senior panelists 
and younger postdoctoral panelists, gender balance, and appropriate representation 
of European Space Agency (ESA) member states and other countries. The final 
Cycle 20 review involved 132 panelists and TAC members.

All panels were close to the same size (9–10 members, including the chair) 
and were typically assigned between 60 and 90 proposals. The assignment of 
proposals to panels and to primary and secondary reviewers was based on matching 
the scientific keywords provided by the proposers and the reviewers, considering 
the balance of workload between panels, and minimizing conflicts of interest. 

We paid careful attention to the handling of conflicts of interest in the review 
process. Striking a balance between minimizing conflicts and maximizing the 
expertise of a panel is becoming increasingly challenging as collaborations expand 
and proposal teams grow in size, because expert reviewers are often conflicted 
on many proposals. To handle this issue we made use of the mirror panels, and 
we distinguished between major and minor conflicts. A major conflict arises when 
a panel member is a PI or Co-I on the proposal, or is a family member, current 

Herbig-Haro 110
Credit: NASA, ESA, and the Hubble Heritage Team (STScI/AURA)



  2  

TAC
from page 1

Summary of Cycle 20 Results
Proposals Requested Approved % Accepted ESA Accepted ESA % Total

General Observer 845 176 20.8% 42 23.9%

Snapshot 55 13 23.6% 2 15.4%

Archival Research 120 24 20.0% 0

AR Legacy 5 4 80.0% 0

Theory 65 13 20.0% 1 7.7%

Total 1090 230 21.1% 45 19.6%

Primary Orbits 16767 2832a 16.9% 751 26.5%
a2832 Approved does not include 7 Prime Calibration orbits
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or recent student, or advisor of a PI or Co-I. In this case, the panelist must leave the room during 
the discussion of the proposal and may not vote on it. A minor conflict arises when one of the panel 
members is a close collaborator of a PI or Co-I, or is at the same institution as a PI or Co-I. In this 
case, the panelist may, at the chair’s discretion, participate in the proposal discussion—but may not 
cast a vote. We found these rules lead to healthier discussion in the panels.

The panels were observed by roving astronomers of the Science Policies Group at the Institute, NASA 
representatives from the Goddard Space Flight Center, and the at-large members from the TAC. These 
observers ensured that all rules were followed and answered procedural questions that arose during 
the review, but did not provide any scientific or technical opinions. 

The Cycle 20 proposal review took place from 21–25 May, 2012, at the Crowne Plaza Hotel in 
Timonium, Maryland. The location of the review was a departure from the previous three cycles, in 
which the review meeting was held at the Institute and the Physics & Astronomy Department of the 
Johns Hopkins University (JHU). The Cycle 21 review meeting (to be held in May 2013) will return to 
the Institute and JHU.

Medium-sized proposals

In Cycle 20, as in previous cycles, GO programs were divided into Regular (<99 orbits) and Large 
(>99 orbits) proposals. Regular proposals were ranked by the review panels, whereas Large proposals 
were ranked by the TAC. Independent of the orbit request, the TAC always reviewed Treasury proposals.
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If science requirements were the only driver for the orbit request, one might expect a relatively 
uniform success rate as a function of orbit request. Reality turns out differently: medium-sized proposals 
(>40 orbits) have always fared less well in the panel deliberations, but this year they fared unusually 
badly (see Proposal Success Rate as a Function of Orbit Request, Cycles 17–20). Indeed, the number 
of submitted proposals decreased precipitously with increasing orbit request, and very few Regular 
proposals requested more than about 30 orbits. Obviously this effect is not science-driven, but is due 
to a concern of the proposers that the panels are reluctant to approve medium-sized proposals because 
of the limited number of orbits available. The panels and the TAC noticed that for some proposals, the 
appropriate orbit request should have been larger or smaller than actually requested. In the former 
case, the proposals appeared artificially small, and in the latter, they appeared to have been padded 
to move them into the Large category, to be reviewed by the TAC.

The Institute attempted to alleviate this concern by allocating a subsidy to each panel, which could be 
used to lower the number of orbits charged to the panel when medium-sized proposals were approved. 
In Cycle 20, 400 orbits were available for this subsidy, but less than 10 orbits were actually used. 

Following a discussion with the TAC members, we are introducing two new categories of Regular 
proposals in Cycle 21: Small and Medium. Under this plan, Medium proposals will request between 
35 and 75 orbits, lying between Small (<35 orbits) and Large (>75 orbits) proposals. A fixed number 
of orbits will be allocated to each of the three categories. The Medium allocation is expected to be 
similar to the current subsidy. Small and Medium proposals will be reviewed by the individual panels and 
ranked together scientifically. However, the panel will only be charged for the Small proposals. Medium 
proposals above the allocation line (as defined by the Small proposals) in each panel will go forward 
for discussion at the TAC, where their scientific impact will be ranked against the Large programs. 
The orbit allocations of the Large and Medium proposals at the TAC will be kept separate. Nothing will 
change in the process of reviewing the Large proposals, except for a decrease of the minimum size 
from 100 to 75 orbits.

We are confident that the new proposal category will improve the scientific return of Hubble by 
allocating resources to programs that would otherwise not be approved—or indeed, not be proposed 
at all. We welcome comments from the community on this issue.

Statistics

The Cycle 20 TAC and panels had 2800 orbits available for allocation. This allocation was 200 
orbits higher than in Cycle 19, but was still smaller than in earlier cycles, due to the allocation of orbits 
to the ongoing Multi-Cycle Treasury (MCT) Programs and to unexecuted Cycle 18 and 19 programs. 
The oversubscription ratio for GO proposals was approximately 6:1 by orbits and 5:1 by number of 
proposals, both slightly lower than in Cycle 19. The oversubscription for AR and Theory proposals was 
2.5:1 by funding and 5:1 by number of proposals, similar to the long-term average for these categories.

The 1090 proposals submitted in Cycle 20 included 845 GO, 55 SNAP, 120 Regular AR, 5 AR Legacy, 
and 65 Theory programs. There were 600 orbits made available for proposals reviewed by the TAC 
(Large and Treasury proposals), and 2200 for the proposals reviewed by the 14 panels.

A total of 230 Cycle 20 programs were approved: 176 GO programs (including 7 Large, 1 Treasury, 
and 1 Pure Parallel), 13 SNAP programs, 24 Regular AR programs, 4 AR Legacy programs, and 13 Theory 
programs. Three joint Hubble/Chandra programs and 4 joint HST/NOAO programs were awarded time.

Among the approved GO prime orbits in Cycle 20, 26.9% were allocated for spectroscopy and 73.1% 
for imaging. For comparison, in Cycle 19 the allocated percentages were 42.6% for spectroscopy and 
57.3% for imaging. WFC3 is the most widely used instrument in prime mode, with a Cycle 20 usage 
of 58.09%, followed by ACS with 19.41%, COS with 14.96%, and STIS with 7.54%.

Hubble is a joint NASA–ESA mission. ESA scientists were principal investigators (PIs) on 45 of the 
231 accepted proposals (19.5%), and on 26.5% of the primary orbits allocated.

Science program

The TAC and the panels recommended proposals that span a broad range of science, from nearby 
stars and exoplanets to galaxies at high redshift. The proposals utilize the power of four of Hubble’s five 
active instruments (all apart from FGS). The approved proposals include the following science programs.

A Large Program will complete the census of ultra-cool brown dwarfs in the solar neighborhood 
using WFC3. A complete census is essential to measuring the low-mass stellar mass function and the 
low-mass limit of star formation. With atmospheric conditions similar to those of giant planets, cold 
brown dwarfs are also excellent proxies for testing the ultra-cool atmospheric models that are critical 
to our understanding of exoplanets. As part of a larger follow-up campaign involving both ground- and 
space-based observatories (including Cycle 7 and 8 Spitzer programs and small Cycle 18 and 19 Hubble 
programs), this program will observe twenty of the coldest brown dwarfs and brown dwarf candidates 
uncovered by the Wide-Field Infrared Survey Explorer (WISE ) satellite. WFC3 grism spectroscopy will 
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be used to derive accurate classifications and effective temperatures of the targets, and the direct 
images required for wavelength calibration will be used to anchor the astrometric grid of a ground-
based, adaptive-optics parallax program. WFC3 observations provide a vital link in characterizing this 
ultra-cool brown dwarf population in the immediate solar neighborhood.

Another Large Program will perform an ultraviolet survey of a large sample of accreting white 
dwarfs. The results will improve by an order of magnitude our insight into the evolution of compact 
binaries and the effect that the accretion of mass and angular momentum has on the structure of the 
white dwarf. This COS survey will double the number of accreting white dwarfs with accurate effective 
temperatures, thereby measuring their mean secular accretion rates. The program will investigate the 
spin rates of accreting white dwarfs, which have recently been the subject of discussion in the context 
of super-Chandrasekhar SNe Ia, a puzzling class of supernovae whose progenitor stars exceed the 
maximum mass that stable white dwarf stars can theoretically have. By measuring the abundances of 
the accretion flow onto the white dwarfs, one can precisely determine the frequency of systems that 
undergo mass transfer on short (thermal) timescales, one of the canonical pathways thought to lead to 
type Ia explosions. Using the synergy of GAIA parallaxes with the analysis of the COS data, the Hubble 
observations will quadruple the number of accreting white dwarfs with accurate mass measurements. 

Cycle 20 Instrument Statistics

Configuration Mode Prime % Coordinated 
Parallel % Total

Instrument 
Prime  
Usage

Instrument 
Prime + 

Coordinated 
Parallel Usage

Pure 
Parallel 
Usage

Snap 
Usage

ACS/SBC Imaging 1.1% 0.0% 0.9% 0.0% 0.0%

ACS/SBC Spectroscopy 0.0% 0.0% 0.0% 0.0% 0.0%

ACS/WFC Imaging 11.6% 57.2% 18.6% 0.0% 12.7%

ACS/WFC Ramp Filter 1.4% 0.0% 1.2% 14.2% 20.8% 0.0% 0.0%

ACS/WFC Spectroscopy 0.1% 0.8% 0.2% 0.0% 0.0%

COS/FUV Spectroscopy 16.9% 0.0% 14.3% 0.0% 0.0%

COS/NUV Imaging 0.4% 0.0% 0.3% 18.9% 16.1% 0.0% 0.0%

COS/NUV Spectroscopy 1.7% 0.0% 1.4% 0.0% 0.0%

FGS POS 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FGS TRANS 0.0% 0.0% 0.0% 0.0% 0.0%

STIS/CCD Imaging 1.1% 0.0% 0.9% 0.0% 0.0%

STIS/CCD Spectroscopy 2.0% 0.0% 1.7% 0.0% 7.4%

STIS/FUV Imaging 1.3% 0.0% 1.1% 9.6% 8.1% 0.0% 0.0%

STIS/FUV Spectroscopy 2.8% 0.0% 2.4% 0.0% 0.0%

STIS/NUV Imaging 0.0% 0.0% 0.0% 0.0% 0.0%

STIS/NUV Spectroscopy 2.4% 0.0% 2.0% 0.0% 0.0%

WFC3/IR Imaging 24.9% 14.3% 23.3% 41.7% 16.4%

WFC3/IR Spectroscopy 5.5% 1.5% 4.9% 57.3% 55.0% 41.7% 0.0%

WFC3/UVIS Imaging 26.8% 26.2% 26.7% 16.6% 63.5%

WFC3/UVIS Spectroscopy 0.0% 0.0% 0.0% 0.0% 0.0%

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

ACS 19.41% Imaging 73.1%

COS 14.96% Spectroscopy 26.9%

FGS 0.0%

NICMOS 0.0%

STIS 7.54%

WFC3 58.09%
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They will probe in exquisite detail the possibility that white dwarfs, in particular those that underwent 
thermal-time-scale mass transfer, grow in mass.

The astrometric capabilities of WFC3 will be exploited by another team to constrain the number of 
binaries with massive companions (black holes, neutron stars, or white dwarfs) in the core of M4. The 
observations will measure the “wobble” of the bright (main-sequence) companion around the center of 
mass of the pair. The program will constrain the total number of binaries with massive companions and 
orbital periods between 0.5 months and ~15 years. Mass segregation predicts these binaries should be 
strongly concentrated in the core, and the program will measure their radial distribution. Moreover, as 
a by-product, one can identify and measure the mass of the central black hole, if this cluster happens 
to host one. This program will complement other ongoing investigations on the binary population in 
M4, and will allow the construction of a dynamical model of the cluster to help us understand why its 
core is not collapsed.

The TAC also recommended the Hubble Tarantula Treasury project. The Tarantula Nebula is the 
nearest starburst and the only one that can be studied down to the sub-solar mass regime. Thus, 
it offers us the rare opportunity to investigate the process of star formation in an environment that 
resembles the extreme conditions of the early universe in metallicity, dust content, and star formation 
rate. The Tarantula Nebula’s importance to astronomy is reflected in the fact that it has been the 
subject of large-scale, multi-wavelength studies by the other Great Observatories. However, less than 
10% of the region has been studied with Hubble. Taking full advantage of Hubble’s imaging power, the 
program will use ACS and WFC3 in parallel, to study this unique object over its entire extent (~200 × 
200 pc). The wavelength coverage will include the near-ultraviolet, optical and near-infrared, building 
on an existing Hubble monochromatic proper-motion survey. By dissecting its stellar populations and 
inferring an accurate description of its anatomy, one can reconstruct for the first time the temporal 
evolution of a prototypical starburst on a <2 pc scale. This study will serve as a touchstone for all future 
work on the Tarantula Nebula in particular, and on starbursts in general. The proposers will deliver 
a unified star catalog for all the filters, accompanied by artificial-star tests to quantify completeness 
and crowding effects.

Another Large Program will perform a precision measurement of the Hubble Constant, H0. An 
independent measurement with 1–2% precision will offer enormous leverage to resolve outstanding 
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cosmological questions, including the precise geometry of space, the properties of the elusive neutrinos, 
and the nature of dark energy. In past cycles, Hubble constructed (1) a refurbished distance ladder from 
high-quality light curves of Type Ia supernovae (SNe Ia), (2) a geometric distance scale measured to 3% 
from masers in NGC 4258 and to 2.5% from FGS parallax measurements to ten Milky Way Cepheids, 
and (3) a uniform sample of Cepheids observed in the optical and near-infrared with WFC3 in NGC 
4258 and in the hosts of eight recent SNe Ia. The new ladder circumvents the dominant sources of past 
systematic error to measure H0 to 3.3% precision, a three-fold improvement over the prior precision. 
The goal of the new program is to measure H0 to 1.9% by attacking the largest unaddressed obstacle 
to its determination: the small number of high-quality SNe Ia hosts with Cepheid distances measured by 
Hubble. With Planck measurements of the cosmic microwave background now in hand, this measure-
ment will improve the precision of the dark-energy equation-of-state parameter by more than a factor 
of two. The results may reveal a new species of neutrino. This program promises to complete Hubble’s 
legacy in the measurement of H0, a key task for which it was built.

The WFC3 Infrared Spectroscopic Parallel Survey (WISP) will survey star formation across cosmic 
time. This pure-parallel survey will leverage the power of slitless spectroscopy to probe galaxy evolution 
over the redshift range 0.5 < z < 2. WISP is particularly sensitive to low-mass, metal-poor galaxies 
with extreme star-formation rates. These are missed by conventional continuum-selected surveys. The 
broad, continuous, spectral coverage of the G102 and G141 grisms provides the best measurement of 
the dereddened star-formation rate, and the mass-metallicity relation throughout this epoch, over which 
ground-based searches are severely limited. The survey will complete a sample of 4000 galaxies with 
[O II], [O III], Hα, Hβ, or [S II] data in the redshift desert. The primary science goals are: (1) derive the 
extinction-corrected Hα luminosity function, and the resulting cosmic history of star formation across 
0.5 < z < 2; (2) measure the mass-metallicity relation at z > 1 to low masses; (3) examine the role of 
metal-poor dwarf galaxies in galaxy assembly; (4) use the Balmer-break and D4000 diagnostics to find 
and determine the ages of absorption-line galaxies down to J = 25; (5) search for rare objects such 
as Lyα emitters at z > 5.5, reddened AGN, close physical pairs of galaxies, and L- and T-dwarf stars.

In another Large program, strong lensing will be exploited to study star-forming galaxies at moderate 
redshift. The fundamental unit of star formation in the universe is neither a star, nor a galaxy, but a 
star-forming region with a typical scale of at most hundreds of parsecs. Even at full Hubble resolu-
tion, these regions are unresolved beyond rather modest redshifts. Hubble has been—and continues 
to be—heavily invested in studies of distant galaxies. Nevertheless, it has been unable to study the 
relevant physical scales of star formation in the distant universe. This program aims to overcome this 
resolution barrier by imaging a total of 73 strongly lensed galaxies at z ~ 1–3 discovered in the Sloan 
Digital Sky Survey. The combination of the exquisite image quality of Hubble and the magnification 
boost from strong lensing will allow robust measurements of the sizes, luminosities, star-formation 
rates, and stellar populations of individual star-forming clumps in these galaxies. The result will be the 
first-ever comprehensive data on star formation at its fundamental scale over the entire peak of the 
star-formation history in the universe. 

A Large Target-of-Opportunity Program will probe cosmic expansion with SNe Ia in the near infrared. 
Progress on measuring dark-energy properties with supernovae was rapid when the samples were 
small. Today, however, the statistical errors from sample size are less important than systematic errors 
introduced by photometry, dust, and fitting light-curves. Observations of SNe Ia in the near infrared 
offer the most promising way forward to a more accurate measurement of cosmic expansion history. 
Theory predicts and empirical evidence shows that SNe Ia are better standard candles in the Y, J, and 
H bands than in the optical bands. Dust absorption is similarly a much smaller problem in the near 
infrared. The drawback is that precise measurements of the rest-frame infrared flux from cosmologi-
cally interesting supernovae at z ~ 0.3 to 0.5 are not feasible from the ground. Hubble can solve this 
problem. By following up the most promising of the flood of SNe Ia discovered in PanSTARRS fields, 
WFC3/IR can obtain rest-frame infrared observations that will lead to precise cosmic distances and 
the best knowledge of dark energy.

The TAC recommended that four Archival Legacy programs be funded. One is a study of light echoes 
of supernovae and other transients in M31. The Multi-Cycle Treasury Survey of M31 is a rich repository 
of data that has not yet been systematically mined for transients and variables. This program intends 
to apply difference imaging to all suitable pairs of images in this extensive, ongoing survey and, to a 
smaller extent, other previous observations of M31. The main scientific goal is to discover light echoes 
of ancient SNe and other bright eruptive transients, like luminous blue variables, in the subset of dif-
ference images for which the two epochs were separated by six months. With the brightest of these 
echoes, one can do follow-up spectral classification of the source event, determine their ages, and 
determine properties of the scattering dust. The difference-image data products will also greatly improve 
the detection and characterization of variables and transients of all kinds using generic photometry in 
crowding-limited fields like M31. These data will be made available through the Mikulski Archive at 
Space Telescope, so that they can be easily accessed by archival investigators. 
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The second Archival Legacy program is a COS study of circumgalactic baryons. Our modern understand-
ing of galaxy evolution relies heavily on the exchange of matter between galaxies and the intergalactic 
medium (IGM) to explain a broad range of observable galaxy properties, such as color bimodality and the 
mass-metallicity relationship. The competition between mass gain and loss plays out in the circumgalactic 
medium (CGM). QSO absorption lines can be selected to probe the CGM, and these are well suited 
to characterize the metallicity and physics of the diffuse matter around galaxies. High-resolution QSO 
spectra taken with COS G130M and G160M will be used to address the following questions. What is 
the metallicity of extended galaxy halos at z < 1? What are the baryon and metal budgets of CGM gas 
at z < 1? The program will produce a public database of approximately 200 co-added QSO spectra 
with a line identification list for each QSO, which will provide the definitive database for studying the 
low-redshift IGM and the IGM-galaxy connection.

Another Archival Legacy program uses an astrostatistical approach to distant galaxy morphology. A 
galaxy’s morphology is an important tracer of its recent assembly history and correlates strongly with 
other fundamental properties such as star-formation history, kinematics, and black-hole mass. Current 
approaches do not fully exploit the wealth of structural information available in the deep Hubble images, 
nor do they reliably classify rare but important populations, such as galaxy mergers and unstable disks 
at z > 1. As a result, the connections between galaxy assembly, star formation, and morphological 
transformation via mergers, disk instabilities, and bulge formation remain unsolved problems. The 
primary goals for this program are (1) to derive a rigorous statistical methodology for quantifying and 
classifying distant galaxy structures; (2) to apply these new astrostatistical algorithms to galaxies at  
0 < z < 2.5 in the major Hubble extragalactic legacy fields and measure the structural evolution; and 
(3) to measure and classify mock Hubble images of hydrodynamic cosmological simulations of galaxies 
at 0 < z < 2.5, and test these against measurements of the real universe.

The fourth Archival Legacy program will construct a homogeneous ACS dataset for realistic galaxy 
simulations. Weak gravitational lensing (WL), the deflection of light from distant source galaxies due to 
the mass in intervening lenses, is a measurement technique that will be used to constrain dark matter 
and dark energy in several upcoming, wide-field imaging surveys. This project will reduce a limiting 
systematic error in WL measurements, the estimation of galaxy shapes and therefore coherent WL 
distortions, in the presence of the larger (and coherent) distortions due to the point-spread function (PSF). 
In particular, a training dataset covering ~380 square arcmin will be produced and publicly released. 
It will consist of homogeneously analyzed galaxies observed in at least two orbits and typically in two 
bands, each with a PSF estimate and a detailed understanding of the anisotropic, correlated noise in 
the images. This training data can be used as input for public simulation software that produces mock 
galaxy data to test the performance of WL analysis methods on realistic galaxies; it is complementary 
to a previous release of training data based on single-orbit data from the COSMOS survey.

Cycle 20 Proposals by PI Country
Country Submitted Approved Country Submitted Approved

Australia 12 3 Japan 10 3

Austria 2 0 Korea 5 1

Belgium 4 1 Mexico 3 0

Canada 13 2 Norway 1 0

Chile 12 2 Russia 3 2

China 1 0 Spain 11 1

Czech Republic 2 0 Sweden 6 1

Denmark 4 0 Switzerland 6 1

Finland 1 0 Taiwan 2 0

France 25 4 The Netherlands 20 5

Germany 33 9 United Kingdom 65 14

Greece 1 0 United States 817 173

Israel 7 1 Venezuela 1 0

Italy 23 5

ESA Proposals 214 45
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Sukanya Chakrabarti Florida Atlantic University 

Hsiao-Wen Chen, Chair University of Chicago 

Michael Cooper University of California – Irvine 

Asantha Cooray University of California – Irvine 

Emanuele Daddi Commissariat à l’Énergie Atomique 

Romeel Dave University of Arizona 

Vandana Desai California Institute of Technology 

Simon Driver University of Western Australia 

Harald Ebeling University of Hawaii 

Natascha Forster Schreiber Max-Planck-Institut für extraterres-
trische Physik 

Derek Fox The Pennsylvania State University 

Brenda Frye University of Arizona 

Elena Gallo University of Michigan 

Mauro Giavalisco University of Massachusetts 

Michael Gladders University of Chicago 

Paul Green Harvard-Smithsonian Center for 
Astrophysics 

Caryl Gronwall The Pennsylvania State University 

Sugata Kaviraj Imperial College London 

Julia Kennefick University of Arkansas Main Campus 

Lisa Kewley, Chair University of Hawaii 

Tae-Sun Kim University of Wisconsin – Madison 

Steve Kraemer Catholic University of America 

Mariska Kriek University of California – Berkeley 

Varsha Kulkarni University of South Carolina 

Peter Kurczynski Rutgers, the State University of  
New Jersey 

Xin Liu Harvard University 

James Lowenthal Smith College 

Lori Lubin, Chair University of California – Davis 

Erin Mentuch Cooper University of Texas at Austin 

Bahram Mobasher University of California – Riverside 

Ivelina Momcheva Yale University 

John Moustakas University of California – San Diego 

Name Institution
John Mulchaey Carnegie Institution of Washington 

Christopher O’Dea Rochester Institute of Technology 

Molly Peeples University of California – Los Angeles 

Reynier Peletier Kapteyn Astronomical Institute 

Bryan Penprase Pomona College 

Andrea Prestwich Harvard-Smithsonian Center for 
Astrophysics 

Mary Putman, Chair Columbia University in the City of New 
York 

Sandhya Rao University of Pittsburgh 

Naveen Reddy University of California – Riverside 

Christopher Reynolds University of Maryland – College Park

Philipp Richter University of Potsdam 

Paola Rodriguez Hidalgo York University 

Jessica Rosenberg George Mason University 

Samir Salim Indiana University System 

Vicki Sarajedini University of Florida 

Shobita Satyapal George Mason University 

Jennifer Scott Towson University 

Joseph Shields, Chair Ohio University 

Louis-Gregory Strolger, Chair Western Kentucky University 

Nial Tanvir University of Leicester 

Sylvain Veilleux University of Maryland – College Park

Anja von der Linden Stanford University 

Risa Wechsler Stanford University 

Jessica Werk University of California – Santa Cruz 

Galactic Panel Members
Barbara Anthony-Twarog University of Kansas 

Isabelle Baraffe, Chair University of Exeter 

Martin Barstow University of Leicester 

George Benedict University of Texas at Austin 

John Bochanski The Pennsylvania State University 

Alceste Bonanos National Observatory of Athens,  
Astronomical Institute 

Roger Chevalier, Chair University of Virginia 

Geoffrey Clayton Louisiana State University and  
A & M College 

Michael Cushing University of Toledo 

Andrea Dupree, Chair Harvard-Smithsonian Center for 
Astrophysics 

Trent Dupuy Harvard University 

Martin Durant University of Florida 

Annette Ferguson, Chair University of Edinburgh 

Francesco Ferraro Università di Bologna 

Ryan Foley Harvard University 

Marla Geha Yale University 

Raffaele Gratton Osservatorio Astronomico di Padova 

Cycle 20 TAC and Panel Members
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Name Institution
Bradley Hansen University of California – Los Angeles 

William Harris, Chair McMaster University 

Thomas Harrison New Mexico State University 

John Hillier University of Pittsburgh 

Jon Holtzman New Mexico State University 

Nitya Kallivayalil Yale University 

Adam Kraus University of Hawaii 

Thierry Lanz Observatoire de la Côte d’Azur 

Nicolas Lehner University of Notre Dame 

Sebastien Lepine American Museum of Natural History 

Emily Levesque University of Colorado at Boulder 

Michael Liu University of Hawaii 

Peter Lundqvist Stockholm University 

George Pavlov The Pennsylvania State University 

Anne Pellerin Texas A & M Research Foundation 

Geraldine Peters University of Southern California 

Carlton Pryor Rutgers, the State University of New 
Jersey 

Seth Redfield Wesleyan University 

Monica Rodriguez Instituto Nacional de Astrofisica, Óptica 
y Electrónica 

Robert Rubin NASA Ames Research Center 

Raghvendra Sahai Jet Propulsion Laboratory 

Greg Schwarz American Astronomical Society 

Letizia Stanghellini National Optical Astronomy Observatory

Paula Szkody University of Washington 

Eva Villaver Universidad Autónoma de Madrid 

Ted von Hippel Embry-Riddle Aeronautical University 

Stefanie Wachter California Institute of Technology 

Steve Zepf Michigan State University 

Planetary and Star-formation Panel Members
Daniel Apai University of Arizona 

Jacob Bean University of Chicago 

Beth Biller Max-Planck-Institut für Astronomie, 
Heidelberg 

Ian Bonnell University of St. Andrews 

Gael Chauvin Université de Grenoble I 

Kevin France University of Colorado at Boulder 

César Fuentes Northern Arizona University 

Boris Gänsicke University of Warwick 

Caitlin Griffith University of Arizona 

Will Grundy, Chair Lowell Observatory 

Meredith Hughes University of California – Berkeley 

Name Institution
Kandis-Lea Jessup Southwest Research Institute 

Carey Lisse The Johns Hopkins University Applied 
Physics Laboratory 

Katie Morzinski University of Arizona 

Lee Mundy University of Maryland – College Park

Luisa Rebull California Institute of Technology 

John Spencer Southwest Research Institute 

Karl Stapelfeldt NASA Goddard Space Flight Center 

Giovanna Tinetti, Chair University College London 

Michael Wong University of California – Berkeley

Cycle 20 TAC and Panel Members

TAC 
May 13-18, 2013
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Cycle 20 Approved Programs
PI Name PI Institution Type Title

Extragalactic Programs

Lee Armus California Institute of Technology SNAP UV Imaging of Luminous Infrared Galaxies in the GOALS Sample

Misty Bentz Georgia State University Research 
Foundation

GO A Cepheid Distance to NGC 6814

Edo Berger Harvard University GO Staring into the Beasts’ Lair: HST Observations of the Host Galaxies 
of Pan-STARRS Ultra-luminous Supernovae

Sanchayeeta Borthakur The Johns Hopkins University GO Direct Detection of Escaping Lyman Continuum Emission from Local 
Lyman-break Analog Galaxy

David Bowen Princeton University GO Mapping Baryons in the Halo of NGC 1097

Michael Boylan-Kolchin University of California – Irvine AR Simulating the Local Group in Cosmological Context

Joel Bregman University of Michigan GO The Galactic Fountain Meets the Accreting Halo

Carrie Bridge California Institute of Technology GO WISE Discovered Ly-α Blobs at High-z: The Missing Link?

Jane Charlton The Pennsylvania State University AR Mapping the Multiphase High-velocity Clouds in the Milky Way Halo

Marco Chiaberge Space Telescope Science Institute SNAP Universe in Transition: Powerful Activity in the Bright Ages

Kristin Chiboucas Gemini Observatory, Northern 
Operations

GO Origin of UCDs in the Coma Cluster

Asantha Cooray University of California – Irvine GO The Nature and Environment of a Luminous Starburst Galaxy During 
the Era of Reionization

Ivana Damjanov Harvard University GO Local Turbulent Disks: Analogs of High-redshift Vigorously Star-
forming Disks and Laboratories for Galaxy Assembly?

Harald Ebeling University of Hawaii SNAP A Snapshot Survey of the Most Massive Clusters of Galaxies

Xiaohui Fan University of Arizona GO Detecting Sources of Early IGM Enrichment

Xiaohui Fan University of Arizona GO Morphologies of the Most UV-luminous Lyman-break Galaxies  
at z ~ 3

Taotao Fang University of California – Irvine GO UV Spectroscopy of the H 2356-309 Sightline: Confirming the X-ray 
WHIM Absorber and Testing the Structure Formation Theory

Alex Filippenko University of California – Berkeley SNAP A Snapshot Survey of the Sites of Recent, Nearby Supernovae

Steven Finkelstein University of Texas at Austin AR Probing the Formation of Dust in the Early Universe

David Floyd Monash University GO Quasar Accretion Disks: Is the Standard Model Valid?

Amy Furniss University of California – Santa Cruz GO Determining the Redshift of the Blazar 3C 66A for Studies of the 
Extragalactic Background Light

Rajib Ganguly University of Michigan AR The Geometry of Quasar Outflows

Eilat Glikman Yale University GO Testing the Merger Hypothesis for Black Hole/Galaxy Co-Evolution at 
z ~ 2

Anthony Gonzalez University of Florida GO A Lensing Study of IDCS J1426.5+3508: A Massive Galaxy Cluster 
at z = 1.75

Timothy Heckman The Johns Hopkins University GO UV Spectroscopy of Lyman-break Galaxy Analogs: A Local Window 
on the Early Universe

Alaina Henry University of California – Santa 
Barbara

GO Gaseous Outflows from Low-mass Galaxies: Understanding Local 
Laboratories for High-redshift Star Formation

Luis Ho Carnegie Institution of Washington AR The Origin of the Intrinsic Scatter in the Correlation Between Black 
Hole Mass and Bulge Luminosity in Active Galaxies

Luis Ho Carnegie Institution of Washington SNAP The Evolutionary Link Between Type 2 and Type 1 Quasars

Sungryong Hong National Optical Astronomy 
Observatory

GO Impact of Environments on Lyman-α–emitting Galaxies at High 
Redshift (z ~ 2.7)
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Cycle 20 Approved Programs
PI Name PI Institution Type Title

Bethan James Space Telescope Science Institute GO Diagnosing Ionization Mechanisms in Blue Compact Dwarfs, the 
Local Analogues to Primordial Galaxies

Igor Karachentsev Russian Academy of Sciences, 
Special Astrophysical Obs.

GO Exposing the Maffei Group

Igor Karachentsev Russian Academy of Sciences, 
Special Astrophysical Obs.

GO The Near Edge of Infall into the Virgo Cluster

Susan Kassin NASA Goddard Space Flight Center AR Evolution of Early-type Field Galaxies since z ~ 1: Insight into 
Physical Processes at Work

Tae-Sun Kim University of Wisconsin – Madison AR The Evolution of Intergalactic Neutral Hydrogen (HI) over Cosmic 
Time

Lindsay King University of Texas at Dallas GO When Giants Collide: Mapping the Mass in the Cluster Merger Abell 
2146

Leon Koopmans Kapteyn Astronomical Institute GO Discovering the Dark Side of CDM Substructure

Ralf Kotulla University of Wisconsin – Milwaukee AR The Next Generation of Galaxy-evolution Models: A Symbiosis of 
Stellar Populations and Chemical Abundances

Mariska Kriek University of California – Berkeley AR Reconstructing the Lives of Massive Galaxies: From Large Clumpy 
Star-forming to Compact Quiescent Galaxies?

Gerard Kriss Space Telescope Science Institute GO Continuing a Successful Multiwavelength Campaign: Watching the 
AGN Outflow from Mrk 509 with COS

Karen Leighly University of Oklahoma Norman 
Campus

GO WPVS 007: Acceleration or Evolution in a Broad Absorption-line 
Outflow

Karen Leighly University of Oklahoma Norman 
Campus

GO The Nature of Partial Covering in Broad Absorption-line Quasars

Claus Leitherer Space Telescope Science Institute AR Comprehensive Radiation-hydrodynamic Models for Wolf-Rayet 
Galaxy Spectra

Simon Lilly Eidgenossiche Technische 
Hochschule

GO Do Winds Transport Magnetic Fields out of High-redshift Galaxies?

Richard Massey University of Durham GO Longevity of Dark Matter Substructure in Abell 3827

Michael McDonald Massachusetts Institute of 
Technology

GO Are Young Stars Condensing Out of the Rapidly Cooling Intracluster 
Medium?

Brian McNamara Smithsonian Institution Astrophysical 
Observatory

GO The Massive Black Hole in the MS0735 Brightest Cluster Galaxy

Matthew Mechtley Arizona State University GO WFC3 IR Imaging of UV-faint z = 6 Quasars: Star-forming Host 
Galaxies of AGN in the Early Universe

Margaret Meixner Space Telescope Science Institute GO The Life Cycle of Dust in the Magellanic Clouds: Crucial Constraints 
from Zn and Cr Depletions

Leonidas Moustakas Jet Propulsion Laboratory AR The Master Lens Database and the Orphan Lenses Project

John Mulchaey Carnegie Institution of Washington SNAP A Public Snapshot Survey of Galaxies Associated with O VI and  
Ne VIII Absorbers

John Mulchaey Carnegie Institution of Washington AR Groups of Galaxies in the CDFS: Tracing the Evolution of Galaxies 
from z = 1.6 to the Present Day

Richard Mushotzky University of Maryland GO Hubble Observations of Kepler-monitored AGN–GO Orbits

Adam Muzzin Leiden Observatory GO Size Growth at the Top: WFC3 Imaging of Ultra-massive Galaxies  
at 1.5 < z < 3

Andrew Newman California Institute of Technology GO The Role of the Environment in the Growth of Compact Red Galaxies 
at z ~ 2

Göran Östlin Stockholm University GO Escape of Lyman Photons from Tololo 1247-232

Eran Ofek California Institute of Technology GO SDSS 0921+28: A Unique Lensed Quasar System
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Cycle 20 Approved Programs
PI Name PI Institution Type Title

Yoshiaki Ono University of Tokyo GO The Nature of Star Formation in Two Spectroscopically Confirmed, 
Exceptionally Luminous Galaxies beyond a Redshift 7

Benjamin Oppenheimer Universiteit Leiden AR The Sensitive Side of Galaxy Formation: How sub-L* Galaxies 
Accrete, Form Stars, and Enrich the IGM

Daniel Perley California Institute of Technology GO Unveiling the Dusty Universe with the Host Galaxies of Obscured 
GRBs

Daniel Proga University of Nevada – Las Vegas AR Thermal and Dynamical Models of Broad Line Regions in AGN—
Testing Virial Estimators of Black Hole Masses

Alvio Renzini Osservatorio Astronomico di Padova GO The Ultraviolet View of Globular Clusters in the Giant Elliptical M87

Adam Riess Space Telescope Science Institute GO A 1% Measurement of the Distance Scale with Perpendicular Spatial 
Scanning

Gregory Rudnick University of Kansas Center for 
Research, Inc.

GO Spatially Resolved Observations of Gas Stripping in Intermediate 
Redshift Clusters and Groups

Abhijit Saha National Optical Astronomy 
Observatory

GO Establishing a Network of DA White Dwarf SED Standards

Claudia Scarlata University of Minnesota – Twin Cities AR Probing the Lyman Continuum in Sub-M* Galaxies at z ~ 1

Alice Shapley University of California – Los Angeles GO A Critical Test of the Nature of Lyman Continuum Emission at z ~ 3

Yue Shen Harvard-Smithsonian Center for 
Astrophysics

GO Imaging the Host Galaxies of Low-redshift Quasars with Associated 
Absorbers

J. Shull University of Colorado at Boulder AR An AGN Composite Spectrum in the Far-ultraviolet and Lyman 
Continuum

Brian Siana University of California – Riverside GO Ultra-faint Galaxies at the Peak Epoch of Star Formation

Chris Simpson Liverpool John Moores University GO The Environment of the z = 7.085 QSO ULAS J1120+0641

John Stocke University of Colorado at Boulder GO Probing Weak Intergalactic Absorption with Flaring Blazar Spectra

Michael Strauss Princeton University GO The Host Galaxies of High-luminosity Obscured Quasars at z ~ 2.5

Veronica Strazzullo CEA/DSM/DAPNIA/Service 
d’Astrophysique

GO Red Galaxies in CL J1449+0856 at z = 2.07: The Red Sequence in 
the Most Distant Galaxy Cluster

Sherry Suyu University of California – Santa 
Barbara

GO Accurate Cosmology from Gravitational Lens Time Delays

Mark Swinbank University of Durham GO A Morphological Study of ALMA Identified Sub-mm Galaxies with 
HST/WFC3

David Syphers University of Colorado at Boulder GO Probing the Reionization Epoch of IGM Helium: A Detailed Follow-up 
Study of Three High-Quality He II Quasars

Clive Tadhunter University of Sheffield GO The Importance of Warm Outflows in the Most Rapidly Evolving 
Galaxies in the Local Universe

Nicolas Tejos University of Durham GO Large-scale Structure in Absorption up to z ~ 0.4

Kim-Vy Tran Texas A & M Research Foundation GO At the Turn of the Tide: WFC3/IR Imaging and Spectroscopy of Two 
Galaxy Clusters at z ~ 2

Michele Trenti University of Cambridge GO Unveiling the Structure of the Farthest Galaxy Protocluster: WFC3 
Imaging of a z ~ 8 Galaxy Overdensity

Jonathan Trump University of California – Santa Cruz AR Do Typical Galaxies in Adolescence Already Host  
Growing Black Holes?

Kohji Tsumura Institute of Space and Astronautical 
Science, Japan Aerospace 
Exploration Agency

GO Absolute Measurement of the Cosmic Near-infrared Background 
Using Eclipsed Galilean Satellites as Occulters

Jason Tumlinson Space Telescope Science Institute GO COS-Halos: New FUV Measurements of Baryons and Metals in the 
Inner Circumgalactic Medium
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Cycle 20 Approved Programs
PI Name PI Institution Type Title

Remco van den Bosch Max-Planck-Institut für Astronomie, 
Heidelberg

GO The Most Massive Black Holes in Small Galaxies

Risa Wechsler Stanford University AR Galaxy Star-formation Histories as a Function of Halo Mass and 
Environment across Cosmic Time

Benjamin Williams University of Washington GO The Blue Horizontal Branch as a Reliable Tracer of Galaxy Stellar 
Halos

Rik Williams Carnegie Institution of Washington GO Monsters at the Dawn of the Thermal Era: Probing the Extremes of 
Galactic Mass at z > 2.5

Aida Wofford Space Telescope Science Institute GO Do Lyman-α Photons Escape from Star-forming Galaxies through 
Dust Holes?

Jong-Hak Woo Seoul National University GO Calibrating Black Hole Mass Estimators Using the Enlarged Sample 
of Reverberation-mapped AGNs

Gabor Worseck University of California – Santa Cruz GO How Extended was He II Reionization? A Statistical Census Probing 
Deep into the Reionization Era

Yujin Yang Max-Planck-Institut für Astronomie, 
Heidelberg

GO Testing the Cold Stream Accretion Model Using Lyman-α Blobs

Nadia Zakamska The Johns Hopkins University AR Feeding Active Nuclei in Gas-poor Galaxies

Planetary and Star-formation Programs
Philip Armitage University of Colorado at Boulder AR Signatures of Turbulence in Directly Imaged Protoplanetary Disks

Sarah Badman Institute of Space & Astronautical 
Science

GO A Unique Opportunity to Discover How Energy Is Transported through 
Jupiter’s Magnetosphere

Tracy Beck Space Telescope Science Institute GO Spatially Resolving the Disk Mass Accretion Process in Young Star 
Binaries

Susan Benecchi Carnegie Institution of Washington GO Precise Orbit Determination for New Horizons Candidate KBOs

Beth Biller Max-Planck-Institut für Astronomie, 
Heidelberg

SNAP Search for Planetary-mass Companions around the Coolest Brown 
Dwarfs

Geoffrey Bryden Jet Propulsion Laboratory AR Herschel-resolved Debris Disks: HST Constraints on Dust Albedo

Marc Buie Southwest Research Institute GO Pluto System Orbits in Support of New Horizons

Eugene Chiang University of California – Berkeley AR Colliding Planetary and Stellar Winds: Charge Exchange and Metal 
Absorption in Hot Jupiter Exospheres

John Clarke Boston University GO The D/H Ratio and Escape of Water from Venus

Nicola Da Rio European Space Agency – ESTEC GO Characterizing the Mass-accretion rates in Young Low-mass Stars at 
Low Metallicity

Imke de Pater University of California – Berkeley GO Giant Impacts on Giant Planets

Drake Deming University of Maryland – College Park AR Exoplanetary Spectroscopy with NICMOS Revisited

Pieter Deroo Jet Propulsion Laboratory GO Comparing Planet Formation Signatures in Two Systems

David Ehrenreich Université de Grenoble I GO Properties and Dynamics of the Upper Atmosphere of the Hot-
Neptune GJ 436b

Kevin France University of Colorado at Boulder GO Project WHIPS (Warm H2 in Protoplanetary Systems): Direct 
Measurement of Molecular Abundances in Circumstellar Disks

Adam Frank University of Rochester AR Climbing the Ladder of Star-formation Feedback

Boris Gänsicke The University of Warwick GO The Chemical Diversity of Extra-solar Planetary Systems

András Gáspár University of Arizona GO Pointing the Finger: Calibrating the Hidden Features of STIS and 
Enabling New Coronagraphy at Separations of 0.15’’

Ronald Gilliland The Pennsylvania State University SNAP Study of Small and Cool Kepler Planet Candidates with High-
resolution Imaging

Carol Grady Eureka Scientific Inc. GO Crossing the Snow Line: Mapping Ice Photo-desorption Products in 
the Disks of Herbig Ae-Fe Stars
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Cycle 20 Approved Programs
PI Name PI Institution Type Title

Denis Grodent Université de Liège GO Unraveling Electron-acceleration Mechanisms in Ganymede’s Space 
Environment through N-S Conjugate Imagery of Jupiter’s Aurora

William Grundy Lowell Observatory SNAP Testing Collisional Grinding in the Kuiper Belt

Catherine Huitson University of Exeter GO The First Transmission Spectrum of an Eccentric Cool Jupiter

David Jewitt University of California – Los Angeles GO Hubble Imaging of a Newly Discovered Main-belt Comet

Christopher Johns-Krull Rice University GO Exploring the Role of Stellar Magnetic Fields in Accretion and 
Outflows from Young Stars using the Hot Emission Lines of Herbig 
Ae/Be Stars

Christopher Johns-Krull Rice University SNAP Testing Disk Locking in the Orion Nebula Cluster

Paul Kalas University of California – Berkeley GO Determining the Orbit of Fomalhaut b and Discovering Structure in 
the Debris Belt

Erich Karkoschka University of Arizona AR Comprehensive Analysis of the Atmosphere of Uranus Using ~1000 
HST Images

Laurent Lamy Observatoire de Paris – Section de 
Meudon

GO Near-equinox Spectro-imaging of Uranus Aurorae Sampling Two 
Planetary Rotations

Jessica Lu University of Hawaii GO The IMF and Internal Kinematics of the Massive Young Star Cluster, 
Westerlund 1

Peter McCullough Space Telescope Science Institute GO Spanning the Chasms: Re-observing the Transiting Exoplanet HD 
189733b

Keith Noll NASA Goddard Space Flight Center GO Search for Binaries among Ultra-slow Rotating Trojans, Hildas, and 
Outer Main Belt Asteroids

Deborah Padgett NASA Goddard Space Flight Center GO STIS Coronagraphy of Bright New Debris Disks from the WISE All-
sky Survey

Ignazio Pillitteri Harvard-Smithsonian Center for 
Astrophysics

GO Probing the Evaporation of HD 189733b Atmosphere

Frédéric Pont University of Exeter GO Measuring the Albedo of HD 189733b at Optical Wavelengths

Saul Rappaport Massachusetts Institute of 
Technology

GO Possible Disintegrating Short-period Super-Mercury Orbiting KIC 
12557548

Aki Roberge NASA Goddard Space Flight Center GO An Inventory of Gas in a Debris Disk: Far-UV Spectroscopy of 49 Ceti

Joachim Saur Universität zu Köln GO Investigation of Emission Anomalies from Europa’s Atmosphere: 
Search for Possible Plumes

Peter Schneider Universität Hamburg, Hamburger 
Sternwarte

GO Stationary Components in the DG Tau Jet: A New Challenge for Jet 
Models?

Lawrence Sromovsky University of Wisconsin – Madison GO Methane Migration on a Uranus-class Planet: Symmetric or 
Seasonal?

Ian Stephens University of Illinois at Urbana – 
Champaign

GO Probing Isolated Massive-star Formation in the LMC

Frédéric Vincent University of California – Davis GO Determination of the Line-spread Function of the E140H Grating with 
the 0.2 × 0.5 Slit

Klaus Werner University of Tübingen GO Chemical Composition of an Exo-planetary Debris Disk

Eliot Young Southwest Research Institute GO Mapping the Methane and Aerosol Distributions within Titan’s 
Troposphere: Complementing the Cassini/VIMS T90 Flyby of Titan

Galactic Programs
Katelyn Allers Bucknell University GO A High-resolution Survey of the Very Youngest Brown Dwarfs

Rodolfo Angeloni Pontificia Universidad  
Católica de Chile

GO Unveiling the Giant Jet from Sanduleak’s Star in the Large 
Magellanic Cloud

Jeremy Bailin University of Michigan AR The Age-metallicity Relation of Galaxies in a λCDM Universe
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Cycle 20 Approved Programs
PI Name PI Institution Type Title

Andrea Bellini Space Telescope Science Institute AR Hunting for Intermediate-mass Black Holes: Archival Proper-motion 
Analysis of Globular Clusters

Martha Boyer Space Telescope Science Institute GO Towards Identifying Carbon Stars Beyond the Local Group

Fabio Bresolin University of Hawaii GO A Precise Calibration of the Zero Point of the Cosmic Distance Scale 
from Late-type Eclipsing Binaries in the LMC

Thomas Brown Space Telescope Science Institute GO A New Instability Strip in the HR Diagram of Massive Globular 
Clusters

Sourav Chatterjee University of Florida AR Modeling the Blue Stragglers in Globular Clusters

You-Hua Chu University of Illinois at Urbana – 
Champaign

GO Resolving the Thermal Conduction Front in the Bubble S308

Andrew Cole University of Tasmania GO Splendid Isolation: Using DDO 210 to Benchmark Dwarf Galaxy 
Evolution

Andrea De Luca INAF, Instituto di Astrofisica Spaziale 
e Fisica, Milano

GO Imaging the Crab Nebula when It Is Flaring in Gamma-rays

Guido De Marchi European Space Agency – ESTEC GO Studying Pre-main-sequence Stars across the Metallicity Ladder

John Debes Space Telescope Science Institute GO WFC3 Micro-arcsecond Astrometry of the Possible SN Ia Progenitor 
BPM 71214

Sergio Dieterich Georgia State University Research 
Foundation

GO Probing Fundamental Stellar Parameters with HST/STIS 
Spectroscopy of M-Dwarf Binaries

Tuan Do University of California – Irvine GO Measuring the Milky Way Mass with the Proper Motion of Leo T

Paul Dobbie University of Tasmania GO Confirming the Theoretical Link between Ultra-massive White Dwarfs 
and Heavy-weight Intermediate-mass Stars

Martin Durant University of Florida GO The FUV Bow-shock Nebula of PSR J0437-4715

Annette Ferguson University of Edinburgh, Institute for 
Astronomy

GO Deciphering the Assembly History of Galactic Disks: The Resolved 
Record in the Outer Disk of M31

Francesco Ferraro Universita di Bologna GO COSMIC-LAB: Hunting for Optical Companions to Binary MSPs in 
Globular Clusters

Francesco Ferraro Universita di Bologna GO COSMIC-LAB: Unveiling the True Nature of Terzan 5, a Pristine 
Fragment of the Galactic Bulge

Alex Filippenko University of California – Berkeley GO Early Time UV Spectroscopy of a Stripped-Envelope Supernova: A 
New Window

Ryan Foley Harvard-Smithsonian Center for 
Astrophysics

GO Are the Progenitors of SN 2002cx-like Objects Massive Stars or 
White Dwarfs?

Peter Garnavich University of Notre Dame SNAP Global Properties Are Not Enough: Probing the Local Environments of 
Type Ia Supernovae

Christopher Gelino California Institute of Technology GO In Search of the Coldest Atmospheres: Identifying Companions to the 
Latest WISE Brown Dwarfs

Paul Goudfrooij Space Telescope Science Institute GO What Causes Extended Main-sequence Turn-offs in Intermediate-age 
Star Clusters?

Michael Gregg University of California – Davis AR Under Construction: The Next Generation Spectral Library

Martín Guerrero Instituto de Astrofísica de Andalucía GO Witnessing the Expansion of Hydrogen-poor Ejecta in Born-again 
Planetary Nebulae

Edward Guinan Villanova University GO Probing the Complicated Atmospheres of Cepheids with HST-COS: 
Plasma Dynamics, Shock Energetics and Heating Mechanisms

Edward Guinan Villanova University GO A Comprehensive COS Study of the Magnetic Dynamos,  
Rotations, UV Irradiances and Habitability of dM Stars with a  
Broad Span of Ages

Ulrich Heber Universität Erlangen-Nürnberg GO HD 188112—A Candidate Supernova Ia Progenitor



  17  

Cycle 20 Approved Programs
PI Name PI Institution Type Title

Craig Heinke University of Alberta GO A Deep, Near-UV Probe of the Faint Cataclysmic Variable Population 
of 47 Tucanae

Edward Jenkins Princeton University GO The Physical and Dynamical Properties of Gas that Molds the Fermi 
Bubbles

Saurabh Jha Rutgers, the State University of New 
Jersey

GO The Peculiar Type Ia Supernova 2012Z: A Massive Star Progenitor?

Oleg Kargaltsev University of Florida GO Multiwavelength Spectra of the Fine Structure of the Crab

Patrick Kelly Stanford University AR Young Stellar Populations near the Sites of Stripped-envelope 
Supernovae

Andreas Küpper Universität Bonn, Argelander Institute 
for Astronomy

GO The Proper Motion of Palomar 5 and its Tidal Tails

Thierry Lanz Observatoire de la Côte d’Azur GO The Wind of Massive Stars in Low-metallicity Galaxies

Nicolas Lehner University of Notre Dame GO Our Interstellar Backyard: Determining the Boundary Conditions for 
the Heliosphere

Nicolas Lehner University of Notre Dame GO Are the Milky Way’s High-velocity Clouds Fuel for Star Formation or 
for the Galactic Corona?

Daniel Lennon Space Telescope Science Institute GO Proper Motions of Isolated Massive Stars near the Galactic Center

Andrew Levan The University of Warwick GO Unveiling the Progenitors of the Most Luminous Supernovae

Kevin Luhman The Pennsylvania State University GO Photometry of the Coldest Benchmark Brown Dwarf

Barry Madore Carnegie Institution of Washington GO A Geometric Distance to the Small Magellanic Cloud using the 
Expanding Supernova Remnant 1E 0102-7219

Frantz Martinache Research Corporation of the 
University of Hawaii/Subaru 
Telescope Project

AR Super-resolution Detection of Ultracool Dwarfs in the HST/NIC1 
Archive

Philip Massey Lowell Observatory SNAP The Unevolved Massive Star Content of the Magellanic Clouds

Jon Mauerhan University of Arizona GO A Homunculus around the Star NaSt1 (WR122)?

Justyn Maund The Queen’s University of Belfast GO Stellar Forensics IV: A Post-explosion View of the Progenitors of 
Core-collapse Supernovae

Curtis McCully Rutgers, the State University of New 
Jersey

GO UV Spectroscopy of a Peculiar White Dwarf Supernova

Antonella Nota Space Telescope Science Institute GO Westerlund 2, Top to Bottom: How Massive Star Clusters Form

Jose Prieto Princeton University GO The Stellar Environment of SN 2008jb: Resolving the Nature of the 
Progenitor

Judith Provencal University of Delaware GO COS Observations of Pulsating DB White Dwarfs

Thomas Puzia Pontificia Universidad Catolica de 
Chile

GO Searching for the H-α ‘’Smoking Gun’’ of Prolonged Star Cluster 
Formation

David Radburn-Smith University of Washington AR The HST Milky Way Stellar Photometry Archive

Marina Rejkuba European Southern Observatory – 
Germany

GO Probing the Outermost Halo in a Giant Galaxy: Is it Metal-poor and 
Where Does it End?

Harvey Richer University of British Columbia GO Completing the Empirical White Dwarf Cooling Sequence: Hot White 
Dwarfs in 47 Tucanae

Ian Roederer Carnegie Institution of Washington GO The Most Complete Template for r-process Nucleosynthesis beyond 
the Solar System

Robert Rubin NASA Ames Research Center AR Cospatial [O III] Emission with Herschel and Hubble to Address the 
Nebular Abundance Discrepancy Problem

Kailash Sahu Space Telescope Science Institute GO Determining the Mass of Proxima Centauri through Astrometric 
Microlensing

Kailash Sahu Space Telescope Science Institute GO Detecting Isolated Black Holes through Astrometric Microlensing
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Cycle 20 Approved Programs
PI Name PI Institution Type Title

Ravi Sankrit Universities Space Research 
Association

GO Kepler’s SNR: A Type Ia Supernova from a Single-degenerate 
System?

James Schombert University of Oregon GO UV Imaging of LSB Galaxies

Michael Shara American Museum of Natural History GO Local Thermonuclear Runaways in Dwarf Novae?

Edward Sion Villanova University GO The Unique Recurrent Nova T Pyxidis: The Decline and Transition to 
Quiescence

Evan Skillman University of Minnesota – Twin Cities GO Is the First Epoch of Star Formation in Satellite Galaxies Universal?: 
M31 vs. Milky Way dSphs

Nathan Smith University of Arizona GO Measuring the Wind Properties of a Galactic SN 1987A Analog  
with COS

Alicia Soderberg Harvard University GO What Powers Nature’s Most Luminous Supernovae?

William Sparks Space Telescope Science Institute GO Optical Line Emission Impact Polarization: SN 1006

Danny Steeghs The University of Warwick GO Emission-line Imaging of the Bipolar Shell in the Helium Nova V445 
Puppis

Jay Strader Harvard-Smithsonian Center for 
Astrophysics

GO The First Unambiguous Detection of a Distinct Metal-poor Stellar 
Halo in a Massive Early-type Galaxy

Rollin Thomas Lawrence Berkeley National 
Laboratory

GO Late-time STIS Spectroscopy of the Extremely Nearby  
Type Ia SN 2011fe

Roeland van der Marel Space Telescope Science Institute GO The Nature of Dark Matter: Halo Cusps or Cores from dSph Internal 
Proper-motion Dynamics

Schuyler Van Dyk California Institute of Technology GO Stellar Origins of Supernovae

Enrico Vesperini Drexel University AR Dynamics of Binary Stars in Multiple Population Globular Clusters

Daniel Weisz University of Washington AR Measuring the Ancient Star-formation Histories of the Magellanic 
Clouds

Daniel Welty University of Chicago GO Properties of Diffuse Molecular Gas in the Magellanic Clouds

J. Wheeler University of Texas at Austin AR Multidimensional Simulations of Pair-instability Supernovae and 
Circumstellar Interaction

Benjamin Williams University of Washington AR The Masses of Supernova Remnant Progenitors

Yangsen Yao Eureka Scientific Inc. GO Multiwavelength Spectroscopy of the Interstellar Medium: O and Ne 
Abundance Ratio

Ofer Yaron Weizmann Institute of Science GO The Active Pair-instability Supernova PTF10nmn: Late-time 
Photometry, Host Properties and Precise Localization

Dennis Zaritsky University of Arizona GO Direct Confirmation of Intracluster Stars as SN Ia Progenitors

Large Programs
Jacob Bean University of Chicago GO Revealing the Diversity of Super-Earth Atmospheres

Luigi Bedin Osservatorio Astronomico di Padova GO A Search for Binaries with Massive Companions in the Core of the 
Closest Globular Cluster M4

Michael Cushing University of Toledo GO Completing the Census of Ultracool Brown Dwarfs in the Solar 
Neighborhood using HST/WFC3

Boris Gänsicke The University of Warwick GO The Mass and Temperature Distribution of Accreting White Dwarfs

Michael Gladders University of Chicago GO Resolving the Star Formation in Distant Galaxies

Robert Kirshner Harvard University GO RAISIN: Tracers of Cosmic Expansion with SN Ia in the IR

Adam Riess Space Telescope Science Institute GO The Hubble Constant: Completing HST ’s Legacy with WFC3

Treasury Programs
Elena Sabbi Space Telescope Science Institute GO Hubble Tarantula Treasury Project (HTTP: Unraveling Tarantula’s 

Web)
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This image of 30 Doradus is one of the largest mosaics ever assembled from Hubble photos and includes observations taken by Hubble's Wide Field Camera 3 and Advanced 
Camera for Surveys. Hubble made the observations in October 2011.

Cycle 20 Approved Programs
PI Name PI Institution Type Title

Pure Parallel Programs
Matthew Malkan University of California –  

Los Angeles
GO WFC3 Infrared Spectroscopic Parallel Survey WISP: A Survey of Star 

Formation across Cosmic Time

AR Legacy Programs
Nicolas Lehner University of Notre Dame AR A COS Legacy Study of Circumgalactic Baryons

Jennifer Lotz Space Telescope Science Institute AR An Astrostatistical Approach to Distant Galaxy Morphology

Rachel Mandelbaum Carnegie Mellon University AR A Homogeneous ACS Dataset for Realistic Galaxy Simulations

Armin Rest Space Telescope Science Institute AR Light Echoes of Supernovae and other Transients in M31
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An Ultraviolet Initiative for 
Hubble in Cycle 21
Neill Reid, inr@stsci.edu & Ken Sembach, sembach@stsci.edu 

Introduction

Earth’s atmosphere is essentially completely opaque to radiation at wavelengths shorter than 315 
nm. Astronomers are therefore dependent on space missions for observations at those wavelengths. 

Starting with Orbiting Astronomical Observatory 2, and running through Copernicus, International 
Ultraviolet Observatory, Extreme Ultraviolet Explorer, Hubble, Far Ultraviolet Spectroscopic Explorer, and 
Galaxy Evolution Explorer, ultraviolet (UV) observations from orbiting observatories have played a central 
role in mapping the distribution and composition of warm and hot gas in the local universe, probing the 
characteristics of energetic phenomena, revealing the properties of nebulae and remnants of stellar 
evolution, studying stellar winds and chromospheres, and sampling planetary atmospheres inside and 
outside the solar system.

With a few limited exceptions, Hubble is the only current mission capable of undertaking detailed 
observations above the Earth’s atmosphere in the 90–320 nm UV range. Observations with four Hubble 
instruments—Cosmic Origins Spectrograph (COS), Space Telescope Imaging Spectrograph (STIS), Advanced 
Camera for Surveys (ACS), and Wide-Field Camera 3 (WFC3)—are currently the cornerstone of modern 
astrophysical investigations at those wavelengths. Imaging observations can provide information on how 
star-formation regions interact with the local interstellar medium (Figure 1). Spectroscopic observations 
are crucial to mapping the distribution of metals in gaseous media (Figure 2). These capabilities will not 
be available forever. STIS and ACS are single-string instruments, and COS sensitivity, while expected to be 
excellent for at least another five years, will eventually degrade. New missions targeting UV wavelengths 
are not yet on the horizon.

Figure 1: WFC3 UV-optical imaging of star-formation regions in the dwarf galaxy, NGC 4214.
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Table 1. UV-specific Large/Treasury GO programs, Cycles 17–20
PI Title Orbits

Cycle 17 382/1069 orbits = 35%

GO 11616 Herczeg The Disks, Accretion, and Outflows of T Tau Stars 111 orbits

GO 11741 Tripp Probing Warm-hot Intergalactic Gas at 0.5 < z < 1.3 with a Blind Survey for O VI, 
Ne VIII, Mg X, and Si XII Absorption 

137 orbits

GO 12248 Tumlinson How Dwarf Galaxies Got that Way: Mapping Multiphase Gaseous Halos and 
Galactic Winds Below L*

134 orbits

Cycle 18 275/368 orbits = 43%
GO 12278 Ayres Advanced Spectral Library Project: Cool Stars 146 orbits

GO 13033 Tumlinson COS-halos: New FUV Measurements of Baryons and Metals in the Inner  
Circumgalactic Medium

129 orbits

Cycle 19 209/574 orbits = 36%
GO 12603 Heckman Understanding the Gas Cycle in Galaxies: Probing the Circumgalactic Medium 119 orbits

GO 12534 Teplitz The Panchromatic Hubble Ultra Deep Field: Ultraviolet Coverage   90 orbits

Cycle 20 122/746 orbits = 16%
GO 12870 Gänsicke The Mass and Temperature Distribution of Accreting White Dwarfs 122 orbits

UV science in recent cycles 

UV observations have been a key part of Hubble’s science program since its launch, and they have 
played a particularly strong role since Servicing Mission 4 (SM4), which included the installation of COS 
and WFC3 and the refurbishment of STIS. Table 1 lists the UV-specific Large and Treasury programs 
allocated time post-SM4. With the exception of Cycle 20, UV science (mainly spectroscopy) has garnered 
35–40% of the time allocated to Large and Treasury programs in recent years. 

Figure 2: COS spectrum of QSO J1016+4706; the expanded sections in the lowest panels show absorption 
features produced by hot gas in the extended halos of the foreground galaxies G1 and G2 identified in the finding 
chart (from Tumlinson et al. 2011, Science 334, 948 – Figure credit: J. Tumlinson & C. Thom).
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Large (>100 orbit) and Treasury programs are allocated by the HST TAC; smaller requests are 
peer-reviewed by subject-specific panels (see the article by Fox et al. in this Newsletter ). UV science 
is also a major component of the science program allocated by those panels. Tables 2 and 3 sum-
marize the distribution by instrument mode of time allocated to observing programs across the Time 
Allocation Committee (TAC) and panels in Cycles 19 and 20. These tables include only GO programs 
and include data for both submitted and approved proposals. All ACS/SBC and COS observations are 
UV-specific, and we have separated the STIS CCD and MAMA allocations to give a clearer picture of 
the UV component for that instrument. The WFC3 imaging programs include a component of UV-specific 
science, but often as part of a broader set of optical/IR observations which makes it more difficult to 
consider a specific success rate for those proposals. We have therefore not attempted to subdivide 
the WFC3 imaging statistics. The WFC3 spectroscopic proposals are overwhelmingly for near-IR grism 
observations. In these tables:

 • Nmode(accepted) is the number of proposals (or orbits) accepted with specific instrument as the 
prime instrument.

 • % total is Nmode (accepted)/total proposals (or orbits) accepted in the entire proposal (or orbit) 
pool ×100.

 • Success rate is Nmode(accepted)/Nmode(submitted) ×100.

Table 2. Distribution of all GO observations by  
instrument mode in Cycle 19

Mode Nmode 
(accepted) % total Success 

rate
Orbits 

accepted % total Success 
rate

ACS/SBC   4   1.7% 17.4%   56  1.9% 25.5%

ACS/WFC  27 11.7% 13.9%  550 18.8% 13.9%

COS  34 14.8% 20.4%  522 17.9% 16.7%

STIS/CCD  30 13.0% 33.0%  353 12.1% 21.8%

STIS/MAMA  48 20.9% 27.4%  304 10.4% 15.0%

WFC3/Spec  12  5.2% 31.5%  144  4.9% 22.1%

WFC3/
Imaging

 75 32.6% 16.3%  991 33.9% 11.9%

Total 230 2920

Table 3. Distribution of all GO observations by  
instrument mode in Cycle 20

Mode Nmode 
(accepted) % total Success 

rate
Orbits 

accepted % total Success 
rate

ACS/SBC   5  2.1% 17.9%   32  1.1% 18.0%

ACS/WFC  41 17.3% 18.6%  389 13.1% 10.5%

COS  38 16.0% 21.8%  561 18.9% 18.5%

STIS/CCD  15  6.3% 20.6%   90  3.0% 12.4%

STIS/
MAMA

 28 11.8% 23.1%  193  6.5% 16.7%

WFC3/
Spec

  9  3.8% 17.0%  163  5.5% 18.5%

WFC3/
Imaging

101 42.6% 21.0% 1534 51.8% 19.1%

Total 237 2962
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It is clear from these tables that the success rate for Hubble proposals is, as one would hope, 
largely independent of instrument mode. WFC3 imaging accounts for the largest segment of Hubble 
observations because it attracts the largest number of proposals; thus, WFC3/imaging and COS had 
essentially the same success rate in Cycle 20, but WFC3 attracted 481 proposals for 8031 orbits 
while COS had 173 proposals for 3037 orbits. As a result, WFC3 accounts for more than half of the 
final observing program. Overall, UV-specific observations (ACS/SBC, COS, STIS/MAMA) account for 
30–35% of the accepted proposals and 27–40% of the orbits in these two cycles. 

UV science in future cycles 

Science requiring UV observations is holding its own in the current time allocation process. However, 
the unique role played by Hubble at UV wavelengths, coupled with the finite instrument lifetimes, makes 
it imperative that the astronomical community be given full opportunity to exploit these capabilities in 
Hubble’s final years. Ultraviolet spectroscopic and imaging observations are a necessary component 
of a wide variety of scientific investigations. As a result, this goal cannot be addressed through com-
missioning one or two (or even a handful of) key projects. Instead, we propose an across-the-board 
initiative for the next observing cycle to emphasize the unique Hubble resource in the UV. Specifically, 
we will set allocation targets and guidelines for the panels and TAC as follows:

 • Each panel should aim to devote at least 40% of its orbit allocation to UV-specific science.

 • The TAC should aim to devote at least 50% of its orbit allocation to UV-specific science.

 • We will create a category of UV archival proposals, aimed at producing UV-specific high-level 
data products and tools for the Hubble archive, which will enable broader use of those datasets 
by the community. We will instruct the panels and TAC to give particular consideration to those 
proposals.

We should be clear that these allocations are targets, not quotas. UV-specific proposals recommended 
for acceptance must meet the usual requirement of high scientific quality set for all successful Hubble 
proposals. We know from experience that Hubble TAC members take their responsibilities seriously, and 
will take these instructions into account in their deliberations. We hope that highlighting this initiative 
will encourage the community to provide the Cycle 21 TAC with a broad range of strong proposals 
that utilize Hubble’s unique ultraviolet observing capabilities and archival datasets. Depending on the 
response in Cycle 21, we may consider extending this initiative to future cycles.

The On-Orbit Anomaly  
of the Cosmic Origins  
Spectrograph of April 2012 
Alessandra Aloisi, aloisi@stsci.edu, John Bacinski, bacinski@stsci.edu, Justin Ely, ely@stsci.edu, Cristina 
Oliveira, coliveir@stsci.edu, Steve Penton, penton@stsci.edu, Charles Proffitt, proffitt@stsci.edu, Dave 
Sahnow, sahnow@stsci.edu, Alan Welty, welty@stsci.edu, & Tom Wheeler, wheeler@stsci.edu

On April 30, 2012, observations with the Cosmic Origins Spectrograph (COS) onboard the Hubble 
Space Telescope were anomalously suspended when one of the two segments (segment A) of the 

COS far-ultraviolet (FUV) cross-delay line (XDL) microchannel plate detector experienced an excessively 
high count rate, which caused the autonomous count-rate protection procedures to safely lower the 
detector high voltage and suspend instrument activities.

The anomaly occurred during the execution of a routine observation of the COS FUV sensitivity-
monitoring program (visit 11 of Hubble Cycle 19 program 12715, PI: Osten). The exposure executing at the 
time, using G130M at the central wavelength of 1291 Å, was similar to others taken many times before.

Within hours of the anomaly, engineering and science data collected up to the suspend event were 
captured and transferred to the ground. COS was then transitioned to its standard safe mode, and 
science observations with Hubble’s other instruments continued as planned. 

In the following days, an examination of the data taken before and during the anomaly showed that 
the excessive counts were not due to unexpected light coming from an external source (i.e., from the 
target or any other source outside Hubble) nor to any unexpected change in the intensity of the calibra-
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tion lamp. It appeared instead to be the result of field emission within the detector segment, from an 
area that is not usually illuminated by external or internal light (see Figure 1). 

A time analysis of the science data was possible due to the fact that the observations were taken 
in TIMETAG mode, whereby the detector registers the X-Y location, the time, and the charge collected 
(pulse height) for each event. This analysis identified a transient event beginning 405.5 seconds after 
the start of the planned 416-sec exposure, which was approximately one second after the start of 
the final lamp flash. The transient event first affected both detector segments. Over the course of 
several seconds, field emission on segment A increased until it exceeded allowed bright-object limits 
(see Figure 2). The available data was inadequate, however, to determine whether the transient event 
seen at the start of the anomaly was due to an external source, such as the passage of a high-energy 
cosmic ray, or due to a malfunction within the COS FUV detector. Similar field emission had been seen 
in ground testing when contamination was present on the detector’s quantum efficiency (QE) grid, 
which produces the electric field that pushes photo-electrons back towards the micro-channel plates 
to enhance the detector response.

Figure 1: FUV observations taken during the COS anomaly of April 30, 2012 (G130M mode at the central 
wavelength of 1291 Å). The greenish stripes across the center of the two segments of the detector are portions 
of the spectrum of the target taken through the point-source aperture. Segment B shows shorter wavelengths 
and segment A shows longer. The dispersion direction is along the X axis, and cross-dispersion direction is along 
the Y axis. The light from the calibration lamp, which passes through the wavelength-calibration aperture, falls 
just above the target spectrum and manifests itself as small vertical stripes corresponding to the emission lines 
produced by the calibration lamp. The red dashed boxes on both segments of the detector show the areas of 
enhanced counts during the transient event. The excessive amount of counts on segment A is what triggered 
the COS instrument to suspend.

Figure 2: The same COS FUV 
observations taken during the COS 
anomaly of April 30, 2012. The 
data have been collapsed along the 
dispersion axis to show the behavior 
of the anomaly in the cross-dispersion 
direction as a function of time. Only data 
collected after 400 seconds of exposure 
are shown here. Segment A is at the 
bottom and segment B at the top (data 
from segment B have been offset in Y 
for display purposes). The two horizontal 
stripes around 500 and 13500 in the Y 
axis are the spectrum of the target on 
the two segments, while the two stripes 
above that start at ~404.5 seconds 
correspond to the spectrum of the 
wavelength calibration lamp in the last 
flash of the exposure. The plot indicates 
that the anomaly begins about 1 second 
after the start of the lamp flash and affects both segments, even if it is stronger in segment B. Segment B then quickly recovers, while segment A experiences a 
second event around 410.5 sec and then a third one around 412.3 sec that precipitates the situation.
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The Institute’s COS team, in collaboration with the COS Investigation Definition Team at University 
of Colorado led by Jim Green and the detector experts at University of California – Berkeley, worked 
hard to safely and quickly restore COS to full service. 

Because it was clear from the data that the anomaly affected only the COS FUV detector, the near-
ultraviolet (NUV) channel was recovered first, and external observations with the NUV were resumed 
on May 15, 2012.

Because the anomaly was not yet fully understood, a cautious approach was adopted for the recovery 
of the FUV channel. Starting on May 22, 2012, the micro-channel plate voltages were raised in a 
series of steps, with each step taken first with the QE grid off, and then again with the QE grid on. 
At each stage of the recovery, darks and lamp exposures were taken and inspected in detail prior to 
proceeding with the next step. The final steps of this recovery were completed on June 12, 2012, 
when the COS FUV XDL detector was tested using full micro-channel-plate voltages and with the QE 
grid voltage differential enabled. 

The detector behavior in all engineering telemetry and in all of the recovery exposures was consistent 
with the behavior of the detector before the anomaly, indicating that a transient event caused the 
anomaly, with no permanent damage to the COS FUV detector. The decision was taken to release the 
detector for science. 

The first external observation after the recovery was acquired on Thursday, June 14, 2012. It was a 
repeat of the sensitivity-monitoring observation that was underway at the time of the April 30 anomaly. 
This observation executed successfully, and a quick examination of the data showed that the COS FUV 
channel’s performance was consistent with expectations (see Figure 3). General Observer operations 
with this channel resumed on June 15, 2012.

Dark exposures taken over the last several months have found a region of slightly enhanced dark-
count rate on Segment A. This region corresponds roughly to the region of the excessive counts from 
the anomaly on April 30 (see Figure 4). Also, there appears to be a correlation between this dark-rate 
enhancement and the level of solar activity. This slight enhancement was also seen in darks taken during 
recovery, but only when the QE grid was on. There was no obvious correlation with the micro-channel 
plate voltage setting. This suggests that sufficiently high-energy charged particles passing through the 
detector can induce field emission from the QE grid. 

Because we do not yet understand what caused field emission to run away on April 30, it is difficult 
to judge the probability of a similar event recurring in the future. Nevertheless, it is now apparent that 
this event did not damage the detector. In case of another anomaly with similar signatures, it should be 
possible to recover the FUV detector more quickly and with less disruption to COS science.

Figure 3: Comparison of the observations taken with G130M at the central wavelength of 1291 Å in visits 11 and 12 of the Cycle 19 COS calibration program 
12715 to monitor the instrument FUV sensitivity. The good data of the exposure from visit 11, that was affected by the COS anomaly of April 30, 2012, are plotted 
in blue. The data from the corresponding exposure in visit 12, taken on June 14, 2012, are instead shown in green. As suggested by this comparison, the anomaly 
did not degrade the performance of the COS FUV detector.
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Figure 4: Top, blue dots: average dark rate as a function of time on segment A in the red-dashed region in Figure 1. Top, green dots: same in a control region of 
similar size. Light orange: trend of solar activity as indicated by the 10.7 cm radio flux. Dark orange: a smoothed version of solar activity. The vertical line of red 
dots indicates the time of the April 30, 2012, anomaly. Bottom panel: same as top panel, but giving the ratio of the average dark rate in the red-dashed region to 
that in the control region. It is clear that the increase of the average dark rate over the whole detector is due mostly to an increase of the dark rate in the bonus 
region associated with increasing solar-cycle activity.
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Figure 1: Plot of the STIS NUV-MAMA dark rate as a function of time. Blue points are measured dark rates in 
the period between September 2009 and July 2012. Significant scatter is seen due to a dependence of the 
dark rate on detector temperature, which can vary with time. When a temperature correction is applied (red 
points), the scatter is reduced. The overall behavior of the dark rate is an exponential decrease with time, and 
a discontinuity at Oct. 2009 when the detector was briefly turned off.

STIS Update
John Debes, debes@stsci.edu, Sean Lockwood, lockwood@stsci.edu, & Colin Cox, cox@stsci.edu,  
for the STIS team

The operations of the Space Telescope Imaging Spectrograph (STIS) have been remarkably stable, 
and the COS/STIS team has been focusing on improving calibration and monitoring the instrument 

in preparation for Cycle 20 observing.

Time and Temperature Dependence for the NUV-MAMA Dark Rates

In general, the dark rates of the STIS charge-coupled device (CCD) and far-ultraviolet (FUV) Multi-
Anode Microchannel Array (MAMA) continue previous trends. However, as described in ISR STIS 2011-
03 (Zheng, Proffitt, & Sanhow), the near-ultraviolet (NUV) MAMA dark rates were much higher than 
expected when the STIS was turned on after Servicing Mission 4. Now that three years of monitoring 
have been completed, we have revisited the analysis of the STIS NUV-MAMA dark rates. The rates 
have declined from their previous highs, but not in a consistent fashion. In the first 80 days of the 
measurements, the dark rate declined rapidly but displayed large fluctuations (see Figure 1). After this, 
the fluctuations were reduced and the rate of decline was less steep. Between October and November 
2011, STIS was switched off for a month, and another discontinuity was observed. Since then, the 
dark rate has steadily declined. 

We analyzed the dark rates separately in the three periods, particularly in checking the assumption 
that dark rates were exponentially dependent on detector temperature. As can be seen in Figure 2, the 
behavior of the dark rate with respect to temperature is better described by a quadratic function. The 
scatter of temperature-corrected dark rates for the NUV-MAMA is significantly lower after a temperature 
correction is applied. The time dependent behavior of the corrected dark rates is well characterized by 
a two-component exponential function (see red curve of Figure 1). The COS/STIS team will implement 
changes into CALSTIS that reflect this behavior. 

STIS CCD CTI Characterization

The harsh radiation environment of space continues to degrade the STIS CCD, particularly its ability 
to transfer charge. This degradation, called charge transfer inefficiency (CTI), is caused by the presence 
of electron “traps” created by radiation damage to the CCD detector. These traps impact the signal-to-
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Figure 2: Plot of NUV-MAMA residuals subtracted from the dark rates of a fiducial housing temperature for the 
detector. The residuals are well fitted with a quadratic dependence on temperature.

Figure 3: Plot of STIS-CCD warm 
pixel (WP) CTI trails as a function 
of distance from the WP for a 
selection of WP flux levels. Trails 
are formed from damage to the 
detector that traps electrons created 
by detected photons during readout. 
As the CCD is read out, trapped 
charge becomes released after a 
delay, causing spurious counts in 
rows downstream away from the 
readout amplifier. This behavior is 
qualitatively similar to what is seen 
in ACS and WFC3.

noise ratio, photometry, astrometry of fainter sources, and spectroscopy with the STIS CCD. ISR STIS 
2011-02 (Dixon) documents how spectroscopy of faint sources is severely degraded when the source 
is not placed near the detector amplifier (the E1 aperture position).

The STIS team is in the process of characterizing the charge-trapping behavior of the STIS CCD. 
We are investigating the CTI trails of warm pixels (WPs) in various dark exposures taken during routine 
calibrations. By measuring the amount of charge in the trails as functions of position with respect to 
the CCD amplifier and of number of electrons in the WP, we will create an empirical model of CTI to 
apply in a pixel-based correction scheme. 
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Figure 4: Plot of counts in the first pixel downstream of a WP (with a 
flux level of ~6.8 e–/s) as a function of CCD housing temperature, which 
is a proxy for the true detector temperature. Our preliminary estimates 
show changes of ~3.5%/degree, which suggest that WP trail behavior 
is only weakly dependent on the temperature fluctuations of STIS.

Figure 5: (left ) Uncorrected STIS dark image taken from the bottom of the STIS detector where CTI is worse. Trails from WPs and cosmic rays are clearly seen 
extending away from the amplifier. (right ) Same area of the detector with a pixel-based CTI correction implemented through the PIXCTECORR routine in PYRAF. Noise 
is marginally increased, but the majority of WP trails are corrected.

The planned analysis is similar to that conducted for the Wide 
Field Camera of the Advanced Camera for Surveys (ACS) and for the 
ultraviolet-visible detectors of the Wide Field Camera 3 (WFC3; see 
the CTE white paper at http://www.stsci.edu/hst/wfc3/ins_per-
formance/CTE/CTE_White_Paper.pdf). Depending on the results 
and user interest, in the future we may implement a pixel-based 
correction for CTI based on algorithms used in CALACS. 

Preliminary results are encouraging. The behavior of the WP trails 
is qualitatively similar to those seen for both ACS and WFC3, as 
shown in Figure 3—namely a 30–40 pixel long trail that contains an 
increasing fraction of flux as the WP flux decreases. One significant 
difference for STIS is a lack of temperature control for the detector, 
which could add a layer of complexity to a pixel-based correction. 
Since the failure of Side-1 electronics in 2001, a constant voltage 
has been applied to the CCD thermoelectric cooler. A temperature 
dependence is observed for STIS CCD dark rates and bias levels, 
but does not appear to significantly impact the behavior of WP trails 
(See Figure 4). This implies that sufficient characterization of STIS 
CTI could lead to a robust pixel-based correction. An example of 
a pixel-based CTI correction of a STIS CCD dark image using the 
PIXCTECORR routine (part of ACSTOOLS in PYRAF) is shown in Figure 5. 
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Mitigating  
Radiation-Induced Aging 
in the WFC3/UVIS Channel 
CCD Detectors
John W. MacKenty, mackenty@stsci.edu, & Jay Anderson, jayander@stsci.edu

The cumulative exposure to ionizing radiation in the space environment degrades the scientific 
performance of the CCD detectors onboard Hubble. After three-plus years in flight, the CCDs in 

the ultraviolet-optical (UVIS) channel of Wide Field Camera 3 (WFC3) are showing significant damage. 
The effect is easily seen in the charge trails behind hot pixels and cosmic rays. Nevertheless, recent 
advances in mitigation techniques promise to recover much of the CCD’s scientific performance, but 
they will require observers to make some changes in their observing and data-reduction strategies.

The CCD detectors on Hubble operate by converting incoming photons into electrons, collecting the 
electrons in each pixel during the science exposure, and then transferring those electrons across the 
detector array when the device is read out. The transfer process moves each pixel’s electrons down 
along the columns and then across in a transfer register to the amplifier located in the corner of the 
detector array. When the detectors were manufactured these transfers were extremely efficient, and 
for the longest transfer of 2051 shifts down the column for the WFC3/UVIS detectors, over 99% of 
the charge collected in a pixel would be successfully read out. 

In space, the flux of energetic particles continuously damages the silicon lattice of a CCD, creating 
both “hot” pixels and charge traps. The hot pixels represent sites of excess charge generation, which 
can be removed from observations by dithering (shifting the scene slightly on the detector between 
exposures). Fortunately, the large majority (>80%) of new hot pixels can be repaired by warming the 
CCDs to approximately room temperature (“annealing”). This step, which is repeated every four weeks, 
has proven successful in limiting the growth of the population of hot pixels, which now comprise only 
about 1% of all pixels. Furthermore, the Institute obtains daily dark calibration images, which, when 
combined to produce seven-day running average dark frames, provide fairly good identification of hot 
pixels. When these dark files become available—which is typically 1–2 weeks after observations are 
initially delivered—observers are encouraged to re-process datasets to flag and remove hot pixels.

Unfortunately, the damage from radiation exposure also results in the accumulation of charge traps. 
This effect appears to be cumulative and irreversible. Traps redistribute electrons from one pixel to 
another during the readout process, which results in obvious charge trails. After several years of 
exposure to the space environment, there are enough traps to make this a serious issue for observers. 

Charge traps degrade the efficiency with which charge is transferred from pixel to pixel during the 
readout of the CCD array. At the time of launch, the initial charge-transfer efficiency (CTE) of the WFC3 
CCDs was 0.999996. After three years, the CTE is about 0.9995 for charge packets with ~50 e–. This 
implies that our worst-case transfer across 2051 pixels would recover only about 36% of the initial 
charge collected in the pixel. In practice, things are not quite this bad. First, a significant fraction of the 
charge that fails to transfer from one pixel to the next is released within a couple of hundred milliseconds 
(a few pixel shifts). This is seen directly in the “charge trails” that follow hot pixels, cosmic rays, and 
bright stars. Hence, a measurement of the flux from a star within an aperture of several-pixels radius 
will capture a sizable fraction of the charge that was originally in that star. Second, the traps can hold 
only a finite number of electrons within a pixel. Thus, the presence of charge in the preceding charge 
packets—from the pixels in the column between the pixel of interest and the readout register—will fill 
some of those traps and make the transfer of charge significantly more efficient. While this improves 
the CTE, its value for each specific transfer, and thus the photometric calibration of every source in 
the image, depends upon both the morphology of the source and the distribution of electrons—from 
sources, cosmic rays, and hot pixels—in the detector column between the source and the transfer 
register. This poses an interesting calibration challenge!

The simplest mitigation of the imperfect CTE is to reduce the number of charge transfers required for 
a given source to reach the readout amplifier on the CCD. If the source of interest is of small angular 
extent, placing it close to the corner of the detector will result in greatly enhanced CTE for the source. 
Naturally, this will benefit only a small subset of the planned observations. An alternate approach is to 
plan observations that are directly corrected for the CTE losses. This approach is suitable when the 
field is sparsely populated and the sources of scientific interest are relatively bright. This calibration, 
for point sources, exists for both WFC3 and the Advanced Camera for Surveys (ACS; see Noeske et 
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al. WFC3 ISR 2012-09 at http://www.stsci.edu/hst/wfc3/documents/ISRs/WFC3-2012-09.pdf, 
Chiaberge et al. ACS ISR 2009-01 at http://www.stsci.edu/hst/acs/documents/isrs/isr0901.pdf).

Larger charge packets, from brighter stars, hotter pixels, or cosmic rays, experience some loss and 
trailing of charge during their readout. A small packet of charge in a zero-background image will lose a 
larger fraction or perhaps even all of its electrons in the transfer across the detector. If, however, such 
a small packet of charge is preceded by other small packets of charge, then the preceding packets 
may fill most of the traps. In this case, the packet of interest sees fewer empty traps, and more of its 
electrons will survive the transfer. Background levels of 10–15 e– in WFC3/UVIS (but unfortunately 
50–100 e– in ACS/WFC) are able to keep many traps filled. Figure 1 compares our initial pixel-based 
charge-transfer model for UVIS with that for ACS from Anderson & Bedin (2010). It shows that CTE 
is a strong function of the signal level in the pixels through which a packet must pass. Unfortunately, 
this is not a simple linear function.

In Figure 1, for observations with backgrounds levels below ~10 e–, we see that WFC3 suffers large 
losses for very faint sources. This is likely to be particularly problematic for narrow-band filters and 
observations in the UV, where the background is very low. In these cases, raising the background will 
greatly improve the CTE, and thus the signal-to-noise ratio (S/N) of these sources. WFC3 users planning 
to stack or co-add multiple images to reach very faint limits should plan to achieve a background level 
of ~12 e– in each individual exposure.

Figure 1: Improvement in CTE as a function of background level. Plotted is the chance that an extra electron 
on top of a given background will survive from row 2048 to the readout register at row 0. This is based on the 
Anderson & Bedin (2010) model for ACS, and a similar model constructed for UVIS.

The background can be increased in several ways: (1) longer exposure times, (2) the selection of a 
broader filter, or (3) the addition of internally generated photons (“post-flash”). While doing something 
that adds noise to an image may seem counter-productive from an S/N perspective, it will significantly 
increase the CTE for low-level sources when the background is otherwise very low. As a result, increasing 
the background can increase the signal much faster than it increases the noise. WFC3/UVIS post-flash 
is now a supported mode for Cycle 20. 

When the expected sky background (see WFC3 ISR 2012-12, “WFC3/UVIS Sky Backgrounds” by 
S. Baggett and J. Anderson) plus dark current (now typically about 7 e– per pixels per hour) produce 
less than ~12 e– per pixel, adding signal to all pixels using the WFC3 post-flash capability should 
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Figure 2: This shows a ×2-supersampled stack of a part of the Omega Cen field far from the readout amplifier. The left image shows the stack from 
the eight 700-sec exposures; the middle image shows the stack from the nine 10-sec exposures with no post-flash (natural background ~2 e– ); and 
the image on the right shows the stack from the nine 10-sec exposures with post-flash (total background ~16 e–). All images have been scaled and 
zero-pointed to be as similar as possible. The deep stack tells us that star A (identified in the left panel) should have 22 e– above sky in its central pixel 
in the short exposures; Star B should have 28 e–; star C should have 65 e–; and star D should have 13 e–. The stars A and D are completely lost to the 
non-flashed image, but can be clearly detected in the post-flashed image.

be considered. In the most extreme cases, we estimate that the impact on S/N calls for a doubling 
of exposure time. More typical cases require 25–50% more exposure time—or the acceptance of a 
reduced S/N as the price of actually detecting the fainter sources.

We observed the globular cluster Omega Centauri on 26 July 2012 for three orbits through the F336W 
filter to demonstrate the effect of varying the post-flash background. One set of data simulated a typical 
science observation: a ~9-point set of dithered exposures that would be stacked to identify faint sources. 
We took one dithered set of deep 700s exposures, and then a dithered set of short 10-sec exposures 
without post-flash (and essentially zero background) and another short set with 14 e– of post-flash. 

Figure 2 shows a region of the field near the top of the detector, about 2000 transfers from the readout 
register. The left panel shows the stack of the deep exposures, scaled to correspond to the exposure 
time of short exposures. These deep exposures suffer much less fractional CTE losses and tell us the 
“truth” (how many counts each star should receive in a 10-second exposure). It does not show any 
discernible CTE trails. The middle panel shows the stack of the low background (i.e., not post-flashed) 
short exposures. Here we see how many counts survived the parallel-transfer process as a function of 
(1) star flux, (2) sky background, and (3) number of transfers. This shows clear evidence of CTE trails 
and CTE dropouts (i.e., stars D and A cannot be seen in the middle image). The right panel shows 
the post-flashed stack. The trails are reduced considerably, and many stars lost in the non-flashed 
exposure are recovered in the pre-flashed exposure. This provides a clear, qualitative demonstration 
that the addition of a small amount of background can preserve faint sources.

Figure 3 shows more quantitatively the impact of post-flash on faint stars. While faint stars on low 
backgrounds can be completely trailed out of existence, even a small amount of background, be it 
natural or post-flash, can serve to keep the charge traps filled, so that signal from sources can survive 
the journey to the readout register with only minimal losses.

In addition to the stacks discussed above, we also took pairs of short-deep exposures at the same 
pointing. The short 10-sec exposures had backgrounds ranging 0–30 e–, and the deep 700-sec 
exposures had enough background and flux that the CTE losses were negligible. Since the short-deep 
images are essentially perfectly co-registered, we can scale down the deep exposures to estimate how 
many counts started out in a given aperture for a star in the short-exposure. We can then measure the 
flux in the short exposures to determine how many electrons actually survived to the readout register. 
Since the pointings are identical, we do not need to worry about PSF-fitting or aperture corrections: 
we can simply compare sky-subtracted aperture fluxes directly.

In Figure 4, we have identified stars from the deep exposures that would have roughly 100 e– within 
their central 3 × 3-pixel apertures in the short exposures. Using a series of short exposures with differ-
ent levels of post-flash, we examine the stars with the longest transfer distances (>1750 pixels), which 
should suffer the largest CTE losses. When the sky background is low, we detect only ~30 e– in the 
aperture (compared to the 100 e– we would expect). As the sky background increases, we detect more 
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and more until the background reaches about 12 e–. At this point, we detect 85 e– out of the original 
100 e–. It is worth noting that adding background beyond this does not improve transfer efficiency. 

Even with the background increased, all sources will still suffer some CTE losses and charge trailing. 
Thus it is necessary to provide photometric correction for all sources via some form of post-observation 
photometric calibration or image restoration. Over the past year, the ACS team has developed and 
implemented a post-observation correction algorithm based upon the Anderson and Bedin (2010) 
methodology. This empirical algorithm redistributes the counts in the image to undo the effects of 
the degraded CTE. While this algorithm does a good job of removing trails behind stars, cosmic rays, 
and hot pixels, it has one serious and fundamental limitation: it cannot restore the lost S/N in the 
image. This may be understood by thinking about a single hot pixel. Its charge with perfect CTE is all 
located within one pixel, and therefore its noise is the combination of its shot noise and the noise due 
to readout and background in that one pixel. If it loses some of its counts due to imperfect CTE, then 
there will be fewer electrons in the hot pixel itself, and more in the trailing pixels. In order to determine 
the original value of the hot pixel, the correction algorithm will determine how many counts the original 
hot pixel would have to have in order to be read-out as the observed number, based on the number of 
traps left full and empty by the preceding pixels. Since this is just a scaling-up of the observed value, 
the noise in the final reconstruction is related—not to the original signal level—but to the observed 
signal level. The above considerations notwithstanding, the reconstruction algorithm gives us our best 
understanding of the original image before the readout process. This algorithm is available in the ACS 
pipeline and standard calibrated products are now available both with and without this correction (see 
www.stsci.edu/hst/acs/performance/calacs_cte/calacs_cte.html for more details). The WFC3 
team is working to develop and support a similar capability during the coming year. 

Figure 3: We show the observed fluxes for three brightness levels of star for non-flashed (green) and post-flashed (blue) observations. On the left we show a star 
that the deep exposures indicate should have ~100 e– within a ~3 × 3-pixel aperture in an individual short exposure. Each point is a star at a particular location on 
the detector. We plot the recovered flux fraction as a function of the number of parallel transfers. The middle panels show stars with ~50 e–, and the right panels 
a star with ~25 e– in the aperture. The upper panels show the number of e– that remained within the aperture during the parallel-transfer journey to the readout 
register. The top panels show the results for the stacks made from non-flashed images, and the bottom panels show the results for the post-flashed images. It 
is clear that losses go from severe (70%) at the moderate S/N level to extreme (>90%) at the low S/N level for the non-flashed images. But even the lowest S/N 
sources in the post-flashed images retain ~85% of their electrons.
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It is worth emphasizing that these corrections work best when CTE losses are small. Indeed, there is 
no way to restore the flux of a faint source on a low background that has been trailed out of existence. 

In summary, data taken over the past summer clearly demonstrate the effectiveness of having ~12 
e– background in UVIS images. Because some images will have natural backgrounds, post-flash will only 
be needed to bring the total background up to 12 e–. Future observers with the WFC3/UVIS channel 
are strongly urged to consider their expected background levels and consider addition of post-flash to 
their observations to mitigate these aging effects in the detectors.

The authors want to acknowledge and thank Sylvia Baggett, John Biretta, Linda Smith, and Kai 
Noeske for their many contributions to this work. Additional information is available at http://www.
stsci.edu/hst/wfc3/ins_performance/CTE/.

Reference

Anderson, J. & Bedin, L. R. 2012, PASP 122, 1035

Figure 4: Each green point in this figure represents a star that started with ~100 e– in its central 3 × 3 pixels at the top of the chip (far from the readout register). 
These points come from several exposures that were taken with a wide range of post-flash backgrounds, from no-post-flash (2 e– natural background) to 25 e– 
post-flash (for a total of 27 e– background). The observed flux within the aperture is plotted as a function of sky background. It is clear that when the background 
is low, the detector records about 30% of the original ~100 e–; but when the background increases, the number of observed electrons increases as well. Once 
the background reaches 12 e–, however, the improvement plateaus with 85% of the original charge surviving the transfer all the way down the chip to the readout 
register. The solid points show averages and inter-quartile ranges for selected sky bins.
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Table 1: Observing Modes for the MIRI Instrument on Webb 
Mode Wavelength (microns) Pixel Size/Resolving 

Power Field of View

Imaging 5.0–28 0.11 arcsec 1.23 × 1.88 arcmin

Single Slit Spectroscopy 5.0–~14 λ/Δλ = ~100 at 7.5 microns 0.6 × 5.5 arcsec slit

IFU Spectroscopy 5.0–7.7 λ/Δλ = 3500 3.0 × 3.9 arcsec

7.7–11.9 λ/Δλ = 2800 3.5 × 4.4 arcsec

11.9–18.3 λ/Δλ = 2700 5.2 × 6.2 arcsec

18.3–28.8 λ/Δλ = 2200 6.2 × 7.7 arcsec

Coronagraphy 10.65 0.11 arcsec 24 × 24 arcsec

11.4 0.11 arcsec 24 × 24 arcsec

15.5 0.11 arcsec 24 × 24 arcsec

23 0.11 arcsec 30 × 30 arcsec

Table 2: Observing Modes for the NIRISS Instrument on Webb 
Mode Wavelength 

(microns)
Pixel Size/

Resolving Power Field of View

Imaging 0.9–5.0 0.065 arcsec 2.2 × 2.2 arcmin

Slitless Spectroscopy 1.0–2.5 λ/Δλ = 150 2.2 × 2.2 arcmin

0.6–2.5 λ/Δλ = 700 single object

Aperture Mask Interferometry 3.8–4.8 0.065 arcsec -----------------

Webb Update
Jason Kalirai, jkalirai@stsci.edu 

Webb’s Science Instruments Begin Integration and Testing

The summer of 2012 saw the Webb program achieve several major milestones. Among the highlights 
was the delivery of two of the four science instruments from international partners to NASA’s Goddard 

Space Flight Center (NASA/GSFC). The delivery of these instruments marks an important transition 
from the development phase to the integration and testing phase. In the next step, the instruments will 
be attached to the Integrated Science Instrument Module (ISIM) at NASA/GSFC.

On May 29, 2012, NASA took delivery of the Mid-Infrared Instrument (MIRI), which was developed 
by a consortium of European countries in partnership with the Jet Propulsion Laboratory (JPL). MIRI 
will provide astronomy’s first high-resolution view of the universe at mid-infrared wavelengths (5–28.8 
microns). The instrument includes an imager with a 1.23 × 1.88 arcmin field of view at 0.11 arcsec pixel 
scale, coronagraphic capability at four wavelengths, a low-resolution spectrometer, and an integral-field 
spectrograph. Following the delivery, MIRI was checked out at NASA/GSFC and successfully passed 
both functional and metrology tests.

The second science instrument to be delivered to NASA/GSFC is the NIRISS/FGS, and comes from 
the Canadian Space Agency. The Near-Infrared Imager and Slitless Spectrograph (NIRISS) supports four 
modes of observation at near-infrared wavelengths (1–5 microns). This includes high-resolution imaging 
in several wide-band filters, wide-field slitless spectroscopy at resolving power R ~ 150, single-object 
slitless spectroscopy at R ~ 700, and aperture-mask interferometry. The Fine Guidance Sensor (FGS) 
shares the same bench as NIRISS, but is functionally independent. FGS will provide mission-critical 
support for Webb’s attitude control system by locking onto guide stars. The camera can image two 
adjacent, 2.4 arcmin fields and read out a small detector subarray ~16 times per second. 
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Congratulations to everyone involved in the development of these instruments, including the European 
consortium and JPL for MIRI, and the Canadian Space Agency and ComDev for NIRISS/FGS!

Scientific Interaction with the Webb Team—DPS and AAS Meetings

Webb was represented at the Division of Planetary Science Annual Meeting in Reno on October 
14–19, 2012. In addition to our booth presence, we organized a special workshop titled “Planning 
your Solar System Observations with Webb.” This workshop took place from 9 a.m. to noon on Sunday 
October 14th, and covered topics such as moving target capabilities, bright observing modes, imaging 
and spectroscopic sensitivities for solar-system objects, and much more. Presentations and summary 
can be viewed at http://www.stsci.edu/jwst/science/solar-system.

The Webb team is looking forward to community engagement at several upcoming, large meetings 
and will have a strong presence at the winter AAS Long Beach meeting (January 6–10, 2013). Scientists 
will be on hand at the Institute booth, and will be available to answer questions about the observatory 
status and science potential. Additionally, this year’s meeting will feature a special Webb science session 
at 2 p.m. on Monday, January 7, 2013, called “Scientific Opportunities with the James Webb Space 
Telescope.” Six speakers will give 15-minute presentations, highlighting the unique science potential 
of Webb for a wide range of astrophysical problems:

 • Mark Dickinson (NOAO): JWST and deep field studies of galaxy evolution at high redshift;

 • Jessica Lu (IfA): The Galactic center seen through the precise, multiplexed eye of JWST;

 • Daniela Calzetti (UMass): Studies of nearby galaxies in the era of JWST;

 • Tommaso Treu (UCSB): Strong lensing, dark matter, and dark energy with the James Webb 
Space Telescope;

 • Margaret Meixner (STScI): The potential of JWST for studies of the Magellanic Clouds and 
beyond; and 

 • David Lafreniere (UMontreal): The science potential of JWST for exoplanet studies.

We will also organize a JWST Town Hall meeting at the AAS on Wednesday, January 9, 2013, at 
12:45 p.m. The Town Hall will include three short presentations by (1) Dr. Eric Smith (NASA HQ) on 
the status of Webb; (2) Dr. Randy Kimble (NASA/GSFC) on the Webb integration and test plan; and  
(3) Dr. Mike Brown (Caltech) on the promise of Webb for solar-system exploration (Dr. Brown was recently 
awarded the Kavli Prize in Astrophysics). All presentations from this year’s Webb science session and 
Town Hall meeting will be webcasted by the Institute.

Please come and visit us at the AAS!

Figure 1: MIRI being shipped. Credit: Nick Morrish/British Airways.
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Figure 4: NIRISS/FGS at NASA/GSFC. Credit: NASA Webb Telescope’s photostream.

Figure 2: MIRI at NASA/GSFC. Credit: NASA/Chris Gunn.

Figure 3: NIRISS/FGS being shipped. Credit: NASA/Chris Gunn.
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Figure 1: The distribution of SODRM 2012 targets on the sky in Galactic coordinates. Galactic targets are 
shown in light green, exoplanet host stars in dark green, nearby galaxies in red, and distant galaxies and 
cosmology targets in purple. The large number of solar system objects in the SODRM are not shown because 
their positions are not fixed.

The Webb Science  
Operations Design  
Reference Mission 2012
Jason Tumlinson, tumlinson@stsci.edu & Karl Gordon, kgordon@stsci.edu for the  
Webb Efficiency Working Group

The Webb teams from the Institute, Goddard Space Flight Center (GSFC), and the instrument devel-
opers recently completed a major exercise in simulating the scientific program of the observatory, 

called the Science Operations Design Reference Mission (SODRM 2012). This SODRM overhauls the 
2005 version, which was built around simpler instruments and based on earlier operational concepts. 
The new SODRM is designed to represent the range and depth of programs that Webb will carry out 
during normal science operations. Its main purpose is to provide a realistic test bed for the design 
and implementation of the Webb ground system at the Institute, and for simulations of the operating 
schedule for the observatory and its instruments. The SODRM 2012 programs do not represent actual 
allocations or reservations of observing time, because the real Webb Cycle 1 programs will consist of 
guaranteed-time observations and programs competitively chosen by the Webb Telescope Allocation 
Committee (TAC).

Since we wanted a realistic mix of observing programs driven by science, not programmatic or 
engineering concerns, we asked a broad cross-section of scientists from the Institute, GSFC, and the 
Webb instrument teams to contribute hypothetical but realistic observing programs focused on science 
of interest to them, using any or all of the instruments in any combination. This approach ensured 
balance across science areas. 

We asked each contributor to develop their observing program using the ASTRONOMER’S PROPOSAL TOOL 
(APT) software, which produced a uniform body of simulated programs to push through the Institute 
ground systems as it develops, exactly as if they were real programs. We collected 112 programs for 
a total of 849 days of time, spread over the whole sky, and ranging from objects in the solar system 
to the distant universe, as shown in Figure 1.

The results of this effort are already paying off in several ways. First, we have found that the 
science-driven SODRM program covers nearly every topic in astrophysics. The program includes the 
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Figure 2: The distribution of SODRM 2012 programs by science area. The SODRM includes many classic Webb 
science themes, but also novel science cases that have emerged since the conception of the mission.
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classic Webb science themes of star formation, galaxy evolution, first light, and planetary systems, 
and it adds new observations in rapidly developing fields, such as spectroscopy of molecular ices on 
dwarf planets, mineralogy of outer planet satellites, exoplanet transit and eclipse spectroscopy, 100-
fold multiplexed spectroscopy of dense fields of 10,000 stars, and follow-up of the afterglow of high-z 
gamma-ray bursts. While this breadth is not surprising for a flagship observatory designed as a major 
leap in capability, it is gratifying to see that Webb is enabling new types of science not even imagined 
when it was originally conceived. 

The SODRM naturally uses all the instruments over a reasonably balanced range of science, as 
shown in Figure 2.

Over the long term, we expect to use the SODRM extensively to improve the Webb ground and flight 
operational systems. The SODRM deliberately exercises all the instrument modes and invokes a wide 
range of special requirements for mosaics, orient specifications, and timing. Such requirements test 
the limits of our ability to plan, schedule, and execute observations with this complex facility. Since we 
asked our contributors to plan their observations in APT, we can directly compute the expected total 
exposure times, the time needed for associated instrument and observatory activities, and the total 
times required to carry out each program. 

In the near term, we will use the SODRM to identify the observational overheads—such as grating/
filter-wheel moves, detector readouts, and observatory housekeeping—with the greatest impact on 
observational efficiency. With this information, we can prioritize our work to minimize these overheads. 

The SODRM gives us a firm, quantitative basis for studying the inevitable operational tradeoffs and 
scheduling constraints that inevitably arise when managing a complex sequence of activities. 

We will apply lessons from the SODRM to inform the broader astronomical community of the optimal 
observing strategies for carrying out their science effectively and efficiently. 

The SODRM is a valuable suite of science-driven observing programs. We expect to use them to 
practice the Webb mission up to launch. In the future, as our system matures, we expect to return to 
improve the SODRM yet again, updating it with new science and operational information. For future 
revisions, we expect to solicit programs from a broad community outside the Webb project, which 
will ensure that all astronomy is represented and our system is tested as robustly as possible. More 
information about the SODRM will be made available as it develops at http://www.stsci.edu/jwst/
science/sodrm/.
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Bringing the Webb Mission 
to the Education Community
Bonnie Eisenhamer, bonnie@stsci.edu 

The launch date for NASA’s James Webb Space Telescope may be several years away, but students 
and educators across the U.S. are already exploring the challenges engineers face in designing, 

building, and testing the future infrared observatory. 
Students and educators are participating in the Webb STEM Innovation Project (SIP), an interdisciplin-

ary, standards-based program developed by the Institute’s Office of Public Outreach (OPO). STEM is an 
acronym for the fields of study in the categories of science, technology, engineering, and mathematics. 
The Webb SIP focuses on the engineering aspects and potential scientific discoveries of Webb, NASA’s 
next great observatory in the tradition of the Hubble and Spitzer space telescopes. 

The Webb SIP is underway as a pilot effort in two states, New York and California. OPO is working 
closely with each state’s education consultant, whose role is to recruit schools to participate.

OPO created the SIP to promote enthusiasm for space telescopes and to introduce the education 
community to Webb and its potential scientific discoveries. 

Students in participating schools use skills from multiple subject areas to research an aspect of 
Webb’s design or potential science. The students create models, illustrated essays, or technology-based 
projects to demonstrate what they have learned. 

By building standards-based educational activities around the observatory’s design and potential 
science, students work in cooperative teams—just as engineers and scientists do. They also participate 
in interdisciplinary, project-based learning activities, which reinforce STEM skills while addressing 
real-world challenges. 

In project-based learning, traditional classroom roles are modified. Teachers serve as facilitators, 
mentors, and coaches. Students are the “primary investigators,” presenters, trainers, and evaluators. 
Project-based learning experiences reinforce the design process, encourage curiosity and exploration, 
and help students develop critical thinking skills. These benefits are enhanced when technology is 
incorporated and used by students in a meaningful way. 

California students who participated in the SIP were first introduced to the project and the Webb mis-
sion through class presentations. Students further explored Webb through web-based research, content 
reading, and group discussions. The students then independently selected projects to demonstrate and 
reflect what they learned about Webb and its design. The free choices of students, to independently 
determining project design and process, are hallmarks of project-based learning.

Figure 1: A Mesa Linda Middle School 
student, remembering when he and 
his grandfather made ships-in-bottle 
together, designs a “Webb-in-a-bottle” 
project.
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Figure 2: Desert Trails Elementary School students make a Webb model out of 
recycled materials.

Fifth-grade students from Independent Elementary School in California (http://www.independent.
cv.k12.ca.us/ ), for example, explored Webb-related websites and worked in small groups, sharing data 
and questions with one another. They created hand-decorated, marbled paper to match their space 
theme and wrote letters about what they learned. “This was a fantastic way to integrate technology, 
writing, art, and science,” said Linda Block, the students’ teacher. “While many [of the students] have 
learned about astronomy and space science in the past, they had not learned how scientists get their 
data, nor carefully considered the question, “What else might we find?”

At Mesa Linda Middle School in California, students made a Webb cake and exoplanet cupcakes, wrote 
a Webb song, created a Webb board game, and developed a Webb multimedia trivia game. “Students 
became aware of objects in the universe they didn’t even know were there,” said the students’ teacher, 
Kim Nerkowski. “They were excited to learn about Webb beyond what we already know.”

Student projects will be showcased during special events at select venues in their states, thus allowing 
parents and community members to also benefit from the project.

In the future, to recruit additional schools and institutions to participate in the Webb SIP, OPO will 
take advantage of partnerships that were previously established during the implementation of the Hubble 
Early Release Observations Student Pilot Project and the “Visions of the Universe” traveling exhibit. 

For additional information about the Webb SIP project, please contact us directly, at bonnie@stsci.edu.
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Barbara A. Mikulski Archive 
for Space Telescopes
Anton Koekemoer (koekemoer@stsci.edu) for the MAST team

The Barbara A. Mikulski Archive for Space Telescopes (MAST) is NASA’s data repository for astronomy 
missions at ultraviolet, optical and infrared wavelengths. These include Hubble, GALEX, Kepler, 

XMM-OM and Swift-UVOT, future missions such as Webb, past missions (FUSE, IUE, EUVE and others), 
and all-sky surveys such as VLA-FIRST, GSC and DSS.

MAST supports the scientific research carried out by the astronomical community through facilitating 
access to its collections, offering expert user support and software for calibration and analysis, and 
providing value-added scientific data products. These include high-level science products (HLSPs) such 
as mosaics, catalogs, and spectra delivered to MAST by science teams, as well as enhanced products 
accessible via the Hubble Legacy Archive (HLA). As of September 1, 2012, the volume of MAST’s data 
holdings was approximately 200 terabytes (TB), with 1.2 TB having been ingested and 10.9 TB having 
been distributed during the month of August 2012.

The MAST Data Discovery Portal (beta version)

To enable fuller exploration of science-ready images, catalogs, and other datasets, MAST is developing 
a new web application, the Data Discovery Portal (Donaldson et al. 2012). This application provides the 
following features through a single web interface:

 • Access via a single query to MAST’s diverse collections of images, catalogs, spectroscopic data, 
and other high-level science products;

Figure 1: A sampling of some of the various interactive capabilities of the MAST Data Discovery Portal.
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 • Access to all Virtual Observatory (VO) data collections, including all other astronomical catalogs, 
images, and other products that are searchable via the VO;

 • Robust filtering mechanism for narrowing search results; and

 • Views and visualizations for interactive exploration:

¡¡ Preview images;

¡¡ Observation footprints and catalog objects plotted on a sky background; and

¡¡ Context-dependent links to supplemental information and tools.

We encourage all interested users to try out some science projects using the Data Discovery Portal at 
http://mast.stsci.edu/explore (which also contains a video tutorial on how to use it). This is an early 
release for demonstration purposes, and is currently under active development. In order to make this 
tool as useful as possible for the widest possible range of science, we would greatly appreciate feedback 
on its current capabilities and any new features that would be useful. If you are interested in helping to 
guide this project as a tester and/or with feature requests, please contact us at archive@stsci.edu.

Hubble Archive is now open at ESAC

The new Hubble archive center at the European Space Astronomy Centre (ESAC) is now operational, 
replacing the archives that were formerly available through the European Coordination Facility (ST-ECF). 
Shortly after ST-ECF’s end of operations, a decision was made to migrate the Hubble archive from its 
original location at the European Southern Observatory to the European Space Agency’s (ESA’s) ESAC, 
near Madrid, Spain. ESAC is the science operations and archive center for ESA’s space astronomy and 
planetary missions. Currently, the missions supported by ESAC include Infrared Space Observatory, 
Herschel, XMM, Integral, Planck, and Exosat. The new Hubble archive at ESAC can be accessed at 
http://hst.esac.esa.int/.

Hubble Legacy Archive

Data Release 6.1 (DR6.1) of the HLA is now available. This new release provides source lists for Wide 
Field Camera 3 (WFC3) data, consisting of 5201 DAOPHOT and 7019 SOURCE EXTRACTOR source lists 
from observations that have a release date up to November 30, 2011. The format is the same as the 
sources lists that had been previously produced for the Advanced Camera for Surveys (ACS), although 
the choice of parameters varies in some cases because of the differences between instruments. The 
computation of the total-light image has been modified slightly to account for the fact that the back-
ground of WFC3 images has not been suppressed. This also necessitated changes in the source-finding 
parameters used for both SOURCE EXTRACTOR and DAOPHOT. The parameters are consistently included 
in the catalog headers that can be retrieved in the usual way.

WFC3 source lists are generally deeper than those for ACS and Wide Field Planetary Camera 2 
(WFPC2) images of similar signal-to-noise ratio, but have not undergone the same amount of processing 
to reduce the impact of image imperfections. Users are cautioned that the procedures to obtain WFC3 
source lists are still undergoing improvements. The current version of the WFC3 source lists should be 
considered preliminary; an improved version is expected before the end of 2012. See the HLA page 
(http://hla.stsci.edu) for further details, where updates will be posted as they become available.

Hubble Source Catalog

We introduce a new initiative to develop a Hubble Source Catalog. The primary goal is to combine 
the tens of thousands of individual visit-based source lists in the HLA into a single master catalog. An 
early beta version that provides access to some aspects of the catalog is available at: http://archive.
stsci.edu/hst/hla_cat/. The catalog contains all members of the ACS/WFC and WFPC2 SOURCE 

EXTRACTOR source lists in the HLA version DR6, and describes which sources cross-match together. 
The cross-matching process involves adjusting the relative astrometry of overlapping images so as 
to minimize positional offsets between closely aligned sources in different images. After correction, 
the astrometric residuals of cross-matched sources are significantly reduced to typically less than 10 
milliarcseconds. Please keep in mind that this is a preliminary version of the catalog. We are currently 
undergoing a validation process which will improve the reliability and usability of the catalog in the 
future. For further details, please see Budavari and Lubow (2012).

We welcome comments and advice on this new initiative, and are currently soliciting “use cases” 
and potential members of the community who would be willing to act as consultants via small working 
groups. More details are provided in a short presentation that was given to the Space Telescope Users 
Committee (Whitmore 2012). Please send potential use cases, or expressions of interest, to Brad 
Whitmore (whitmore@stsci.edu).
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The Panchromatic Hubble Andromeda Treasury Program (PHAT: Dalcanton et 
al. 2012; http://archive.stsci.edu/prepds/phat) is covering the northeast quadrant 
of M31 and has recently released reduced mosaics and catalogs for the fifth “brick” of 
their survey (Brick 17), containing six filters observed with ACS and WFC3. Initial science 
results from this program indicate that the ring in the disk of M31 is not just a region 
of enhanced recent star formation, but instead is a dynamical structure containing a 
significant population of older stars.

The Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey 
(CANDELS: PI: S. Faber and H. Ferguson; see Grogin et al. 2011 and Koekemoer et al. 
2011; http://archive.stsci.edu/prepds/candels) has now released fully combined mosaics 
for all epochs in three completed fields (2 epochs of UDS, 15 epochs of GOODS-S, and 
2 epochs of COSMOS, as well as the first half of the AEGIS field). The GOODS-N field 
is currently being observed. The image shows a full-color mosaic of the most recently 
released COSMOS dataset. The survey so far has yielded science results on galaxies 
at redshift 8, rest-frame optical morphologies of galaxies at redshift 2, supernova rates 
beyond redshift 1.5, high redshift clusters, and active galactic nuclei.

The Cluster Lensing and Supernova survey with Hubble (CLASH: Postman et 
al. 2012; http://archive.stsci.edu/prepds/clash) has now released fully combined 
mosaics for 17 of its clusters, observing each one with up to 16 Hubble filters in ACS 
and WFC3. Results from the survey so far have included candidate objects at redshifts 
of 9 to 10, sub-kiloparsec-scale structure of lensed dwarf galaxies at redshift 6, and 
lensing constraints on the structural properties and mass profiles of clusters.

 • The ACS Galactic Globular Cluster Survey (Sarajedini et al. 
2007; http://archive.stsci.edu/prepds/acsggct) has released 
new images and catalogs. The team used the ACS/WFC instrument 
to obtain uniform imaging of 65 of the nearest globular clusters to 
provide an extensive homogeneous dataset for a broad range of 
scientific investigations. 

 • The Hubble Infrared Pure Parallel Imaging Extragalactic Survey 
(HIPPIES; Yan et al. 2011; http://archive.stsci.edu/prepds/hippies) 
has released new combined products from several new pointings. The 
team utilizes long-duration pure parallel visits (3 orbits) of Hubble at 
high Galactic latitude (|b|>20o) to obtain deep, multi-band images 
in WFC3 and ACS. It is unique in its large number of discrete fields 
along random sightlines, and thus is complementary to other surveys 
over contiguous fields but along limited sightlines. 

The CANDELS COSMOS field

Cluster Abell 383 
observed by CLASH

The PHAT survey of M31

A color composite image of parrallel field par0623-6439

Hubble press release image of M13

MAST High-Level Science Products

MAST provides direct access to a large number of HLSPs created and delivered by the astronomical community. 
These are fully processed (reduced, co-added, cosmic-ray cleaned) mosaics and spectra that are ready for scientific 
analysis. HLSPs also include files such as object catalogs, spectral atlases, and readme files describing a given 
set of data. The main HLSP page is available at http://archive.stsci.edu/hlsp/. In addition, a search capability 
is provided that enables all the HLSP holdings to be searched by target name, coordinates, and other keywords 
(http://archive.stsci.edu/hlsp/search.php/ ).

The three Multi-Cycle Treasury (MCT) programs have already archived nearly 1 TB of HLSP data, including a 
large number of new releases in recent months.

Several other teams have also contributed new science-ready high-level science products for retrieval through 
the archive in recent months, including the following:
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 • The Hubble Ultra Deep Field 2009 team (HUDF09; PI: G. Illingworth; Bouwens 
et al. 2010; http://archive.stsci.edu/prepds/hudf09) delivered science-ready 
images. The program used WFC3/IR as the prime instrument for 192 orbits 
to image the deep ACS fields that were obtained in the original Hubble Ultra 
Deep Field programs. 

 • The Planet Pipeline (PI: M. Mutchler; http://archive.stsci.edu/prepds/planet-
pipeline) prepared a special search interface optimizing for moving-target data 
taken with the WFPC2 camera.

 • The Galaxy Halos, Outer disks, Substructure, Thick disks and Star clusters 
Survey team (GHOSTS; PI: R. de Jong; see Radburn-Smith et al. 2011; http://
archive.stsci.edu/prepds/ghosts) has released new science-ready images 
and catalogs. The team has also provided a useful dynamic website to enhance 
scientific exploration. Clicking on the website image leads to a larger interactive 
version provided by the team. When the fields are clicked, comparison images are 
displayed for each filter and the combined image, as well as other types of data. 

 • The NICMOS Paschen-α Survery of the Galactic Center (Wang et al. 2010; 
http://archive.stsci.edu/prepds/hpsgc) has now released new images and 
source catalogs. 

 • A set of comprehensive catalogs of hot star candidates in the Milky Way (http://
archive.stsci.edu/prepds/bianchi_gr5xdr7) was released by L. Bianchi and 
her team. The catalogs were selected from GALEX imaging at far-UV (FUV; 
1344–1786 Å) and near-UV (NUV; 1771–2831 Å) wavelengths. Also included 
are catalogs cross-matching GALEX and SDSS DR7. 

 • A USNO-Kepler catalog (http://archive.stsci.edu/prepds/usno_kepler) was 
provided by K. Kinemuchi. This catalog contains every object in the USNO B1.0 
catalog found within the Kepler field of view (FOV).

Hubble Archive Pipeline Updates

Hubble ACS images that are affected by the degradation of charge-transfer 
efficiency (CTE) are now corrected automatically by a new algorithm (Anderson & 
Bedin 2010), which has been implemented in the Archive pipelines. The pipelines 
now produce two sets of data for each set of ACS observations. In addition to the 
standard data products (_CRJ, _FLT and _DRZ files), there are three new files 
(_CRC, _FLC and _DRC), corresponding to the CTE-corrected data products (see 
Figure 2). Both sets of products are delivered to the users by the archive. For more 
details, see the ACS team page on correcting CTE: http://www.stsci.edu/hst/
acs/performance/calacs_cte/calacs_cte.html/.

Hubble WFC3/IR images that are impacted by persistence are now processed 
through a special pipeline to correct this effect, using algorithms developed by the 
WFC3 team (Long, Wheeler & Bushouse 2011). Persistence on infrared arrays such 
as WFC3/IR is generally caused by bright sources that are observed during previous 
exposures, and is particularly noticeable when the sources are sufficiently bright 
to saturate the detector. The persistence signal then decays according to a model 
based on detector properties, which has been incorporated into prototype software 
to correct for this effect. All these corrected images are available from a MAST 
archival interface at http://archive.stsci.edu/prepds/persist.

Figure 2: ACS images impacted by CTE degradation, before 
and after correction using the new algorithm (top: before 
correction; bottom: after correction). All the flux that was 
spread out in CTE trails has now been correctly placed back 
into the original pixels.

A color-combined image 
of the F160W, F125W, 
and F105W data

An example image of 
Saturn from the Planet 
Pipeline, showing 
several of its moons

The NICMOS mosaic of the Galactic Center in the Paschen-α 
filter created using the HLA Interactive Display

The GHOSTS 
coverage of 
NOC 4244
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Spectral Classes: A MAST Tool for Selecting Stars by Spectral Type

MAST has constructed a tool that associates “best” spectral types in the literature with targets observed 
in MAST’s spectroscopic missions. Users can access this tool by clicking “Spectral Classifications” in 
the Tools tab at the top of the MAST home page or by navigating directly to http://archive.stsci.edu/
spec_class. The tool is an interface form called “Spectral Classes of Like Stars.” It allows queries 
for stars’ spectral types, luminosity classes, and as many as four of the many spectral peculiarities 
appropriate to the queried spectral type. Ranges in spectral type are also permitted. The retrieval page 
gives the precise spectral classification for a star matching the query, a bibliographic reference for the 
classification, and details on how the match was made from the input star name (or coordinates) to 
classification catalogs. In addition, MAST now offers a tool that retrieves spectral types from the latest 
version of the Catalogue of Stellar Spectral Classifications (Skiff 2012).

The spectral classes form comes with tips, field descriptions, and help pages that enable users to 
customize and expand the usefulness of queries with minimal effort. One particular use case is to ask 
for all spectra in the MAST database for a given spectral classification. Although this tool facilitates 
research on individual stars, perhaps its forte is for use in compiling lists of stars and spectra for use 
in spectral atlases, or as a source of what is still missing in our archives—and therefore as a reference 
source supporting proposals for new UV/optical observations.

Figure 3: This figure shows a typical query form, where a search has been carried out for all MAST spectral records of A5 IVm stars. Selecting the spectral type 
“A” populates the third and fourth stellar peculiarity fields. A list of unique star names can be obtained by clicking the option “Make Rows Distinct,” and requesting 
the target name as an output field.
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MAST Hubble Press Release Image Archive

MAST and the Institute’s Office of Public Outreach have collaborated to create a database of Hubble 
press release data. These images contain Astronomy Visualization Metatags including the World Coordinate 
System, enabling them to be used for a wide variety of purposes. This service provides easy access for:

 • Informal science exhibits and visualization

 • Online interactive applications

 • Mobile apps

 • Student research

 • Curriculum support 

The database includes observatory and science observation information, as well as links to related 
information and the original press release. Full-resolution tiff and jpeg format images containing metadata 
headers are all available through the special MAST Hubble Press Release Search Interface (http://
archive.stsci.edu/stpr/search.php).

MAST Introduces Access to Data from the Swift-UVOT

Swift is a multiwavelength NASA explorer mission, whose primary scientific objectives are to determine 
the origin of Gamma Ray Bursts (GRBs) and to pioneer their use as probes of the early universe. The 
observatory was launched in 2004 and carries three instruments: the gamma-ray Burst Alert Telescope 
(BAT), the X-ray Telescope (XRT), and the Ultraviolet/Optical Telescope (UVOT). When a GRB occurs, 
the BAT is the first instrument to detect it, and triggers a spacecraft slew to its location so that the 
afterglow can be followed up at X-ray energies and at UV/optical wavelengths using the other instruments.

The UVOT makes Swift a complete multi-wavelength observatory. It provides a relatively wide 17 × 
17 arcminute field of view, covering wavelengths from 170 to 650 nanometers, with a 2048 × 2048 
pixel detector yielding diffraction-limited imaging with a 30-cm Ritchey-Chretien reflector, which can 
reach 24th magnitude in a 17-minute exposure. It contains a range of UV and optical filters, including 
wide ultraviolet filters UVW1, UVW2, UVM2, as well as U, B, V and a full-band white light filter. It also 
contains a spectroscopic grism with a spectral resolution of R ~ 75 covering 280–520 nanometers.

The data from this telescope are being made available in MAST as part of our archival support of 
UV/optical data from NASA’s missions. There are also future plans for Swift to cover the Kepler field. 
To access the data, please visit the MAST Swift-UVOT data access page at http://archive.stsci.edu/
swiftuvot/.

Figure 4: Comparison of images of the central 12 × 12 arcminutes of M33 from the Swift-UVOT (left) and GALEX (right). The Swift image includes filters UVW2, 
UVM2 and UVW1 (170–300 nm, ~1000 s exposure in each filter), and is from a team led by Stefan Immler. The GALEX image from the Nearby Galaxy Survey 
includes FUV and NUV data (135–280 nm). The Swift image has significantly higher resolution and is deeper.
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Kepler Archive

The Kepler team has now provided light curves in a new format. An APERTURE extension, showing 
the pixels observed and the pixels used in the photometry, was added. Some existing columns were 
renamed, including those for the fluxes. The names now reflect the content of the columns. Quality 
information and centroiding information are given in additional columns. The Kepler Archive Manual  
(http://archive.stsci.edu/kepler/manuals/archive_manual.htm) contains a description of the new 
format light curves.

Co-trending Basis Vectors (CBV) are now available at http://archive.stsci.edu/kepler/cbv.html. 
These data products can be used to remove instrumental systematics from the Kepler light curves. 
There is one FITS file per quarter. See the Kepler Archive Manual for a description of the CBV file 
format, and the Data Release Notes 12 for more information on the CBV characteristics and how to 
use them. A software tool to fit and apply CBVs to Kepler light curves is available at http://keplergo.
arc.nasa.gov/ContributedSoftwareKepcotrend.shtml.

The pixel response function (PRF) is now available at MAST on the Focal Plan Characterization Model 
page, http://archive.stsci.edu/kepler/fpc.html. This is the first of the Focal Plane Characterization 
Model files. The PRF model comprises five images per channel. These images describe the PRF in 
the four corners and the center of the channel. Each PRF was determined by using 10 stars near the 
corners (or at the center) of the CCD. For computational simplicity, each PRF may be assumed to be 
located exactly at the active CCD corner (or center). This approximation has negligible impact on the 
interpolated PRF across the chip. See the Kepler Archive Manual for more information.

The Kepler spacecraft ephemeris, also known as a SPICE (Spacecraft, Planet, Instrument, C-matrix, 
Events) kernel, is being made available to users via anonymous ftp or via the browser at http://
archive.stsci.edu/pub/kepler/spice. Since the ephemeris is cumulative, only the most recent file 
is available. See the Kepler Ancillary Files page, http://archive.stsci.edu/kepler/ancillary.html for 
more information and links.

GALEX Archive

Seibert et al. (2012) have announced the creation of two GALEX source catalogs: the All Sky Survey 
Source Catalog (GASC) and the Medium Imaging Survey Source Catalog (GMSC). These are being 
delivered to MAST and will form the final and unique identifications for sources detected by GALEX. As 
the source identifications will (finally) be unique, they will become the official reference for cross-lists 
for objects of other missions. Sources are included in the GASC or GMSC depending on their exposure 
times (<800 sec and 800–10000 sec, respectively). The Catalogs will extend to near-UV magnitudes 
of 21st and 23rd magnitudes, respectively, and the numbers of identified sources are 40 million (GASC) 
and 22 million (GMSC). A supplement to these catalogs based on GALEX Release 7 products is currently 
planned. Updates on GALEX will continue to be posted at http://galex.stsci.edu.
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Three-Dimensional Data  
Visualization in SAOIMAgE 
DS9 Version 7
Tracy L. Beck, tbeck@stsci.edu, and William Joye, wjoye@cfa.harvard.edu

The Smithsonian Astrophysical Observatory released version 7 of the popular data-viewing tool 
SAOIMAGE DS9 in June 2012 (http://hea-www.harvard.edu/RD/ds9/site/Home.html). SAOIMAGE 

DS9 is a stand-alone application for imaging and data visualization. The new version supports 3-D 
viewing of astronomical data cubes, which will be of great interest to the astronomical community. 
These days, more and more data products, in widely ranging areas of science, are in the format of 
3-D data cubes. The information in such data cubes may be radio data, integral field spectroscopy, or 
a time series of multiple two-dimensional (2-D) images. Whatever the application, the need for new 
visualization tools for such complex datasets has never been greater, and the new version of SAOIMAGE 

DS9 is most welcome.
In previous versions of SAOIMAGE DS9, 3-D datacubes could be loaded into traditional 2-D image frames, 

and users could then step through successive third-dimension pixel slices of the data cube. New functionality 
in SAOImage DS9 v.7 allows users to work with the 3-D data regions in the 2-D display view. This permits 
simultaneous viewing of a collapsed 1-D spectrum through the data cube (see Figure 1). Users can interact 
with the 1-D spectra by zooming in and out on features in the plotting window.

To further visualize 3-D data in SAOIMAGE DS9 v.7, a new “FRAME 3D” module allows users to view 
data cubes in multiple dimensions by rotation in azimuth and elevation. The result is improved data 
interaction at different orientations (see 
Figure 2). FRAME 3D implements a simple 
ray-trace algorithm. For each pixel on the 
screen, a ray is projected back into the 
view volume, based on the current viewing 
parameters, and returns a data value if 
the ray intersects the data cube. The time 
it takes to render depends on the zoom 
factor and on how many rays are needed 
to project the data cube onto the screen 
in the view volume. FRAME 3D works on all 
hardware platforms currently supported by 
DS9, including 32-bit and 64-bit versions 
of Linux and MacOSX, and 32-bit versions 
of Windows and Solaris.

In the new 3-D frame of SAOIMAGE DS9, 
all of the previous 2-D graphics, regions, 
cross hairs, contours, and coordinate grids 
are available, and they are applied to the 
current slice as selected by the user. The 
user can also crop the data cube for all 
three axes to view just a sub-region of the 
data. Moreover, the option exists to create mpeg movies from 3-D astronomical data sets, either by 
stepping through the third dimension in a 2-D view, or by rotating the data cube in azimuth or elevation. 
The user may generate 3-D images in POSTSCRIPT, jpeg, tiff, and other printable formats, just as in the 
2-D case. Analysis macros for SAOIMAGE DS9 have been enhanced to fully support the new 3-D module, 
allowing the user to invoke external analysis tasks for the current view parameters and to return results 
back into SAOIMAGE DS9 in the form of text, plot, 2-D image, or 3-D image.

Funding for 3-D data visualization in SAOIMAGE DS9 was provided by the Webb mission office at 
the Institute.
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Figure 1: A 3-D data cube (right ) showing region of selected pixels (circle) from which the combined spectral 
flux is plotted in a spectrum (left ). The data presented is the continuum-subtracted 1.644 mm [Fe II] emission 
in the outflow from the active galaxy NGC 4151 (Storchi-Bergmann et al. 2009; 2010). 
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Figure 2: A view of a 3-D data cube, rotated by 45° in azimuth and 30° in elevation, demonstrating the new 
visualization capabilities in SAOIMAGE DS9. The data is a cropped view around the 1.644 mm [Fe II] emission in 
the outflow from the active galaxy, NGC 4151 (Storchi-Bergmann et al. 2009; 2010). The continuum flux from 
this active galactic nucleus is seen as the bright diagonal trace through the data cube, and the [Fe II] emission 
is highlighted by the contours in the slice view.

ASTRODRIzzlE:  
Image Combination,  
Astrometry Included
Andy Fruchter, fruchter@stsci.edu

If you have retrieved imaging data from the Hubble archive recently, you have probably seen a notice 
saying that a new program, ASTRODRIZZLE, has replaced MULTIDRIZZLE in the Hubble pipeline. ASTRODRIZZLE 

is the key program in a new package of programs designed to reduce dithered data. This package is 
called DRIZZLEPAC and replaces the older DITHER package, which contained MULTIDRIZZLE. For a number 
of years now, MULTIDRIZZLE has been the primary program used by the archive—as well as most Hubble 
users—to combine Hubble images. MULTIDRIZZLE has produced a great deal of important science and 
some wonderful images. However, its coding made it difficult to maintain, and its design left out an 
important consideration: the incorporation of the full astrometric solution into the input images themselves.

When you flat-field an image, for instance, the flat field is directly incorporated into the image. 
You do not need to maintain the flat-field image itself to interpret the calibrated image. This has not 
been true, however, when it comes to astrometry and Hubble images. Additional, large reference files 
have been required to accurately interpret the astrometry of the flat-fielded images (the .flt files). This 
problem has been solved. ASTRODRIZZLE uses polynomial coefficients in the image header and small 
FITS extensions with interpolatable look-up tables, to fully represent the distortions of the Advanced 
Camera for Surveys (ACS) and Wide Field Camera 3 (WFC3). As a result, a calibrated image needs 
no other files to describe its astrometry. The “Astro” in ASTRODRIZZLE, therefore, refers to astrometry.
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This change in design is far more powerful than it might seem at first. The presence of the full 
astrometric solution in the image means that users can fit the astrometry of one image to another 
image, or to an external catalog, without drizzling the image, as precise coordinate information can be 
extracted directly from the .flt image itself. And when an image is aligned to an astrometric catalog, its 
astrometry is fully updated to reflect that change. However, the user can store the original astrometric 
solution, as well as astrometric solutions corresponding to alignments to different catalogs, in the image 
and can swap these solutions into the primary header position at will. Finally, users can extract an 
astrometric solution from an aligned image and put it in a small FITS file we call a “headerlet.” Users 
can send these headerlets to collaborators or, in the near future, provide them back to the archive 
itself, so that others may take advantage of an astrometric solution without having to re-copy the much 
larger image file as well.

Users will be happy to hear that in spite of these changes to the astrometric header, the pixels of 
the images created by ASTRODRIZZLE generally agree with the ones produced by MULTIDRIZZLE to many 
significant digits. There may, however, be small differences in the position on the sky assigned to a pixel. 

MULTIDRIZZLE had a bug that introduced a small, variable error in the astrometry when images where 
drizzled off the default orientation of the image (i.e., the orientation of the camera when the image was 
taken). Thus if you checked the astrometric position of a pixel in the flt image and compared it with the 
position of the image with north drizzled up, for instance, the two positions might differ by of order 0.1 
arcseconds. Unfortunately, this problem was not caught until work was well along with ASTRODRIZZLE, so 
this bug has not been corrected in MULTIDRIZZLE. A few other bugs, including one that could introduce 
large errors in the astrometry of detector subarrays, have been corrected in the change to ASTRODRIZZLE.

ASTRODRIZZLE is generally faster than MULTIDRIZZLE, due to the use of parallelization in the code. 
Parallelization takes advantage of the fact that many users have laptops with four cores, and desktops today 
often have a dozen cores. MULTIDRIZZLE only used a single core at a time. While MULTIDRIZZLE ran efficiently 
in the Hubble archive because machines ran multiple requests at a single time, a typical user drizzles only 
one set of data at a time, with no parallel advantage. ASTRODRIZZLE, however, can use as many cores as 
there are input images, in nearly all of the steps of the program. At the moment, the primary exception to 
this is the final drizzling step in which multiple pixels from multiple images can affect the value in a single 
output pixel. Nevertheless, even this step will be fully parallelized in the near future. In the meantime, 
ASTRODRIZZLE already runs much faster than MULTIDRIZZLE in cases of only a few images and cores.

Figure 1: Your header on ASTRODRIZZLE. This figure shows a printout of the extensions of an ACS flat-fielded (_flt) 
image which is in ASTRODRIZZLE format. Extension 0 through 6 will be familiar to all ACS users. These are the 
primary image header and then two sets of images corresponding to the two chips, each with its own science 
image, error array, and data quality array. Extensions 7 through 12 are new. These contain interpolatable look-up 
tables that describe high-order distortions, which are difficult to capture in a polynomial. Extension 7 contains the 
distortions primarily due to the detector. In the case of ACS, this extension encodes differences in the widths of 
the physical chip columns. Extensions 8 through 12 contain distortions primarily due to the optics. The WCSVARR 
(World Coordinate System Variable Array) nomenclature arises from our use of a previous FITS standard to 
encode this information. Finally, extension 12 contains a binary table to catalogue the astrometric solutions in the 
headers. This was originally thought of as a table that was storing information on a corrected world coordinate 
system, and the name stuck, even though as it is now it can be a library of astrometric solutions. At present, 
WFC3 images do not use look-up tables; however, a set of look-up tables may be added in the future to better 
capture the effect of the lithographic errors in the placement of pixels on the ultraviolet–visible (UVIS) CCD chips.
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While ASTRODRIZZLE is the primary program in the DRIZZLEPAC, there are a number of other programs 
designed to help users align their data and create and manage headerlets. A few of the most useful 
programs are:

 • TWEAKREG: This program will find sources in a list of images, and then align those images to 
the image of your choice or to an external catalog that you provide. The alignment information 
is placed into the header, and the original alignment is stored as well, though no longer in the 
primary header position. 

 • TWEAKBACK: This program will transfer an alignment of a drizzled image back to the images that 
were combined in the drizzled image. This can be useful when some of the sources used for the 
alignment are faint, and therefore their positions in single _flt files are harder to determine, or 
where the individual _flt images have so many cosmics that alignment is difficult with TWEAKREG. 
(Though see the ASTRODRIZZLE examples at http://drizzlepac.stsci.edu/examples for other 
ways of handling cosmic rays.)

 • EXTRACT_headerlet: This program will take an astrometric solution (including all of the geometric 
distortion information) from a header and turn it into a small portable FITS file (headerlet). So, 
for instance, if you have aligned an image to the 2MASS or UCAC4 catalogs, you can easily 
pass that solution to collaborators—or soon to the entire user community through the archive.

 • APPLY_headerlet: This program takes the (small) headerlet file that your collaborator just sent 
you and applies it to your copy of the image. 

The full DRIZZLEPAC contains further routines for managing headerlets, and has capabilities not 
discussed here. We think that versatility and power of ASTRODRIZZLE will be well worth the small invest-
ment of time most users will need to transition from MULTIDRIZZLE. The inputs to the programs, and 
their basic look and feel are very similar, yet the capabilities offered by ASTRODRIZZLE are far greater, 
both to the individual user working on a single dataset, and potentially to the entire community, through 
the ability to share headerlets.

Further information on DRIZZLEPAC, ASTRODRIZZLE, and the other programs and features in this new 
suite of software can be found at http://drizzlepac.stsci.edu. There you will find a handbook, examples, 
and some tutorials. If you have any questions on the use of programs in DRIZZLEPAC don’t hesitate to 
contact help@stsci.edu.

The DRIZZLE code, which is at the core of MULTIDRIZZLE and ASTRODRIZZLE software, was originally 
developed by Richard Hook and Andrew Fruchter. It was subsequently implemented in the pipeline as 
MULTIDRIZZLE, in an effort led by Anton Koekemoer.

ASTRODRIZZLE, which is written primarily in C and PYTHON, replaces MULTIDRIZZLE in the Hubble pipeline. 
Software development was led by Andrew Fruchter and Warren Hack, with contributions from Erik Bray, 
Nadia Dencheva, Michael Droettboom, Richard Hook (ESO), Chris Sontag, and Megan Sosey. Under 
the leadership of the ACS and WFC3 team leads—Linda Smith and John MacKenty, respectively—the 
software was tested by Amber Armstrong, Roberto Avila, Howard Bushouse, Michael Dulude, Shireen 

Figure 2: The header of a drizzled image from the archive. The format of the final drizzled image has changed 
a bit in ASTRODRIZZLE. The first four extensions are largely similar to headers produced by MULTIDRIZZLE. The 
primary (zeroth order) header contains general exposure information, such as the target name, exposure time, and 
filter. The science image, weight image, and context image are identical in image contents with the MULTIDRIZZLE 

images, though their headers have been abbreviated. In the new format, all the header keywords that specifically 
describe one of the input images have been collected in the FITS table that makes up the final extension. This 
table gives a complete history of the headers of the input images used to create the drizzled image. The cost of 
this great gain in information is a bit of complexity. A FITS reader must be used to examine the contents of the 
HDRTAB (header table) extension. This approach to storing the input image history information is being adopted 
by the Hubble Legacy Archive.



  53  

Continued
page 54

Gonzaga, Ray Lucas, Jennifer Mack, Max Mutchler, Larry Petro, Norbert Pirzkal, Abhijith Rajan, and 
Leonardo Ubeda. We thank Sylvia Baggett, Matthew Bourque, Stefano Casertano, Matt Lallo, Janice 
Lee, Knox Long, Josh Sokol, and Brad Whitmore for valuable feedback on the software. Susan Rose 
and James Younger provided the technical expertise for publication of the handbook.

Figure 3: A multiple instrument image using ASTRODRIZZLE. This figure shows 
a combined image of the Antennae Galaxies (NGC 4038 and NGC 4039) from 
WFC3 UVIS and infrared channels, Wide Field Planetary Camera 2, and ACS. 
The individual datasets in the separate visits were cleaned of cosmic rays using 
ASTRODRIZZLE and then aligned to one of the F814W images using TWEAKREG. 
Headerlets were extracted from the aligned cleaned images and applied to 
the original flat-fielded (flt) images. These were then drizzled to a common 
reference frame again using ASTRODRIZZLE. More details on how this image 
was created can be found at http://www.stsci.edu/hst/HST_overview/
drizzlepac/resources/avila_aas_2012.pdf.

NASA’s Astronomy Science 
Centers: Implementing  
Portals to the Universe
I. Neill Reid, inr@stsci.edu, Lisa Storrie-Lombardi (Spitzer Science Center, lisa@ipac.caltech.edu),  
Belinda Wilkes (Chandra X-ray Center, belinda@head.cfa.harvard.edu)

Introduction

NASA’s Astronomy Science Centers were established to provide an interface between the space 
observatories and the broader astronomical community using those missions for research. Their 

origins can be traced to the 1976 report of the “Hornig committee,” which was charged by the National 
Research Council (NRC) of the National Academy of Sciences to consider the appropriate institutional 
framework for supporting a general-purpose optical space observatory, which became the Hubble 
Space Telescope. The report developed the case for a stand-alone, university-based institute to provide 
long-term guidance, support for the scientific effort, mechanisms for engaging astronomers worldwide, 
and ways and means of disseminating and utilizing the data generated by the observatory. 

Based on those recommendations, NASA issued a call for proposals for the new institute, and in 
1981 selected the Johns Hopkins University, partnering with the Association of Universities for Research 
in Astronomy (AURA), Inc., to host the Space Telescope Science Institute (STScI) on the university’s 
Homewood campus in Baltimore. 
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Four years later, in 1985, NASA established the Infrared Processing Astronomy Center (IPAC), under 
the auspices of Caltech/JPL, to conduct the extended mission of the Infrared Astronomical Satellite. 
IPAC subsequently acted as the focal point for space-based infrared astronomy. It developed the 
Infrared Science Archive Center to support the U.S. community’s involvement in the Infrared Space 
Observatory of the European Space Agency (ESA). In 1997, IPAC took on responsibility for the Spitzer 
Science Center. IPAC has since become the astronomy center for other infrared missions, including 
the Wide-Field Infrared Survey Explorer, Herschel, and Planck.

In 1991, NASA established what would become the Chandra X-ray Center at the Smithsonian 
Astrophysical Observatory, building on the infrastructure developed to support the community’s use 
of Einstein data and U.S. community’s use of data from ROentgen SATellite (ROSAT ), developed by 
Germany, United Kingdom, and the U.S.

STScI has been designated to be the science operations center for the Webb telescope. NASA has 
established further centers to support other missions, including Kepler (at IPAC) and Stratospheric 
Observatory for Infrared Astronomy (SOFIA) at NASA-Ames, Swift and Fermi at GSFC, and the NASA 
Exoplanet Science Institute at IPAC. 

Portals to the Universe

In 2006, NASA asked the NRC to undertake a study of NASA astronomy science centers. The study 
was chartered to conduct a comparative review of current science centers, identify best practices and 
lessons learned, and assess whether there are optimum sizes or approaches for science centers. The 
study focused on six science centers and two archival centers: the Chandra X-ray Center, the Michelson 
Science Center, the Rossi X-ray Timing Explorer guest observer facility, the Space Telescope Science 
Institute, the Spitzer Science Center, the X-ray Multimirror Mission-Newton guest observer facility, the 
High Energy Astrophysics Science Archive Research Center (HESEARC) at NASA Goddard Space Flight 
Center and the Infrared Processing and Analysis Center (IPAC) at California Institute of Technology. 

The results of the study were published in 2007 as the NRC report Portals to the Universe: The NASA 
Astronomy Science Centers (http://www.nap.edu/catalog.php?record_id=11909). The report’s executive 
summary includes three findings and makes three recommendations, as follows:

Findings:

 • The Chandra X-ray Center, the Space Telescope Science Institute, the High Energy Astrophysics 
Science Archive Research Center, and the Infrared Processing and Analysis Center have sufficient 
scientific and programmatic expertise to manage NASA’s current science center responsibilities 
after the active phases of all current and planned space-based astronomy missions have been 
completed.

 • The ability of the Chandra X-ray Center, the Space Telescope Science Institute, the High Energy 
Astrophysics Science Archive Research Center, and the Infrared Processing and Analysis Center 
to provide the appropriate level of support to the scientific community depends critically on 
the extent to which they can attract, retain, and effectively deploy individuals with the mix of 
research and engineering skills necessary to maintain continuity of service.

 • Embedding GOFs (Guest Observer Facilities) in existing science centers, such as the HEASARC, 
provides for efficient user support, especially when the scope of a space mission does not 
require establishing a separate center.

Recommendations:

1. NASA should establish a large, new center only when the following criteria are met: (1) the 
existing centers lack the capacity to support a major new scientific initiative and (2) there is an 
imminent need to develop a new infrastructure to support a broad base of users.

2. NASA should adopt a set of best practices as guiding principles to ensure the effectiveness of 
existing flagship and archival NASA astronomy science centers and to select the operational 
functions of any future centers.

3. NASA should ensure that NASA astronomy science centers cooperate among themselves and 
with other agencies to develop strategies and plans for

¡¡ Developing common protocols and formats for proposal entry;

¡¡  Developing a universal infrastructure for data formats and metadata, archiving, and 
retrieval and analysis tools; and

¡¡ Providing curriculum materials and professional development programs for K–12 teachers.
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Implementing Portals to the Universe 

In late 2011, the NASA Astrophysics Division asked STScI to help coordinate a workshop to review 
the implementation of the recommendations from the Portals to the Universe report. The aim was to 
provide a forum to better understand the processes currently used by various astrophysics science 
centers, and to identify best practices. The agenda covered a wide range of topics, including the 
proposal process, community interactions, user support, operational processes, and archival support. 

The workshop was held at STScI on April 25, 2012, with 38 participants from missions and science 
centers, including Chandra, Fermi, Herschel, Hubble, Webb, Kepler, NExSci, Spitzer, SOFIA, and Swift. 
All the participating institutions operate guest observer programs, which allocate observing time by 
peer review of proposals solicited from the astronomical community. The workshop agenda included 
summaries of the current status of each mission, and discussions of experiences that should prove 
useful for planning and executing future missions. 

Each NASA mission has unique characteristics that place particular requirements on the associated 
science center. Nevertheless, the workshop found broad consensus on certain best practices, which 
participants felt all NASA astronomy science centers should adopt. As examples, there was clear 
agreement that:

 • The primary goal of a NASA science operations center is maximizing the scientific return of a 
mission for the user community.

 • Research scientists are an essential component of an astronomy center throughout every phase 
of a mission, from development through testing, to operations and closeout. Science input is 
crucial at all levels during design, development, and operations. The research staff has a vested 
interest in pushing the envelope to maximize the scientific capabilities of any mission, which 
increases the science return and productivity for the community as a whole. 

 • Missions should be thought through from inception to closeout. Some missions can be expected 
to undergo transitions in operational capabilities or modes during their expected lifetimes, and 
those transitions should be planned well in advance, to prepare both the community and the 
science-center staff.

 • Joint planning for international missions needs to start as early as possible. This enables partners 
to play full roles in integrating all mission processes.

 • Flight operations and the science center should be co-located or sufficiently nearby to promote 
frequent in-person communications between the flight and science operations teams, to ensure 
efficient and cost-effective scheduling.

 • All observing time should be allocated through well-defined, verifiable processes. Peer review 
should be used wherever possible. 

 • Time allocation processes should have clear procedures for identifying and dealing with conflicts 
of interest, both on the part of members of the review panel, and on the part of the astronomy 
center staff members responsible for conducting the review. Dealing with the latter is particularly 
important at small astronomy centers, where research staff members may be precluded from 
using the missions that they support unless suitable mechanisms are put in place.

 • Community funding is an important tool for enhancing the scientific productivity of missions.

 • Mission operation concepts and instruments should be developed together, rather than consecu-
tively or independently. Missions should work together to share tools and expertise, although 
every mission will have some unique characteristics.

 • Missions should implement an initial core set of observing modes that cover the basic science, 
and provide observers with tools that allow them to share in the workload of planning programs.

 • User support systems need to be in place 2–3 years before launch, with the appropriate 
documentation, and need to evolve and innovate as the mission evolves. Similarly, appropriate 
mechanisms for training and interacting with the user community need to be in place well 
before launch. Centers should take advantage of modern media resources in communicating 
with the user community.

 • Archives are an integral part of the mission and should be included in planning from the outset. 
Users should be provided with tools for reproducing processed datasets from low-level data. 
Higher-level data products have the highest scientific impact, and missions should provide 
support to the community for their production.
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Summary

The workshop demonstrated that there are many areas where missions have converged on similar 
methods of addressing a range of issues. At the same time, each mission has developed unique means 
of tackling its particular challenges. NASA missions and astronomy centers have collaborated and shared 
experiences extensively in past years, primarily in a bilateral fashion. Maintaining good communications 
is important to ensure that individual missions can profit from the broader experience. Future multi-
mission workshops, perhaps at ~2 year intervals, can supplement ongoing activities and provide further 
opportunities for broad information exchange and cross-fertilization among NASA’s active missions.

The workshop charter, all presentations, and the final report are available at http://www.stsci.
edu/~inr/portals.html. 

Discovering the First  
galaxies with a New Kind of 
gravitational-lens Telescope
Ann Zabludoff, azabludoff@as.arizona.edu 

Overview

Observing the most distant galaxies, which are also the earliest galaxies, is key to understanding 
how the first stars and galaxies formed. Yet detecting these ultra-faint sources is extremely challenging. 
Attempts to do so require large allocations of telescope time. Some efforts employ gravitational lensing, 
in which a foreground massive cluster of galaxies magnifies the light of distant galaxies behind it. Lensing 
can brighten a background galaxy into detectability, and recent successes include Hubble’s spectacular 
detection of a redshift z = 10.7 source (the CLASH project; Postman et al. 2012, Coe et al. 2012). 
Large magnifications also reduce the area of the distant sky that is observed, however, which lowers the 
chance of any background galaxy being lensed. To progress further, we must imagine a different kind of 
gravitational lens, where mass is optimally distributed in space to produce significant magnification over the 
largest possible area. My collaborators—Ken Wong, Mark Ammons, Decker French, Curtis McCully, Chuck 
Keeton, and David Hogg—and I are developing a new theoretical formalism and an extensive observational 
program to identify those directions in the sky most likely to produce detections of distant, faint galaxies. 

The Most Powerful Telescopes

The best gravitational telescopes are lines-of-sight, or “beams,” whose integrated mass is large and 
ideally distributed to produce the highest étendue, or the greatest possible area in the source plane 
with significant magnification. Multiple cluster-scale lenses in a given beam can boost the lensing 
cross-section by up to about three times relative to the single-cluster lenses commonly used to detect 
the most distant galaxies (Wong et al. 2012a). This improvement arises from interactions among the 
lensing potentials, and it can translate into an order-of-magnitude increase over blank-field surveys in 
the number of intrinsically faint, z ~ 10 galaxy detections, depending on the (very uncertain) faint-end 
slope of the galaxy luminosity function at high z. It is precisely these special lines of sight that could 
provide real constraints on the faint-end slope and the properties of the earliest galaxies.

Finding the Beams 

The initial task is to identify such high-étendue beams in the real universe. Our analysis of the 
large-volume Millennium and Millennium XXL (MXXL) cosmological simulations (French et al. 2012, in 
prep.) indicates that selecting beams with the largest integrated mass over 0.1 ≲ z ≲ 0.8 also selects 
those with the highest étendue. To find beams with the largest integrated mass, we employ the most 
biased tracers of dense structures: the so-called luminous red galaxies (LRGs; Padmanabhan et al. 
2007) in the Sloan Digital Sky Survey. We have now identified 200 beams with the highest integrated 
luminosity of LRGs (Wong et al. 2012b). Our galaxy spectroscopy with 6.5-meter telescopes in the 
first several beams confirms that LRGs are sensitive tracers of mass; the LRG-selected beams often 
contain multiple rich structures and have total integrated masses of up to two to three times those of 
known strong-lensing clusters (Ammons et al., in prep.). 
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Modeling the Beams

Our ability to determine the intrinsic luminosity function of lensed galaxies depends critically on 
the quality of the magnification maps, which are used to convert measured magnitudes into absolute 
magnitudes. We model the spectroscopically derived mass in beams using an updated version of the 
formalism in Wong et al. (2012a) and generate preliminary 2-D magnification maps in these unique 
fields (Figure 1). These maps have higher étendue than well-known lensing clusters. Even the critical 
curves that mark the highest magnification region are clearly longer. Thus, our beam sample is likely to 
include the most powerful gravitational-lens telescopes ever found. They offer new chances not only for 
detecting intrinsically faint (sub-L*) z ≳ 7 sources with narrow-band searches for Lyman-α emitters or 
drop-out surveys for Lyman-break galaxies, but also for follow-up spectroscopic confirmation. In fact, 
archival, serendipitous images from the Subaru 8.2-meter telescope reveal new lensed arcs in several 
of our beams, including a rare, multiply-imaged, sub-L* galaxy at z ≈ 4.95. This result confirms not 
only the power of these beams, but also of our mass-modeling technique, which predicts critical curves 
where they should be, right on the multiply-lensed images. 

The Plan

Now that we have confirmed that our beam selection works and that the preliminary mass modeling 
is valid, we are conducting a comprehensive observational and theoretical program to enable highly 
efficient ground- and space-based follow-up surveys for lensed sources at z ≳ 7. Our current magnifica-
tion maps (e.g., Figure 1) are derived from the projected mass along the beam obtained solely from the 
galaxy redshifts, positions, and properties. These maps are thus independent of the complementary 
constraints provided by the positions and orientations of multiply lensed images. 

Continued
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Figure 1: 2-D magnification map of our first well-sampled beam, assuming a source redshift of z = 2.5 (Ammons et 
al., in prep.). The field is 300 × 300 arcsec2, and the color bar scales logarithmically with magnification µ. There 
are three group and cluster halos projected in this field, and all affect the magnification map. For comparison, the 
inset shows a Hubble image of one of the most massive (~1.5 × 1015 M⊙ )  known lensing clusters, MACS1206-
0847, on the same spatial scale. Its z = 2.5 critical curves (white; Zitrin et al. 2012) are smaller than those of 
our beam. As for z ~ 10, it is possible to constrain the luminosity function 1.5–2 magnitudes deeper with our 
beam than with the Hubble blank field survey of Bouwens et al. (2011), which detected a single J-dropout. A 
similar program with our beam would produce about six sources, including four at previously unprobed absolute 
magnitudes (M1600,AB > –18).
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Review of “A Curious Mind” 
Dava Sobel, dava@davasobel.com 

The voice of “A Curious Mind” speaks softly in the noisy blogosphere, seeking connections between 
science and art. The “Mind” ponders, for example, Jan Vermeer’s depiction of “The Astronomer” 

alone in his study, consulting sources rendered in such rich detail that the celestial globe can be traced 
to a specific maker and the open textbook identified by a diagram on the page. Such musings reflect 
the dual interests of the “curious” blogger—astrophysicist and author Mario Livio, who has nurtured 
a lifelong love of art while pursuing his lifelong career as a scientist.

Livio launched his new blog some months ago on the Institute web site (https://blogs.stsci.edu/
livio/ ). He was encouraged, he said, by the enthusiasm his colleagues expressed for the idea. His 
first post, on April 23, offered a defense of research in astronomy. This might seem an unnecessary 
case to make on Hubble turf, but Livio was already reaching beyond the Institute to a wider-desired 
audience of non-scientists.

The advantage of our spectroscopy-based methodology is that we know where the mass lies in 
redshift and thus how the multiple lensing planes could affect the magnification of background sources. 
The disadvantage is that we can only estimate the properties of each massive lens—concentration, 
orientation, ellipticity, and centroid—quantities that strong-lensing analyses constrain better, at least 
at the positions of any lensed arcs. The large number of multiply-imaged sources at z ~ 1–3 that we 
expect in our beams will ultimately reduce the errors in the magnification maps for z ≳ 7 sources by 
allowing us to iterate between the spectroscopically derived map and the lensing constraints imposed 
by the multiple images. Our priority now is to combine the spectroscopic and lensing approaches to 
modeling the magnification.

Given the multiple-plane lensing effects described above, we have begun to consider statistical and 
systematic errors that have been generally ignored. The line-of-sight structures that we have been 
exploiting occur even in beams dominated by a single, massive cluster lens. Our analysis of beams 
containing one cluster-scale halo in the Millennium and MXXL simulations reveals that other halos in 
the beam can increase the lensing cross-section by up to 40% (French et al., in prep.). Nevertheless, 
these effects are rarely considered in calculating magnification, and the resulting errors in the proper-
ties of lensed high-z sources are overlooked. Our beams are not fundamentally harder to model than 
classical lensing cluster fields, but rather the complexity introduced by projected structures must be 
considered by all studies.

The Payoff

Ultimately, these extreme gravitational-lens telescopes will place constraints on the properties of the 
first galaxies, including the role of their ultraviolet light in re-ionizing the universe’s neutral hydrogen. 
The legacy of these beams may also include discovery of very faint (MAB ~ –14 in the rest-frame 
UV), intermediate redshift (z ~ 1–3) galaxies in the first stages of star formation, as well as improved 
detection of lensed gamma-ray sources and supernovae at cosmological distances. These beams are 
natural telescopes, which—when coupled with man-made telescopes like Hubble or James Webb Space 
Telescope—will provide access to distant, faint, and high-spatial-resolution regimes that are simply 
impossible to probe by other means.

Ann Zabludoff is currently a Herschel Visitor at the Institute.
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“Just as I’d love every educated person to experience at least one Shakespearean play,” he told me, 
“I want everyone to feel what general relativity is all about—the idea behind the equations, and how 
it informs our place in the universe.”

To bolster the goals of the blog, Livio simultaneously opened a Facebook page and a Twitter account. 
The triple effort ate up much of his time at the outset—“The Twitter was the most exhausting part”—but 
four months’ experience has quickened his pace and won him a following.

“I try to Tweet things that are at some level meaningful,” he said, as though to apologize for the time 
invested. On August 28, the morning we spoke, he had appealed to math buffs by Tweeting the fact 
that 28 is a perfect number (the sum of its divisors). 

The blog allows him more room for expressing bigger thoughts, but brevity remains an important 
constraint there, too. When a theme for a post overflows what Livio considers an ideal word-count, he 
abandons it. Fortunately, he is still writing books that can sustain a full-length rumination. His latest, 
Brilliant Blunders, due out next spring, explores how specific blunders committed by Lord Kelvin, Charles 
Darwin, Linus Pauling, Sir Fred Hoyle, and Albert Einstein led to those thinkers’ later breakthroughs. 

New blog posts, which tend to appear on Tuesdays, naturally invite comments. A sample of posted 
responses suggests that Livio is not only educating a broad public, but also engaging a thoughtful elite.

The juxtaposition of fine art and space imagery—comparing and contrasting Joan Miró’s “The Birth 
of the World,” say, with a portion of the Hubble Deep Field—enables Livio to portray science as an 
aspect of culture.

“It is said that scientists strive to explain the universe and artists try to feel it. But these two things 
are not contradictory. They’re complementary. That’s why I try to put them together in the blog.” 

Readers of this Newsletter hardly need to be reminded of the low level of science literacy that 
prevails in America today, or the poor grasp most people have for the process of science. Livio’s great 
contribution is to approach this gulf without rancor, but rather a genuine sense of sharing, spread 
across a variety of media. 

“You may wonder what a picture of a practicing astronomer of today might look like,” he suggests 
toward the end of his post about Vermeer’s seventeenth-century astronomer. “First, it would most 
likely be a photo taken with a smartphone! Second, it would probably show a person sitting in front of 
a computer screen. The tools of the trade and the nature of the problems may have changed, but the 
contemplation and the striving for understanding remain the same.”

Science writer Dava Sobel is the author of Longitude, Galileo’s Daughter, The Planets, and, most 
recently, A More Perfect Heaven: How Copernicus Revolutionized the Cosmos.

30 Doradus: The Starburst 
Next Door
D. Lennon (SOC Chair), lennon@stsci.edu, S. Hanna (Workshop Coordinator), L. Smith, E. Sabbi, A. Wof-
ford, B. Whitmore, S. de Mink, N. Walborn, K. Gordon

Figure 1: Participants of the “30 Doradus: The Starburst Next Door” workshop.
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Figure 2: Images of the Tarantula Nebula as seen in a) X-rays (Chandra), b) the ultra-violet (GALEX ), c) optical 
(Hubble) and d) the infrared (Spitzer-IRAC).

The 30 Doradus or Tarantula Nebula region of the Large Magellanic Cloud is synonymous with many 
superlatives in astronomy, hosting as it does:

 • the most massive young resolved cluster, R136;

 • the most massive stars yet discovered;

 • the fastest rotating O-type stars; and

 • the most massive runaway star.

Its unique accessibility to detailed study—covering the electromagnetic spectrum from X-ray, ultraviolet, 
optical, infrared, and through radio—is reflected in the many detailed surveys of this region obtained 
with facilities such as Hubble, Chandra, Spitzer, Very Large Telecope (VLT)-Flames, and Visible and 
Infrared Survey Telescope for Astronomy (VISTA). While it is certainly a challenge to understand this 
wealth of information for such a complex region, it is worth addressing, since 30 Doradus may have 
much to teach us about more distant, unresolved starbursts and super star clusters. 

On September 17–19, 2012, a group of around 50 astronomers—with interests ranging from stars 
to starbursts—gathered at the Institute to review the latest findings on 30 Doradus. The two-and-a-
half-day mini-workshop was entitled “30 Doradus: The Starburst Next Door.”

The workshop kicked off with a presentation by Hans Zinnecker, who summarized why 30 Doradus 
has fascinated so many scientists through the years, and he outlined some of the open questions that 
the workshop would address. As the workshop progressed, it covered recent observational results from 
large surveys using Chandra (X-ray: Leisa Townsley), the European Southern Observatory’s VLT (optical 
spectroscopy: Chris Evans), Hubble (optical imaging: Elena Sabbi), Spitzer (infrared: Nolan Walborn), 
and including the first results from Atacama Large Millimeter/submillimeter Array (mm regime: Rémy 
Indebetouw). Also in the mix were theoretical contributions focusing on topics ranging from massive 
star formation (Jonathan Tan), through stellar evolution (Selma de Mink), to the effect of winds and 
supernovae on environment (Julian Pittard). The big picture topics included discussions of 30 Dor’s total 
ionizing flux (Paul Crowther) and feedback (Laura Lopez), the initial mass function (Daniela Calzetti), 
comparison of 30 Dor to more distant giant HII regions and super star clusters (You-Hua Chu). Jay 
Gallagher closed the workshop with a presentation discussing the question of whether or not 30 Doradus 
really is a giant among local star-forming complexes, before segueing into a final discussion session, 
which reviewed the workshop highlights.

All the presentations were recorded and are available from the Institute webcasting archive at https://
webcast.stsci.edu/webcast/searchresults.xhtml?searchtype=20&eventid=174&sortmode=2 
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Figure 3: This composite image of the Tarantula Nebula was constructed by combining Chandra, GALEX, Hubble, 
and Spitzer images (courtesy: Zolt Levay).

Figure 4: The brightest Spitzer/SAGE young stellar objects 
(YSOs) in 30 Doradus (yellow designations; 5.8 microns in red 
channel, 3.6 microns in green, VISTA/VMC J in blue); some 
luminous Wolf-Rayet stars of the nitrogen sequence are also 
identified (white designations). The YSOs are mostly located 
at the interfaces between the expanding cavity generated by 
R136 (blue cluster below center) and the surrounding remnant 
molecular clouds; their formation has likely been triggered 
by the feedback from R136. However, some YSOs appear to 
be associated with certain WN stars and may be the result 
of local triggering. The very luminous infrared source S1 at 
upper right is a separate, massive, star-formation event (see 
next figure). Greenish stars are late-type supergiants, including 
one just to the upper left (northeast) of R136 and several in the 
older cluster Hodge 301 at the right center (western) edge of 
the field (Nolan Walborn, Rodolfo Barbá, and Marta Sewilo).
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Figure 5: The remarkable compact, multiple, massive, star-formation system S1, here designated the Skull 
Nebula, as seen in the WFC3 F775 image (with color added from ground-based images in other bands). 
Supernova (SN) explosions from another previous WN star to the northeast, where there is a large X-ray cavity, 
and/or from Hodge 301 to the southwest, which has produced at least 20 SNe, may have triggered this event 
(Danny Lennon, Elena Sabbi, & Nolan Walborn).

Figure 6: This mosaic of images picks out just some of the highlights from the workshop presentations to give 
a flavor of the range of topics that were discussed.



  63  

Continued
page 64

Black Holes Caught  
in the Act
Suvi Gezari, suvi@astro.umd.edu

Supermassive black holes (SMBHs) are a ubiquitous presence in galaxy nuclei. We see dynamical 
evidence for SMBHs in the centers of nearby galaxies, where telescopes like Hubble can resolve 

the stars and gas moving at high speeds under the influence of the central black hole’s gravitational 
forces. We see energetic evidence for SMBHs in distant quasars, which emit copious amounts of 
radiation (and sometimes jets) as gas accretes onto the central black hole. Remarkably, the masses 
of SMBHs measured from dynamics in nearby galaxies have a tight correlation with the masses of 
their host galaxies, indicating a link between their formation and growth. The fact that the majority of 
SMBHs in the universe lurk hidden, starved of fuel, and at distances that are too far to measure their 
dynamical influence, hinders probing the co-evolution of galaxies and SMBHs.

There is, however, the chance to catch a dormant 
black hole “light up” when it feeds on an unlucky star 
that wanders close enough for tidal gravitational forces 
to tear it apart. The burst of radiation from the accretion 
of the stellar debris is expected to be luminous and peak 
at ultraviolet (UV) and X-ray wavelengths, with a feeding 
rate that reaches a maximum a month after the disruption 
and declines with a power-law over several years. The 
time delay between the time of disruption and the peak 
of the flare scales with the mass of the black hole, as 
well as the mass and radius of the star disrupted. Thus, 
in principle, a flare from the tidal disruption of a star can 
be used as a means to weigh the mass of a central black 
hole. A tidal disruption event (TDE) is not only a probe of 
the demography of dormant SMBHs in distant galaxies, 
but observations of the events can be used as a “cosmic 
laboratory” to study accretion physics, the real-time 
formation of an accretion disk, and, in some cases, the 
launching of a jet. Unfortunately, such an event is rare 
in a galaxy, and depends on the density and orbits of 
stars in a galaxy’s center. Dynamical studies predict 
that a star will pass close enough to be disrupted by 
a central black hole only once every 1,000 to 100,000 
years. Thus, in order to catch one black hole in the act, 
one must survey hundreds of thousands of galaxies in 
the UV and X-ray wavelengths.

The ROSAT satellite’s All-Sky Survey detected the 
first candidate TDEs at soft X-ray wavelengths (Komossa 
2002). However, the best-studied candidates have 
emerged from searching for events at longer wavelengths, 
in the UV and optical. The Galaxy Evolution Explorer 
(GALEX ) satellite is an ultraviolet telescope launched as 
a NASA Small Explorer Mission in 2003. The Mikulski 
Archive at Space Telescope (MAST) hosts nine years of 
GALEX observations taken during the baseline mission. 
In this archive are multiple epochs of far-UV and near-
UV observations over hundreds of square degrees. By 
analyzing archival GALEX Deep Imaging Survey (DIS) 
observations, Gezari et al. (2006, 2008, 2009) discovered 
three luminous UV flares from the nuclei of otherwise 
normal galaxies. Flares from the tidal disruption of a 
single star by an otherwise dormant SMBH provide the 
best explanation for the combination of the archival UV light curves and the multiwavelength properties 
from target-of-opportunity observations. 

Motivated by the serendipitous discovery of TDEs in GALEX DIS, the GALEX Science Team initiated 
a dedicated time-domain survey to monitor 40 square degrees of sky in the UV with a cadence of 

Figure 1: These images, taken with NASA’s Galaxy Evolution Explorer (GALEX ) and the Pan-
STARRS1 telescope in Hawaii, show a brightening inside a galaxy caused by a flare from its 
nucleus. The arrow in each image points to the galaxy. The flare is a signature of the galaxy’s 
central black hole shredding a star that wandered too close to it.

 • The top-left image, taken by GALEX in 2009, shows the galaxy’s location before 
the flare. The galaxy is not visible in this ultraviolet-light exposure. In the top-right 
image, taken by GALEX on June 23, 2010, the galaxy has become 350 times 
brighter in ultraviolet light.

 • The bottom-left image, taken by Pan-STARRS1, shows the galaxy (the bright dot in 
the center) in 2009 before the flare’s appearance. The bottom-right image, taken by 
Pan-STARRS1 from June to August 2010, shows the flare from the galaxy nucleus. 
Note how the light from the flare is much bluer (hotter) than the host galaxy light.
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two days, in coordination with the Pan-STARRS1 Medium Deep Survey (PS1 MDS) in the optical. This 
resulted in the discovery of the spectacular UV and optical transient PS1-10jh (see Figure 1) reported 
in Nature by Gezari et al. (2012). The amplitude of variability of the flare—modulation by a factor of 
greater than 350 in the UV—is extreme compared to those observed from variable active galactic nuclei 
(AGNs), which typically are factors of a few. Furthermore, follow-up Chandra X-ray observations did 
not detect the flare, indicating that the event was a factor greater than 20 times fainter in the X-rays 
than expected for an AGN. The flare’s optical light curve, measured from simultaneous monitoring by 
PS1 MDS, follows the rise and decline expected for the feeding rate of gas from a tidally disrupted star 
onto a black hole of several million solar masses. Interestingly, follow-up spectroscopy of the transient 
with the MMT telescope indicated that the gas the black hole swallowed was predominantly helium, 
indicating that the star disrupted must have been the helium-rich core of a star previously stripped of 
its hydrogen envelope. The unprecedented detail of the observations, ranging from the optical to X-rays, 
enabled one to identify both the victim (the star disrupted) and the perpetrator (the central black hole). 

The Large Synoptic Survey Telescope, representing the next generation of optical synoptic surveys, 
is expected to discover thousands of TDEs because of its increased sky area (20,000 square degrees) 
and depth. These large samples will be critical for constraining the rate of TDEs as a function of galaxy 
type, as well as looking for more exotic events (such as TDEs) around intermediate-mass black holes 
and very massive spinning black holes. The MAST archive will continue to be important for classifica-
tion of new transients that appear in the sky, since their histories of variability in the UV can be used 
to identify previous AGN activity that would make a TDE interpretation less likely. Furthermore, the UV 
time domain provides new insight into a range of exciting phenomena, from flickering distant quasars 
to flaring M-dwarf stars in our own Galaxy. 
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Figure 2: This computer-simulated image shows gas from a tidally shredded star falling into a black hole. 
Some of the gas also is being ejected at high speeds into space. Astronomers observed a flare in ultraviolet 
and optical light from the gas falling into the black hole and glowing helium from the star’s helium-rich gas 
expelled from the system.



Figure 1: This image is a composite of separate exposures taken by Hubble and the European Southern Observatory’s 2.2-m ground-based 
observatory. At its center is 30 Doradus #016, a bright blue-white star apparently flung from its place of origin by neighboring massive 
stars. The star and its neighbors are located within the Large Magellanic Cloud, a small satellite galaxy to the Milky Way.
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This edition of the Institute Newsletter continues to reprint science articles from NASA’s annual 
Hubble 2010: Science Year in Review; Kevin Hartnett (GSFC), editor, Ann Jenkins (STScI), writer. We 
are pleased to continue this series with “Ejected Stars.”

Ejected Stars
Dr. Chris Evans, chris.evans@stfc.ac.uk, Dr. Oleg Y. Gnedin, ognedin@umich.edu, and Dr. Warren R. 
Brown, wbrown@cfa.harvard.edu

Because of the ever-present pull of gravity, interactions between objects in the universe are 
commonplace and often dynamic. Finding stars that have been flung completely away from 
their original galactic neighborhoods, however, is not. Astronomers using Hubble recently 

examined two such stars. The first, a massive star named 30 Doradus #016, is moving from a nearby 
stellar nursery at more than 250,000 miles per hour—fast enough to make a round trip from Earth 
to the Moon in merely two hours. The second, HE 0437–5439, is traveling even faster, approximately 
1.6 million miles per hour. Both stars were ejected from their original stellar environs, but under very 
different circumstances.
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Figure 2: This image of the 30 Doradus Nebula, a stellar nursery, and the enlarged inset photo show a heavyweight star that was apparently ejected 
from its home cluster, R136, by a pair of even heavier stars. In the inset Hubble image at right, an arrow points to the ejected star and a dashed arrow 
to its direction of motion. In the wider view of 30 Doradus taken by the European Southern Observatory’s (ESO) Wide Field Imager at the 2.2-meter 
telescope in Chile, the ejected star is centered within a white box that indicates Hubble’s field of view. (Photo Credit: NASA; ESA; C. Evans, UK 
Astronomy Technology Centre; N. Walborn, STScI; and ESO.)

30 Doradus #016

30 Doradus #016 is an extremely massive star that appears to have been gravitationally thrown from 
its stellar nursery by a group of even heavier stars. This blue-hot star is ninety times more massive 
than the Sun, making it a rare object in its own right. Stars with masses greater than eight times that 
of the Sun comprise less than one percent of those known. 

Data from Hubble’s Cosmic Origins Spectrograph (COS), along with that from two other observatories, 
suggest that the star may have traveled about 375 light-years from its suspected birth place, a giant 
star cluster known as R136. Though this speed is not the fastest measured, it is unusual to find a 
star that has traveled so far from its point of origin in such a short period of time. R136 is nestled in 
the core of a larger region called 30 Doradus, also known as the Tarantula Nebula, an active stellar 
breeding ground roughly 170,000 light-years from Earth in the Large Magellanic Cloud. R136 contains 
several stars topping 100 solar masses each.

Chris Evans of the UK Astronomy Technology Centre in Edinburgh led the research team that studied 
30 Doradus #016 in 2010. The team had been especially interested in the star since 2006, when 
Evans’ former supervisor, Ian Howarth, viewed it with the Anglo-Australian Telescope at Siding Spring 
Observatory in Australia. The observation revealed that 30 Doradus #016 was an exceptionally hot and 
massive blue-white star located relatively far away from any cluster in which such stars are typically found.

Additional observations by the European Southern Observatory’s Very Large Telescope (VLT) at the 
Paranal Observatory in Chile revealed the star to have a peculiar but constant velocity. This implied to 
the team that its motion was likely the result of an interaction with another star, but also confirmed the 
unusual direction of motion of the star relative to its surroundings—evidence that it was a “runaway” 
(ejected) star. The VLT observations also verified that the light from 30 Doradus #016 was from a single 
massive star rather than the combined light of two exceedingly close, lower-mass stars. Additionally, the 
observation established that 30 Doradus #016 is about ten times hotter than the Sun, a temperature 
that is consistent with a very high-mass object.

Star Cluster
R136

“Runaway”
Star

hst wfpc2ESo 2.2m WFI
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Figure 3: This sequence illustrates how 30 Doradus #016 was likely ejected from its stellar nursery. Panel 1: 30 Doradus #016 (denoted by the letter A) is one 
of two massive stars in orbit about one another within the star cluster R136. Panel 2: A third even more massive star (C) intrudes into the system. Panel 3: Star 
A, the least massive of the three stars, picks up momentum and is flung from the system as C and A interact. C is slowed down and falls into a new orbit with B.

Hubble astronomers unexpectedly received further helpful data on the star when they used 30 
Doradus #016 as a target to calibrate COS following its installation by astronauts in May 2009 during 
Servicing Mission 4. Ultraviolet-band spectroscopic observations made in July 2009 showed that the 
star is unleashing charged particles in one of the most powerful stellar winds known, a clear sign to 
researchers that it is extremely massive. 30 Doradus #016 must also therefore be very young—about 
1 million to 2 million years old—because extremely massive stars only live a few million years.

The team found another important piece of evidence linking the star to cluster R136 by sifting through 
Hubble’s archived data. An optical-wavelength image of the star taken by the Wide Field Planetary 
Camera 2 in 1995 revealed that the star is imbedded in one end of an egg-shaped cavity. The cavity’s 
glowing edges stretch behind the star and point in the direction of R136.

Runaway stars can occur in two ways: Either a star may encounter one or two heavier stars in a 
massive, dense cluster (like R136) and be ejected through a transfer of momentum, or a star may be 
ejected by the force of a supernova explosion from a companion star in a binary system. Given the 
young age of the star cluster, it is generally accepted that none of the stars in R136 have yet exploded 
as supernovas. This implies that 30 Doradus #016 must have been ejected through dynamic interaction 
with other cluster stars.

These results are of great interest to astronomers because such dynamic processes in dense, mas-
sive clusters have been predicted theoretically for some time, but this is the first time the process has 
actually been observed to occur in such a region. Less massive ejected stars from the much smaller 
Orion Nebula Cluster were first found more than half a century ago, but similar predictions applying to 
the most massive young clusters had not been observationally confirmed.

Only a very massive star would have the gravitational energy to eject an object weighing 90 solar 
masses. The observations of 30 Doradus #016 provide strong circumstantial evidence for stars as 
massive as 150 times our Sun’s mass residing in the R136 cluster.

Ejected star 30 Doradus #016 is now on the outskirts of the 30 Doradus Nebula. It is expected to 
streak across space and eventually end its life in a supernova explosion, likely leaving behind a remnant 
black hole. It may not be the only ejected star in the region: two other extremely hot, massive stars 
have been seen beyond the edges of 30 Doradus. Astronomers suspect that these stars, too, may have 
been expelled from their stellar neighborhoods and plan to investigate them. 

HE 0437–5439

A second ejected star, HE 0437–5439, is one of the fastest moving ever detected. This hyperveloc-
ity star is moving through space at a rate of 1.6 million miles per hour—three times faster than the 
Sun’s orbital velocity in the Milky Way. A team of scientists led by Michigan astronomer Oleg Gnedin 
conducted the Hubble observation and subsequent analysis of the star’s data. Astrophysicist Warren 
Brown was the lead author of the team’s findings. Most of the approximately 16 hypervelocity stars 
known in our galaxy are thought to have originated from the galaxy’s central region. Their study was 
the first to confirm this theory as HE 0437–5439’s direction of motion on the sky points directly away 
from the center of the Milky Way.

Astronomers used the Advanced Camera for Surveys to make two separate observations of the 
star 3½ years apart. A technique was developed to measure the star’s position relative to each of 11 
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Figure 5: This illustration shows one possible mechanism for how the star HE 0437–5439 acquired enough 
energy to be ejected from the Milky Way galaxy.

Figure 4: The center of this Hubble image shows the hypervelocity star HE 0437–5439, which is believed to 
have been ejected from the Milky Way by the supermassive black hole at the galaxy’s center. Because of their 
immense distances, the background galaxies seen here appear motionless in images of the star separated over 
the period of 3½ years. Therefore, the galaxies’ positions formed a reference frame to determine the foreground 
star’s speed and direction.
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distant background galaxies. These formed a reference frame to reveal how far the star had moved. 
From these measurements, the star’s velocity could be determined.

HE 0437–5439 is now in the Milky Way’s distant outskirts—high above the galaxy’s disk and about 
200,000 light-years from the center. (For comparison, the diameter of the Milky Way’s disk is approxi-
mately 100,000 light-years). Using Hubble data, the team determined that the star is traveling at twice 
the velocity needed to escape the galaxy’s gravitational field altogether. Under normal circumstances, 
a star would simply not travel at this speed—but HE 0437–5439 exhibited a second mystery—the 
star’s lifespan appeared incongruously long.

Based on the speed and position of HE 0437–5439, the star would have to be 100 million years 
old to have journeyed from the Milky Way’s core. Yet its mass, nine times that of the Sun, and its blue 
color both indicate that it should have burned out after only 20 million years—far shorter than the time 
necessary to reach its current location.

Figure 6: HE 0437–5439’s location, indicated by the small circle, is close to the Large Magellanic Cloud (LMC), a small, neighboring galaxy 
only 65,000 light-years away from it. New observations from Hubble demonstrate the star originated from the Milky Way and not the LMC. 
(Photo Credit: A. Fujii.)
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The most likely explanation for the star’s blue color and extreme speed is that it was part of a trio 
of stars thrown from the vicinity of the galaxy’s core through gravitational interaction with the Milky 
Way’s central, supermassive black hole. The concept for such ejections was first proposed in 1988. 
Calculations showed that the Milky Way’s black hole should eject a star about once every 100,000 years. 

Astronomers believe that a triple-star system was traveling through the central region of the Milky Way 
galaxy. The trio contained a pair of closely orbiting stars and a third, outer member also gravitationally 
tied to the group. This triple system came in close proximity to the galaxy’s central black hole, which 
pulled the outer star away from the tight binary system. The outer star’s momentum was transferred 
to the binary system, boosting these two stars to escape from the galaxy. 

As the pair was thrust away, they aged according to standard stellar evolutionary models. The more 
massive companion evolved more quickly, puffing up to become a red giant. It enveloped its partner, 
and the two stars spiraled together, merging into one superstar that reignited its nuclear process to 
produce the massive blue star that Hubble observed. 

The team is now trying to determine the origins of four other massive stars, all located on the fringes 
of the Milky Way. These stars are not as massive as HE 0437–5439, and their lifetimes are consistent 
with expected flight times from the galactic center. Studying these stars could provide more clues about 
the nature of some of the universe’s unseen mass, the rate of stellar ejections from the galaxy’s core, 
and galaxy formation in general.

Update: 

The search for stars ejected from 30 Dor is continuing as part of an ongoing project with Hubble, led 
by Dr. Daniel Lennon of STScI.
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Hubble Constant: Building a Better Distance Ladder 

A. Riess, riess@stsci.edu 

To measure distances across the vastness of space, astronomers often build distance “ladders” 

using nearer and more common objects to determine the distance to objects that are more rare 

and distant.  At 100 megaparsecs and beyond, the ladder can be used to measure the Hubble 

constant (H0) which quantifies the expansion rate of the universe.  A precision approaching 1% 

for H0 would be invaluable to help address important cosmic mysteries, such as the history of 

cosmic expansion, the nature of dark energy, and the general curvature of space. High precision 

in H0 is also needed to mount a cosmological challenge to the Standard Model of basic physics 

through derived constraints on cosmic neutrinos, and to frame the grand inventory of the cosmic 

objects gathered by Hubble Space Telescope and James Webb Space Telescope, which will 

extend back in time to the era of reionization.  

The accompanying figure illustrates improving precision and accuracy of the measurement of 

H0.   

The top two science objectives listed in NASA’s 1977 Announcement of Opportunity (AO) for 

the Hubble Space Telescope were “Precise determination of distances to galaxies out to 

expansion velocities ~10
4 

km s
-l
 and calibration of distance criteria applicable at cosmologically 

significant distances,” and “Determination of the rate of the deceleration of the Hubble 

expansion of the universe, its uniformity in different directions, and possibly its constancy with 

time.” One could say that Hubble was chartered from the outset to measure cosmic distances, 

particularly by finding and measuring distances with Cepheid variable stars in remote galaxies. 

Making qualitative advances would demand the superb photometric sensitivity and spatial 

resolution available only in space. 

In Hubble’s first decade, its Wide Field and Planetary Camera 2 (WFPC2) was used to resolve 

Cepheids in hosts out to 20 Mpc to calibrate longer-range distance indicators such as type Ia 

supernovae, the Tully-Fisher relation, and the luminosity function of planetary nebulae.  From 

ground-based telescopes, Cepheids are also readily visible in the Large Magellanic Cloud 

(LMC), our dwarf neighbor 50 kiloparsecs away, where their importance was first discovered by 

Henrietta Leavitt 100 years ago.  This “Cepheid rung” completed a new distance ladder, 

resolving the existing factor-of-two uncertainty in H0 by measuring it to 10% precision.  This 

landmark in cosmology was achieved by two groups of astronomers—the Key Project team led 

by Wendy Freedman (Freedman et al. 2001) and the Sandage consortium led by Alan Sandage 

(Sandage et al. 2006).  The residual 10% uncertainty in H0 in the 1990s was due in part to 

systematic uncertainties along the ladder. For example, at optical wavelengths, the luminosity of 

Cepheids depends on metallicity. The LMC is metal-poor and the Galaxy—as well as distant 

spiral galaxies—are metal-rich. To account for this difference, the Cepheid luminosities had to 

be corrected for their metallicity, and the greater the difference, the larger and more uncertain the 

correction. Another problem was that shorter-period Cepheids are more common, but in more 
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distant galaxies only the longer-period, brighter Cepheids can be seen, thus producing another 

correction—and its uncertainty from the mismatch in period between the Cepheids in the LMC 

and more distant galaxies.  Yet another problem was the small volume in which WFPC2 could 

find and measure Cepheids—a sphere of only ~20 Mpc radius—which limited the number of 

rare SN Ia events in that volume to about one per decade. To improve statistics, astronomers 

needed to take advantage of SNe Ia recorded years ago on photographic plates, which required 

understanding the differences in the zero points of flux for ground-based photometry and 

WFPC2 photometry.  

After the installation of new Hubble instruments—Advanced Camera for Surveys (ACS), Near 

Infrared Camera and Multi-Object Spectrometer (NICMOS), and Wide Field Camera 3 

(WFC3)—the SHOES (“Supernovae, H0, for the Equation of State of dark energy”) team led by 

Riess and Lucas Macri constructed a new pair of Cepheid rungs between NGC 4258, the maser 

host 7 Mpc away, with a geometric distance good to 3% by Humphreys et al. (2008, 2013), and 

the hosts of recent SNe Ia observed with CCDs to 40 Mpc.  These new rungs reduced systematic 

errors of the prior by acquiring Cepheids of similar metallicity and period in both sets and by 

observing both with the same camera to eliminate the use of uncertain flux zero points.   In 

addition, the Cepheids were all observed in the near infrared (NIR) to mitigate the affect on 

Cepheid fluxes of variations in host dust and chemistry.  The factor of 8 increase in volume 

reached by the new rung provided a sample of 8 recent, nearby SNe Ia with the same high-

quality CCD photometry used to measure the expanding universe to a few Gpc, about 25 times 

farther than other secondary distance indicators.  The SHOES team reached a 5% uncertainty 

using ACS and NICMOS in 2009 (Riess et al. 2009), and just over 3% with WFC3 in 2011 

(Riess et al. 2011). 

Yet, just as the 2000s ladder was being completed, a third, more powerful ladder, enabled by 

high-precision astrometry, had begun construction. 

Trigonometric parallaxes to Cepheids in the Milky Way can, in principle, enable a distance 

ladder to reach 1% precision.  Using the Fine Guidance Sensors on Hubble, the Astrometry 

Science Team, led by Fritz Benedict, pioneered this effort by measuring the parallaxes of the 10 

nearest Cepheids all within 0.5 kiloparsecs  (9 with short periods) to a mean error of 3% 

(Benedict et al. 2007). The SHOES team used this sample to provide an alternative anchor to the 

2000s ladder (Riess et al. 2011) and Freedman and collaborators used this sample with Spitzer 

far-infrared (FIR) observations for a new start to the earlier, 1990s ladder, though at the cost of 

losing control on the aforementioned systematic errors (Freedman et al. 2012).*   

To maintain the high level of precision across the distance ladder, Cepheids with high-quality 

parallax measurements in the Milky Way must ultimately have similar long periods and should 

be observed with the same, NIR or FIR instrument as those in the far Cepheid rung.  A new 

Hubble capability—spatial scanning with WFC3—can provide the needed flux measurements of 

the bright Cepheids with little or no saturation and simultaneously measure their parallaxes. An 



ambitious effort by Riess, Stefano Casertano, and the SHOES team has begun in Hubble Cycle 

20. The plan is to use the enhanced sampling of spatial scanning with WFC3 to achieve an 

astrometric precision of 40 microarcseconds, which will enable measuring the parallaxes of the 

less common, but crucial, longer-period Cepheids, which live between 1 to 3 Kpc. By the end of 

this decade, the ESA GAIA mission is expected to deliver precise Cepheid parallaxes out to 10 

Kpc. 

The improvements gained in the use of secondary distance indicators between the 1990s and 

2000s ladders must be retained and extended to achieve the goal of 1% precision for H0 for the 

2010s ladder.   Additional precision can come from the use of SN Ia NIR light curves, which 

show even lower scatter than in the optical. To reach 1%, the sample size of the nearer SNe Ia 

must be expanded to more than 25 objects, which will happen by luck, persistence, and, when it 

is commissioned, the extended reach of Webb. The SHOES team already has a program in place 

to double the present sample, to 16 SNe Ia, in Cycle 20.  

When this new ladder is completed during Hubble’s third and likely final decade, it will be a 

powerful tool, sharp enough for probing the remaining mysteries of the cosmological model.   
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______________ 

* While the 10 Hubble Cepheid parallax errors given by Benedict et al. support a 3% 

determination of the distance scale, their low periods and extreme brightness introduce 

systematic errors in the determination of H0 as detailed in Riess et al. (2011).  Freedman et al. 

(2012) initially avoid these errors by connecting these Cepheids with Spitzer to those in the LMC 

to a claimed precision better than the Hubble parallax errors, just 2% (by replacing the parallax 

errors with the lower apparent dispersion of their luminosities).  However, the systematic errors 

appear to arise in their ladder between the LMC and the Hubble flow, accruing 5%–6% error 

from the simultaneous use of metal-poor, short-period Cepheids (LMC) and metal-rich, long-

period Cepheids (distant spirals) in the optical, and from using two Cepheid samples observed 

with different-color zero points.  In addition, Freedman et al. (2012) and Sandage et al. (2006) 

retain the use of photographic photometry of some supernovae from 1937, 1960, and 1974, with 

additional, unknown systematic errors. 




