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Chronology

When the Cycle 19 Call for Proposals was released in December 2010, 
Hubble had already seen a full cycle of operation with the newly 
installed and repaired instruments calibrated and characterized. 

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) were all close to nominal operation and were avail-
able for Hubble observing proposals in Cycle 19. The Near Infrared Camera and 
Multi-Object Spectrometer (NICMOS) was available for proposers as well. However, 
when the Call for Proposals was issued, the decision on when the NICMOS cool-
ing system would be restarted had not yet been made, and the instrument was 
inactive. Nevertheless, the proposers were advised to assume NICMOS would be 
available during Cycle 19.

The Phase I deadline for Cycle 19 was February 25, 2011. 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. Due to power issues in Baltimore, Maryland, the deadline was 
extended incrementally: from 8 p.m. to 10 p.m. on 2/25; then from 10 p.m. on 
2/25 to 3 p.m. on 2/26; and then from 3 p.m. to 6 p.m. on Saturday 2/26 (the 
final deadline). 

We received a total of 1,007 proposals, after accounting for duplications 
and withdrawals.

Review process

Members of the international astronomical community review Hubble propos-
als. Grouped in panels organized by science category, each panel has one or 
more “mirror” panels to enable transfer of proposals in order to avoid conflicts. 
In Cycle 19, the panels were divided into the categories of Planets, Stars, Stellar 
Populations and Interstellar Medium (ISM), Galaxies, Active Galactic Nuclei and 
the Inter-Galactic Medium (AGN/IGM), and Cosmology, for a total of 14 panels. 
One of these panels reviewed Regular Guest Observer, Archival, Theory, and 
SNAP proposals.

The panel chairs also serve as members of the Time Allocation Committee 
(TAC), which reviews Large and Archival Legacy proposals. In addition, there 
are three at-large TAC members, whose broad expertise allows them to review 
proposals as needed, and to advise panels if the panelists feel they do not have 
the expertise to review a certain proposal.

The process of selecting the panelists begins with the selection of the TAC Chair, 
about six months prior to the proposal deadline. James Graham (UC Berkeley) 
served as Chair of the Cycle 19 TAC. Next, we select the chairs of the panels and 
the at-large members. The recruitment of panel members is usually completed about 
two months prior to the proposal deadline. The goal is to have a healthy mix of 
experienced, senior panelists, as well as younger panel members at the postdoctoral 
level. Other important considerations are gender balance and representation of 
members of the European Space Agency (ESA) and other countries. In Cycle 18, 
we saw unprecedented proposal pressure, and actually had to add an additional 
panel after the Phase I deadline. We anticipated a similar level of interest this 
year, and so retained the additional panel. The final Cycle 19 assessment process 
involved 132 panelists and TAC members.

In Cycle 19, we tried to make all panels close to the 
same size (about 9–10 members, including the chair), while 
trying not to overload the panel members with too many 
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Interacting Galaxies UGC 1810 and UGC 1813
Credit: NASA, ESA, and the Hubble Heritage Team (STScI/AURA)
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The James Webb Space 
Telescope Lives in  
Interesting Times
M. Mountain, mmountain@stsci.edu

J WST has featured prominently in the space science news, and in many cases made the news 
in the main media, over the past few months. I look at this in two ways. In the “glass is half 
full” view, the scientific case for the telescope grows stronger as the technical progress of the 

mission reaches new heights and gets key milestones behind us. In early June, the Institute hosted the 
conference, “Frontier Science Opportunities with JWST.” The meeting attracted nearly 200 astronomers 
from across the world to share their ideas of the groundbreaking science JWST will do. This science 
is the cornerstone of the Astro2010 Decadal Survey, and cannot be achieved with current or other 
planned facilities (Figure 1). Wendy Freedman and Jason Kalirai describe the science highlights of the 
meeting in an accompanying article. The community’s scientific interest in JWST can be measured by 
their use of the newly released JWST exposure time calculator, which has seen nearly 5,000 calcula-
tions since May 2011 (Figure 2). 

Seventy-five percent of JWST ’s mass has been designed or is in construction, including the most 
challenging parts of the observatory: the 6.5-meter mirror array, the sunshield, and the instruments.  
All 18 primary mirror segments have completed final polishing and, after cryo testing 12 of the mirrors, 
show that the average surface aberrations across the entire 6.5m mirrors at 40 K will be less than 
25 nm, delivering a wavefront with less than 50nm error. When combined with all the other errors 
in the JWST system, this will easily allow the telescope to reach diffraction-limited performance at 2 
microns, and deliver superb images even at 1 micron, as the simulation in Figure 1 shows. All of the 
18 segments have also completed gold coating. There has been significant progress on the science 
instruments as well, as discussed in the accompanying articles “JWST Flagship” by Jason Kalirai and 
“NIRCam Update” by Marcia Rieke and Massimo Robberto. 

NASA has also taken several steps to address the issues raised by the Independent Comprehensive 
Review Panel (ICRP) last fall. There is a new JWST Project Manager at Goddard Space Flight Center, 
William Ochs. Ochs and the Senior Project Scientist, John Mather, report directly to the Goddard Director, 
Robert Strain. The project has been placed in its own Program Office housed within the Science Mission 
Directorate at NASA HQ, with Richard Howard as the JWST Program Director reporting directly to the 
NASA Associate Administrator Christopher Scolese.

The “glass is half empty” view of JWST has two parts. First is that its management and budget travails 
come at a difficult time for our community, and the short-term effects are painful. Independent of JWST ’s 
troubles, the country’s economic downturn is forcing the government to scale back its discretionary 
programs, including its investment in science at NASA, eating into our aspirations as articulated in our 
recent Decadal Survey. Finding additional funds within this environment requires recalibrating our hopes 
and our future, a process that will clearly engender frustration and disappointment. It is important we 
recognize that many in our community find little consolation in JWST ’s future robust science when 
their immediate needs are under direct threat today.
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Second, and not unrelated is the recent development in Congress, where the House of Representatives’ 
Commerce, Justice, and Science Appropriations subcommittee recommended zero funding for FY12, given 
the cost overruns. Under the House plan, the funds for JWST are removed from the NASA astrophysics 
and science budget and used for deficit reduction. The Senate appropriators have proposed reinstating 
JWST and supporting a 2018 launch. It was Senator Mikulski—chair of 
the Senate Appropriations Subcommittee on Commerce, Justice, and 
Science, and Related Agencies—who initiated last year’s ICRP. Over the 
next few weeks, the Senate and the House will discuss their proposals, 
and any differences in their respective proposals will have to be resolved 
in conference.

NASA is in the process of redefining the JWST budget and schedule. 
The new launch date is 2018. The new budget will include, for the first 
time in the history of the project, adequate reserves and significant (and 
funded) schedule slack to deal with problems that may arise. The budget 
and schedule are consistent with an 80% confidence level, which is 
unprecedented and minimizes the chances of a future overrun. The recently 
reported $8.8B estimated cost for JWST represents the full, life-cycle 
cost of the mission. This includes the prior investment of $3.5B that has 
already developed ten new technologies to enable JWST, and brought 
approximately 75% of the observatory’s mass into or through fabrication. 
The remaining cost of $5.2B comprises three components: (1) current and 
future investments in other hardware, such as the sunshield, the spacecraft 
bus, and the very extensive integration and testing of the completed 
components; (2) contingency reserves set at an unprecedented level of 
approximately $1B commensurate with the recommendation of the ICRP 
(80% confidence, 25% reserves required each year) to maintain schedule 
and to ensure JWST stays within budget, and (3) post-launch costs of 
JWST—flight operations, science operations, and research funding for 
the community—to ensure the science is returned from the telescope.

The cost to launch JWST in 2018 will be $8B. This is a large number, 
but to fit JWST within the difficult funding constraints of our times, NASA 
has had to move the launch date out a further 3 years from what the ICRP thought possible and the 
Senate has now proposed JWST development cost (the cost to launch) be capped at $8B. NASA is now 
looking at how it can find the additional funds at an Agency level, that is, within its overall annual budget 
of approximately $18B a year; this is an incredible commitment by NASA to the science JWST will deliver. 
We at the Institute remain fully committed to the success of JWST. It is the future of astrophysics—not 
just in the US, but also in Europe and Canada. As always, our job at the Institute is to ensure JWST 
fulfills our community’s scientific expectations, is openly accessible to the entire astronomical community 
through competitive peer review, and is as transformational as Hubble has been. 

Figure 2: The newly released JWST exposure time calculators provide an 
opportunity for the community to measure the efficiency of the observatory 
in tackling tough questions that are at the forefront of astronomical 
research. This plot is a snapshot in time of the number of calculations 
performed on the calculators since their release in May 2011. 

Figure 1: JWST will obtain spectacular images with unprecedented power for discovery. The left panels (white frames, prior page) show an image of the Hubble 
Ultra Deep Field in the near infrared, recently taken by Hubble’s Wide Field Camera 3. This 0.7 × 1 arcmin image of the universe is the deepest ever obtained. 
The right panels (red frames, above) show a simulated image of the same region by NIRCam on JWST. JWST ’s higher resolution improves the clarity of the 
image, and better reveals the morphology of sources. JWST ’s exquisite sensitivity—much better than Hubble’s—brings out faint galaxies hidden in the noise 
of the Hubble image. 
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proposals. Typically, each panel was assigned between 60 and 80 proposals. Institute staff scientists 
with expertise in the scientific area of the proposals assign the proposals to panels and to primary 
and secondary reviewers—based on the keywords provided by the proposers, as well as according to 
considerations of balance and conflicts. 

The Cycle 19 proposal review took place during the week of 16–20 May, 2011. As in Cycles 17 and 
18, we held the proposal review at the Institute and the Physics & Astronomy department of the Johns 
Hopkins University (JHU). We thank JHU for providing us with the additional space, which is crucial 
in order for us to be able to hold the review onsite. Most panelists prefer the campus location to the 
offsite conference center where we held the review in some previous years. 

A significant number of observing proposals fell into the medium category (30–99 orbits), making 
them quite expensive, but still too small for the large category (100+ orbits). We have learned from 
experience that this factor tends to make panelists reluctant to approve these proposals, even though 
we wish to encourage a healthy mix of small, medium, and large programs with Hubble. In Cycle 19, 
as in many previous cycles, in order to try to encourage this balance, medium proposals received a 
sliding subsidy, so that proposals with a larger number of orbits received a larger subsidy and “cost” 
the panels less than the actual orbit allocation. 

We pay careful attention to the handling of conflicts in the review process. Striking a balance between 
minimizing conflicts of interest and maximizing the expertise of a panel is becoming increasingly chal-
lenging as collaborations expand and proposal teams grow in size. We distinguish between major and 
minor conflicts. When a panel member has a major conflict (for example, they are a PI or Co-I on the 
proposal, or they are a family member, or a current or recent former student or advisor of a PI or Co-I), 
they must leave the room during the discussion of the proposal and may not vote on the proposal’s 
ranking. If one of the panel members is a close collaborator of a co-investigator, or is at the same 
institution as a co-I, this is considered a minor conflict. When a minor conflict arises, the panelist may, 
at the chair’s discretion, participate in the proposal discussion—but must not cast a vote. We find that 
these rules lead to a healthier discussion in the panels, with no evidence for bias.

Roving members of the Science Policies Group (Institute science staff members), NASA and ESA 
representatives, and the at-large members observe the panels. These observers ensure that all rules 
are followed and answer procedural questions that arise, but do not provide any scientific or technical 
opinions. 

Summary of Cycle 19 Results

Proposals Requested Approved %  
Accepted

ESA  
Accepted

ESA %  
Total

General Observer 798 148 18.5% 32 21.6%

Snapshot 65 10 15.4% 3 30.0%

Archival Research 88 28 31.8% 0

AR Legacy 10 4 40.0% 0

Theory 46 9 19.6% 0

Total 1007 199 19.8% 35 17.6%

Primary Orbits 18682 2556* 13.7% 531 20.8%

*2556 Approved does not include 21 Prime Calibration orbits

Statistics

The TAC and the panels in Cycle 19 had 2,600 orbits available for allocation. This allocation is smaller 
than in some previous cycles, due to the allocation of orbits to the (1) Multi-Cycle Treasury Programs,  
(2) remaining COS GTO orbits, and (3) unexecuted Cycle 17 and 18 programs. The oversubscription ratio 
was 7:1 by orbits, which translated into a proposal acceptance rate of one out of five. The acceptance 
rate for archival research was about one out of three, similar to the long-term average.

The 1,007 proposals submitted in Cycle 19 included 798 general observer (GO), 65 snapshot (SNAP), 
88 archival, 10 legacy archival (AR), and 46 theory programs. Six hundred orbits were made avail-
able for proposals reviewed by the TAC (Large and Treasury proposals), and 2,000 for the proposals 
reviewed by the 14 panels.

The Cycle 19 panels and TAC recommended approving 198 programs, including 147 GO, 10 SNAP, 
32 AR and Legacy Archival, and 9 Theory programs. Two joint Spitzer–Hubble programs were awarded 
time by the panels.
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For Cycle 19, the TAC and the panels recommended 43% of the GO prime orbits—excluding orbits 
of parallel observations—for spectroscopy and 57% for imaging. WFC3 is the most widely used 
instrument in prime and parallel modes, with a usage of 48.6%, followed by ACS 25%, STIS 14.7%, 
COS 11.7%, and FGS 0.1%. 

Hubble is a joint NASA–ESA mission. ESA scientists were principal investigators (PIs) on 35 of the 
198 accepted proposals, accounting for 20.8% of the orbits allocated and 17.6% of the proposals.

Instrument Statistics

Configuration Mode Prime % Coordinated 
Parallel % Total Instrument 

Prime Usage

Instrument 
Prime + 

Coordinated 
Parallel Usage

Pure  
Parallel 
Usage

Snap  
Usage

ACS/SBC Imaging 1.9% 0.0% 1.4%

ACS/WFC Imaging 17.0% 49.5% 25.4% 14.5%

ACS/WFC Ramp Filter 1.6% 0.0% 1.2% 20.5% 28.0%

ACS/WFC Spectroscopy 0.0% 0.0% 0.0%

COS/FUV Spectroscopy 15.9% 0.0% 11.8%

COS/NUV Imaging 0.0% 0.0% 0.0% 17.6% 13.1%

COS/NUV Spectroscopy 1.8% 0.0% 1.3% 7.5%

FGS POS 0.0% 0.0% 0.0% 0.1% 0.1%

FGS TRANS 0.1% 0.0% 0.1%

NIC1 Imaging 0.0% 0.0% 0.0%

NIC2 Imaging 0.0% 0.0% 0.0% 1.3% 1.0%

NIC3 Imaging 0.0% 0.0% 0.0%

NIC3 Spectroscopy 0.0% 0.0% 0.0%

STIS/CCD Imaging 2.8% 0.0% 2.1%

STIS/CCD Spectroscopy 9.1% 0.0% 6.8%

STIS/FUV Imaging 0.5% 0.0% 0.4% 22.2% 16.4%

STIS/FUV Spectroscopy 3.5% 0.0% 2.6%

STIS/NUV Imaging 0.1% 0.0% 0.1%

STIS/NUV Spectroscopy 6.2% 0.0% 4.6%

WFC3/IR Imaging 14.5% 2.7% 11.4% 37.5% 42.2%

WFC3/IR Spectroscopy 3.6% 0.0% 2.7% 38.3% 41.5% 25.0% 4.5%

WFC3/UVIS Imaging 19.0% 47.8% 26.4% 37.5% 31.3%

WFC3/UVIS Spectroscopy 1.2% 0.0% 0.9% 0.0%

Approved GO Prime

Imaging Spectroscopy FGS

57.3% 42.6% 0.1%

Total GO Usage
ACS COS FGS NICMOS STIS WFC3

25.0% 11.7% 0.1% 0.0% 14.7% 48.6%

NICMOS has not been available for science observations since August 2008, when the NICMOS 
Cooling System failed to restart after a planned shutdown to allow the installation of new flight software. 
Following extensive discussions with the Hubble project at the Goddard Space Flight Center (GSFC) and 
the Space Telescope Users Group (STUC), NICMOS was offered for observations in Cycle 19, with the 
clear understanding that this would be the last opportunity to propose such observations. Following 
their November 2010 meeting, the STUC made the following recommendation:

“The STUC agrees with the decision to include NICMOS in the Cycle 19 Call for Proposals. However, 
given the limited resources, an NCS re-start would only be justified by a sufficiently high demand or an 
exceptional science case. In the case that NICMOS is revived, the STUC suggests that STScI re-evaluate 
the Cycle 16 & 17 proposals with uncompleted NICMOS orbits before executing them.”
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A number of proposals to use NICMOS were submitted in response to the Cycle 19 Call, and the 
panels recommended awarding time to 5 proposals using NICMOS for a total of 39 orbits (~1.5% of 
the Cycle 19 GO allocation). Together with the unexecuted orbits from Cycle 16 and 17 programs, this 
constitutes an overall science program of 84 orbits. Implementing those observations requires additional 
resources, including ~20 orbits for the NICMOS restart, several dozen orbits for basic calibration, and 
re-allocation of support staff at the GSFC Hubble project and the Institute. Moreover, provision would 
have to be made for planned shutdowns of on-board instrumentation to accommodate power constraints 
and provide adequate cooling during the hotter phases of Hubble’s orbital cycle.

The Cycle 19 NICMOS programs recommended for approval by the TAC are individually of high 
quality. However, after discussions with the Hubble project and Institute staff, the Director made the 
assessment that the ensemble science of the NICMOS programs constitutes neither “sufficient high 
demand,” nor provides “an exceptional science case”—the criteria proposed by the STUC that would 
justify reallocating substantial resources to support the observations. Consequently, with the concurrence 
of the STUC and NASA Headquarters, an NCS restart will not be pursued in Cycle 19. 

As in Cycle 18, the PIs of the Cycle 19 TAC-approved NICMOS programs are being given the opportunity 
to request transfer to a different Hubble instrument, if scientifically viable. The same opportunity is 
being afforded to the PIs of the residual Cycle 16 and 17 programs, which will otherwise be terminated. 
NICMOS will not be offered in Cycle 20. However, the Hubble project and the Institute have been very 
careful to document the required procedures for undertaking an NCS purge and restart, and no actions 
will be taken that might preclude such an action at a future date. 

Proposal Acceptance Ratio 
Oversubscription by Cycle
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Science Program

The TAC and the panels recommended proposals that span a broad range of science, from solar-
system objects and exoplanets to galaxies at redshifts of z ~ 7–10, and utilize the power of all of 
Hubble’s active instruments.

In the area of exoplanet studies, a large program will use the unique capabilities of Hubble’s refurbished 
STIS instrument to perform the first large-scale optical transmission spectral survey of hot-Jupiter 
exoplanets, with the overall aim of comparing their atmospheric properties, detecting strong absorbers, 
and probing the diversities between possible sub-classes. The eight targets sampled in this survey will 
cover a very large range of planetary effective temperature, surface gravity, mass and radius, which 
will for the first time explore the full diversity of hot-Jupiter atmospheres, as well as identify important 
physical processes common to the entire class.

Another large program will monitor 12 fields in the Galactic bulge, containing 1.5 million stars, over 
a 3-year period. This program will exploit the unique high-precision astrometric capabilities of Hubble to 
detect microlensing events caused by non-luminous isolated black holes (BHs) and neutron stars (NSs) 
in the Galactic disk and bulge. A survey of this kind is the only means available at present for measuring 
the mass function of isolated BHs and NSs. (To date, BH and NS masses have been measured only in 
binary systems.) The results of this new program will provide a quantitative estimate of the mass content 
in the form of stellar remnants in the young Galactic disk and old bulge, and important constraints on 
the SN/GRB explosion mechanisms that produce NSs and BHs.

The high resolution of Hubble’s ACS and WFC3 cameras will be exploited by another team to carry 
out a deep, high-precision, photometric survey of six ultra-faint dwarf galaxy satellites of the Milky 
Way. This new class of galaxy, recently discovered in the Sloan Digital Sky Survey, appears to be an 
extension of the classical dwarf spheroidals to lower luminosities. The investigators will characterize 
the age dispersion within each galaxy, the age variation among these galaxies, and the ages of these 
galaxies relative to those of the Galactic globular clusters. These measurements will provide a test of 
the synchronized star formation predicted by some theoretical models.

In another large proposal, the COS instrument will be used to study circum-galactic gas around nearby 
(z < 0.05) galaxies, and search for correlations with the atomic, molecular, and ionized gas content 
and the star-formation history of the galaxies. The circum-galactic gas, which is the interface between 
inflowing gas and outflows of processed gas and metals, will be probed using absorption features in 
the spectra of background quasars with sightlines within the virial radius of the galaxy. These data 
will constrain the processes of outflows and stellar feedback in galaxies, which are some of the most 
uncertain aspects of cosmological models of galaxy formation. 

A pure parallel survey, called WISP (WFC3 Infrared Spectroscopic Parallels) will obtain WFC3 grism 
spectroscopy for a sample of ~3,500 galaxies over the redshift range 0.5 < z < 2. WISP will be 
particularly sensitive to low-mass, metal-poor galaxies with extreme star-formation rates, which tend 
to be missed by conventional continuum-selected surveys. The WISP team plans to use the spectra 
obtained with this project to derive improved measurements of the cosmic star-formation rate and the 
mass-metallicity relationship over this epoch.

A Treasury survey will obtain deep ultraviolet (UV) imaging with WFC3/UVIS in the Hubble Ultra Deep 
Field. This is one of the few “missing” wavelengths in this very well-studied field, and the addition of 
the F225W, F275W, and F336W filters will enable identification of galaxies in the redshift range 1 < z 
< 2.5 via the Lyman-break technique, allowing the investigators to trace the rest-frame far-ultraviolet 
luminosity function and the internal color structure of galaxies, including sub-galactic “clumps.” In the 
spirit of the Treasury Program, the team has pledged to increase the legacy value of the Hubble Ultra 
Deep Field (HUDF) by providing science-quality images, photometric catalogs, and improved photometric 
redshifts, to enable a wide range of research by the community.

Two large programs will focus on galaxies during the “reionization epoch,” the redshift range 7 < z < 
10. One project will directly address the question of whether the observed population of galaxies could 
have reionized the universe, by strategically increasing the depth of existing near-infrared observations 
in the HUDF. This program will obtain better constraints on the faint end slope of the galaxy rest-UV 
luminosity function at z = 7–8, and also constrain the escape fraction of ionizing photons by measur-
ing the UV slope in these high-redshift galaxies. The other program will extend the BoRG (Brightest 
of Reionizing Galaxies) survey using a pure parallel approach to find luminous Lyman-break galaxies 
at z > 7. The random pointings this survey will probe will help to overcome cosmic variance, a major 
uncertainty for the brightest galaxies at these epochs, which are expected to be strongly clustered. 
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The TAC approved four archival legacy programs. One is an archival/calibration study that will analyze 
9 new orbits of FGS data and 180 previous orbits to obtain a definitive Optical Field Angle Distortion 
(OFAD) calibration. This will restore the ability to obtain millisecond of arc (mas) residuals per observa-
tion, yielding typical parallax errors of 0.2 mas, and similar precision for exoplanet perturbation orbital 
parameters, which had been lost after an adjustment of the FGS in 2009. Another AR Legacy program 
will use archival observations from Hubble/ACS and Spitzer/IRAC, and ground-based telescopes, to 
construct uniform and self-consistent multi-waveband photometric catalogues for the GOODS-N, 
GOODS-S, COSMOS, HUDF, AEGIS and the ACS cluster survey fields. These catalogues will be used 
to generate high quality Spectral Energy Distributions (SEDs) for individual galaxies, spanning the 
wavelength range from UV to mid-infrared (0.1–8.0 microns), which can then be used to measure the 
photometric redshift, stellar mass, rest-frame flux, star-formation rates, dust extinction, and spectral 
type for individual galaxies. The catalogues and all derived parameters will be provided to the community 
through the Multi-mission Archive at Space Telescope (MAST). 

A third Archival Legacy program will mine the NICMOS coronagraphic archive to search for exoplanet 
candidates. The investigators will take advantage of recent improvements in optimal PSF subtraction 
algorithms and a complete recalibration of the NICMOS coronagraphic archive (LAPLACE) to achieve 
an order of magnitude improvement in contrast over previous analyses. By the end of the study, the 
team will deliver to the community a list of candidates with precise astrometry and photometry for 
follow-up and full characterization. The fourth AR Legacy program will characterize and model mass 
segregation and intermediate-mass black holes (IMBH) in globular clusters. The investigators plan 
to rigorously quantify and model the mass segregation in 66 Galactic globular clusters with suitable 
archival Hubble data. In conjunction with comparisons with N-body models, this will constrain the mass 
of any IMBHs, will identify IMBH-candidates for more targeted follow-up, and will shed new light on 
cluster structure and evolution.

Submitted Orbits by
Science Category

Approved Orbits by
Science Category

AGN:  Active Galactic Nuclei
COS:  Cosmology
IEG: ISM in External Galaxies
QAL:  Quasar Absorption Lines
USP:  Unresolved Stellar Populations
CS:  Cool Stars
HS:  Hot Stars
ISM:  ISM and Circumsteller Matter
RSP:  Resolved Stellar Populations
SF:  Star Formation
SS:  Solar System
ESP:  Extra-Solar Planets
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Ireland 2 0 United Kingdom 58 11

Israel 5 0 United States 761 162

ESA Proposals 200 35
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Name Institution
James Graham, TAC Chair University of Toronto

TAC at Large
Cathy Clarke Institute of Astronomy

Simon Morris University of Durham

Alice Quillen University of Rochester

Extragalactic Panel Members
Itziar Aretxaga Instituto Nacional de Astrofísica, Óptica y 

Electrónica

Amy Barger University of Wisconsin

Aaron Barth University of California

Daniel Batcheldor Florida Institute of Technology

Gary Bernstein University of Pennsylvania

Elizabeth Blanton Boston University

Tamara Bogdanovich University of Maryland

Erin Bonning Yale University

Rychard Bouwens Leiden Observatory

David Bowen Princeton University

Alyson Brooks California Institute of Technology

David Carter Liverpool John Moores University

Caitlin Casey University of Hawaii

Renyue Cen Princeton University

Sukanya Chakrabarti University of California

Hsiao-Wen Chen University of Chicago

Chris Churchill New Mexico State University

Kathy Cooksey Massachusetts Institute of Technology

Michael Crenshaw Georgia State University

Roelof de Jong Astrophysical Institute – Potsdam

Harald Ebeling University of Hawaii

Erica Ellingson, Chair University of Colorado

Dawn Erb University of Wisconsin

Xiaohui Fan, Chair University of Arizona

Chris Fassnacht University of California

Laura Ferrarese, Chair Herzberg Institute 

Steve Finkelstein Texas A & M University

Natascha Foerster-Schreiber Max-Planck Institut für Eisenforschung

Meghan Gray University of Nottingham

Michael Gregg University of California

Jeyhan Kartaltepe National Optical Astronomy Observatory

Brian Keeney University of Colorado

Chris Kochanek Ohio State University

Tod Lauer, Chair National Optical Astronomy Observatory 
– Tucson

James Lauroesch University of Louisville

Name Institution
Kyoung-Soo Lee Yale University

James Lowenthal Smith College

Matt Malkan, Chair University of California

Rachel Mandelbaum Princeton University

Smita Mathur Ohio State University

Bahram Mobasher University of California

Ken Nagamine University of Nevada

Priya Natarajan, Chair Yale University

Eric Perlman Florida International University

Alexandra Pope University of Massachusetts

Naveen Reddy National Optical Astronomy Observatory

Jane Rigby Carnegie Observatories

Paola Rodriguez The Pennsylvania State University

Samir Salim Indiana University

Sandra Savaglio Max-Planck Institut für Eisenforschung

Marcin Sawicki Saint Mary’s University

Mark Seibert Carnegie Observatories

Joe Shields Ohio University

Aurora Simionescu Stanford University

Jay Strader Harvard-Smithsonian Center for Astro-
physics

Amber Straughn NASA Goddard Space Flight Center

Scott Trager Kapteyn Instituut

Kim-Vy Tran Texas A & M University

Monica Valluri University of Michigan

Simona Vegetti Massachusetts Institute of Technology

Lisa Winter University of Colorado

Shelley Wright University of California

Ann Zabludoff University of Arizona

Nadia Zakamska, Chair The Johns Hopkins University/Stanford 
University

Galactic Panel Members
Philip Bennett Eureka Scientific

Karen Bjorkman University of Toledo

Alceste Bonanos National Observatory of Athens

Matt Browning University of Toronto

John Cannon Macalester College

Adrienne Cool San Francisco State University

Angela Cotera SETI Institute

Chris Evans Science and Technology Facilities Council

Gary Ferland University of Kentucky

Ed Fitzpatrick Villanova University

Cynthia Froning University of Colorado

Cycle 19 TAC and Panel Members
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Cycle 19 TAC and Panel Members

Name Institution
Karoline Gilbert University of Washington

Leo Girardi Osservatorio Astronomico di Padova

Patrick Godon Villanova University

Theodore Gull NASA Goddard Space Flight Center

Margaret Hanson, Chair University of Cincinatti

Jay Holberg University of Arizona

Chris Howk University of Notre Dame

Tracy Huard University of Maryland

Christopher Johns-Krull, Chair Rice University 

Lex Kaper, Chair University of Amsterdam

Joel Kastner Rochester Institute of Technology

Francisca Kemper University of Manchester

Adam Kraus Institute for Astronomy – Hawaii

Emily Levesque University of Colorado at Boulder

Jessica Lu California Institute of Technology

Jesús Maíz Apellániz Instituto de Astrofísica de Andalucía

Mario Mateo, Chair University of Michigan

Bob Mathieu University of Wisconsin – Madison

Subhanjoy Mohanty Imperial College London

Siobahn Morgan University of Northern Iowa

Sergio Ortolani Università di Padova

Manuel Peimbert Universidad Nacional Autonoma de 
Mexico

Laura Penny College of Charleston

Daniel Pequignot Observatoire de Paris – Meudon

Marc Pinsonneault Ohio State University

Francesca Primas European Southern Observatory

Norbert Przybilla Dr. Karl Remeis Observatory

Ian Roederer Carnegie Observatories

Ata Sarajedini, Chair University of Florida

Olivier Schnurr Astrophysical Institute – Potsdam

Nathan Smith Steward Observatory

Jorick Vink Armagh Observatory

Ted von Hippel Siena College

Richard Wade The Pennsylvania State University

Bart Wakker University of Wisconsin – Madison

Andrew West Boston University

Planetary Panel Members
Sean Andrews Harvard-Smithsonian Center for Astro-

physics

Gilda Ballester University of Arizona

John Clarke, Chair Boston University

Drake Deming, Chair NASA Goddard Space Flight Center

Name Institution
Heather Knutson California Institute of Technology

Anne Marie Lagrange Observatoire de Grenoble

Casey Lisse The Johns Hopkins University

Mercedes Lopez-Morales Institut de Ciències de l’Espai – Barcelona

Phillip Nicholson Cornell University

Deborah Padgett Herschel Science Center

Lisa Prato Lowell Observatory

Hilke Schlichting University of California – Los Angeles

Glenn Schneider University of Arizona

Amy Simon-Miller NASA Goddard Space Flight Center

Ignas Snellen Leiden University

Giovanna Tinnetti University College London

David Trilling Northern Arizona University

Chad Trujillo Gemini Observatory
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Cycle 19 Approved Programs
PI name PI institution Type Title

AR Legacy Programs

George Benedict University of Texas at Austin AR Restoring the POS Mode Astrometric Precision of FGS-1r and a 
Definitive Velocity Dispersion for M35

Bahram Mobasher University of California – Riverside AR Galaxy Evolution Studies from High-precision Panchromatic Photometry 
of Hubble and Spitzer Survey Fields

Rémi Soummer Space Telescope Science Institute AR Exoplanet Search in the HST NICMOS Coronagraphic Archive

Roeland van der Marel Space Telescope Science Institute AR Characterization and Modeling of Mass Segregation and Intermediate-
mass Black Holes in Globular Clusters

Extragalactic Programs

Katherine Alatalo University of California – Berkeley GO Mapping Recent Star Formation and Dust in NGC 1266, a Local 
Example of AGN-driven Feedback

Steven Allen Stanford University AR Dark Interactions: New Constraints on Self-interacting Dark Matter

Nahum Arav Virginia Polytechnic Institute and 
State University

AR The Contribution of Quasar Outflows to Cosmological Structure 
Formation

Vardha Bennert University of California – Santa 
Barbara

AR The Co-evolution of Black Holes and Their Host Galaxies

Nils Bergvall Uppsala Astronomical Observatory GO A Novel Approach to Find Lyman Continuum Leaking Galaxies at z ~ 0.3 
with COS

Luc Binette Universidad Nacional Autónoma de 
México (UNAM)

GO Quasar Ton 34 with Steepest Far-UV Break Known Has Entered New 
Bal QSO Phase

Nicolas Bouche University of California – Santa 
Barbara

GO Testing Feedback with z = 1 Star-forming Galaxies

David Bowen Princeton University GO QSO Absorption-line Systems from Dwarf Galaxies

Carrie Bridge California Institute of Technology GO WISE-selected Lyman-𝛼 Blobs: An Extreme Dusty Population at High-z

Alyson Brooks California Institute of Technology AR Interpreting the Escape of Ionizing Radiation from Galaxies: Results from 
Simulations

Gabriela Canalizo University of California – Riverside AR Understanding Stellar Velocity Dispersion in Dusty and Dynamically Non-
quiescent Galaxies

Chris Carilli Associated Universities, Inc. GO Characterizing a Gravitational Lens in the Molecular Einstein Ring SMG 
18423+5938

Jane Charlton The Pennsylvania State University GO The State of High Ionization Gas in 11 Intermediate-redshift Galaxies 
and Their Surroundings

Jane Charlton The Pennsylvania State University AR Archival COS Survey of Analogs of Weak Mg II Absorbers in the Present

Christopher Churchill New Mexico State University AR Absorption-line Analysis to Interpret and Constrain Cosmological 
Simulations of Galaxy Evolution with Feedback

Geoffrey Clayton Louisiana State University and  
A & M College

GO The UV Interstellar Extinction Properties in the Super-solar Metallicity 
Galaxy M31

Charlie Conroy Harvard University GO Dissecting the Integrated Light of a Massive Elliptical Galaxy with Pixel-
to-Pixel Fluctuations: Is the IMF Bottom-Heavy?

Kem Cook Lawrence Livermore National 
Laboratory

GO Measuring the Hubble Flow Hubble Constant

Michael Cooper University of California – Irvine GO Measuring the Star-formation Efficiency of Galaxies at z > 1 with Sizes 
and SFRs from HST Grism Spectroscopy

Robert da Silva University of California – Santa Cruz GO On the Triggering of Quasars during First Passage

Charles Danforth University of Colorado at Boulder AR Exploring the Galactic Damped Lyman-alpha Absorber with Antipodal 
Sight Lines

Michael Eracleous The Pennsylvania State University GO Unraveling the LINER Conspiracy
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Cycle 19 Approved Programs
PI name PI institution Type Title

Dawn Erb University of Wisconsin – Milwaukee GO The Bottom of the Iceberg: Faint z ~ 2 Galaxies and the Enrichment of 
the IGM

Jessica Evans University of Illinois at Urbana 
 – Champaign

AR Anatomy of Starbursts in Extragalactic Giant H II Regions

Xiaohui Fan University of Arizona GO Probing Population III Star Formation in a z = 7 Galaxy

N. Forster Schreiber Max-Planck-Institut für extraterres-
trische Physik

GO Constraints on the Mass Assembly and Early Evolution of z ~ 2 
Galaxies: Witnessing the Growth of Bulges and Disks

Andrew Fruchter Space Telescope Science Institute GO From the Locations to the Origins of Short Gamma-Ray Bursts

Johan Fynbo University of Copenhagen, Niels 
Bohr Institute

GO Detecting the Stellar Continuum of the Galaxy Counterparts of three  
z > 2 Damped Lyman-𝛼 Absorbers

Elena Gallo University of Michigan SNAP A Chandra/HST Census of Accreting Black Holes and Nuclear Star 
Clusters in the Local Universe

Orly Gnat California Institute of Technology GO Are the Ultra-compact High-velocity Clouds Minihalos? Constraints from 
Quasar Absorption Lines

Orly Gnat California Institute of Technology AR Detectable UV Absorption Signatures from the Missing Baryons: Shock 
Models for Interpreting COS Observations

Anthony Gonzalez University of Florida AR New Constraints on Intracluster Light and the Baryon Budget in Massive 
Galaxy Clusters

Anthony Gonzalez University of Florida GO New Constraints on Intragroup Light and the Baryon Budget in Galaxy 
Groups

Ariel Goobar Stockholm University GO Probing the Explosion Environment and Origin of Type Ia Supernovae

Karl Gordon Space Telescope Science Institute GO Investigating the Enigmatic Ultraviolet 2175 Å Extinction Feature and 
Correlation with Infrared Aromatic/PAH emission in M101

Fabio Governato University of Washington AR Cosmological Simulations of the Formation and Evolution of Bulges, 
Pseudo Bulges and Bulgeless Galaxies

Kayhan Gultekin University of Michigan GO Low-mass Black Holes and C IV in Low-luminosity AGN

Matthew Hayes Observatoire Midi-Pyrénées GO Spectro-LARS: ISM Kinematics of the Lyman-alpha Reference Sample

Fredrick High University of Chicago GO Weak Lensing Masses of the Highest Redshift Galaxy Clusters from the 
South Pole Telescope SZ survey

Joanna Holt Sterrewacht Leiden GO AGN Feedback in Young, Radio-loud AGN

Sungryong Hong University of Massachusetts GO Constraining Stellar Feedback: A Census of Shock-ionized Gas in 
Nearby Starbursts Galaxies

Esther Hu University of Hawaii GO Low-z Analogs of High Redshift Lyman-alpha Emitters

Knud Jahnke Max-Planck-Institut für Astronomie, 
Heidelberg

SNAP Are Major Galaxy Mergers a Significant Mechanism to Trigger Massive 
Black Hole Growth at z = 2?

Linhua Jiang Arizona State University GO Near-IR Imaging of the Most Distant Spectroscopically Confirmed 
Galaxies in the Subaru Deep Field

Roderick Johnstone University of Cambridge GO COS Spectra of a Filament in NGC 1275—Testing the Particle Heating 
Mechanism

Sugata Kaviraj Imperial College of Science 
Technology and Medicine

GO High-resolution UV Studies of SAURON Galaxies with WFC3: 
Constraining Recent Star Formation and its Drivers in Local Early-type 
Galaxies

William Keel University of Alabama GO Giant Ionized Clouds Around Local AGN—Obscuration and History

Lisa Kewley University of Hawaii GO Shock Energy in Merging Systems: the Elephant in the Room

Anatoly Klypin New Mexico State University AR Galaxy Formation in LCDM: Numerical Models for CANDELS Project

Jin Koda State University of New York at 
Stony Brook

GO The WFC3 Mosaic of The Star-forming Galaxy M51 in Paschen beta
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Cycle 19 Approved Programs
PI name PI institution Type Title

Varsha Kulkarni University of South Carolina 
Research Foundation

GO Sub-damped Lyman-alpha Absorbers at z < 0.6: An Unexplored Terrain 
in the Quest for Cosmic Metals

Claus Leitherer Space Telescope Science Institute GO CCC—The Cosmic Carbon Conundrum

Xin Liu Harvard University SNAP The Frequency and Demographics of Dual Active Galactic Nuclei

Juan Madrid Swinburne University of Technology GO Extreme Variability, Proper Motions and High Energy Emission in the 
M87 Jet

Sangeeta Malhotra Arizona State University AR Gravity’s Microscope: Probing Fine Structure of z ~ 1–2 Galaxies 
Stretched into Arcs by Lensing

Crystal Martin University of California – Santa 
Barbara

GO Escape of Lyman-alpha Photons from Dusty Starbursts

Stephan McCandliss The Johns Hopkins University GO COS G140L CENWAV = 800: A Gapless Low-astigmatism Mode for 
Observations to the Lyman Limit

Ian McGreer University of Arizona GO A Candidate Lensed Quasar at z = 6.25

Mattia Negrello Open University SNAP SNAPshot Observations of Gravitational Lens Systems Discovered via 
Wide-field Herschel Imaging

Daniel Nestor University of California – Los 
Angeles

GO A Survey of Atomic Hydrogen at 0.2 < z < 0.4

Casey Papovich Texas A & M Research Foundation GO Galaxy Assembly at High Densities: HST Dissection of a Cluster at z = 1.62

Steven Penton University of Colorado at Boulder GO COS Observations below 1150 Å with R > 10,000: Calibrations for a 
New G130M/1222 Central Wavelength

Sara Petty University of California – Los 
Angeles

SNAP Unveiling the Physical Structures of the Most Luminous IR Galaxies 
Discovered by WISE at z > 1.6

Matthew Pieri University of Colorado at Boulder AR Probing the Warm-hot Intergalactic Medium Using Weak, Distributed 
Metal Absorption

Moire Prescott University of California – Santa 
Barbara

GO Small-scale Morphology and Continuum Colors of Giant Ly𝛼 Nebulae

Amy Reines The University of Virginia GO Confirming the First Supermassive Black Hole in a Dwarf Starburst 
Galaxy

Anil Seth Harvard-Smithsonian Center for 
Astrophysics

GO Weighing the Low-mass Central Black Hole in NGC 404

Isaac Shlosman University of Kentucky AR The Corollaries of the Ultra-compact Nuclear Rings in Disk Galaxies

Brian Siana California Institute of Technology GO Resolving Lyman Continuum Emission from Ly𝛼 Emitters

William Sparks Space Telescope Science Institute AR The Complete Velocity Field of the M87 Optical Jet

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

Nial Tanvir University of Leicester GO Identifying and Studying Gamma-ray Bursts at Very High Redshifts

Kim-Vy Tran Texas A & M Research Foundation GO Super-group 1120-1202: A Unique Laboratory for Tracing Galaxy 
Evolution in an Assembling Cluster at z = 0.37

Claudia Urry Yale University AR AGN Hosts at z ~ 2: The Role of Morphology in the Co-evolution of 
Black Holes and Galaxies

Sylvain Veilleux University of Maryland GO Ionized and Neutral Outflows in the QUEST QSOs

Sylvain Veilleux University of Maryland GO Deep FUV Imaging of Cool Cores in Galaxy Clusters

Joaquin Vieira California Institute of Technology GO Strongly Lensed Dusty Star-forming Galaxies: Probing the Physics of 
Massive Galaxy Formation

Ran Wang University of Arizona GO A Quasar–Starburst Merger System at z = 6.2 ?

Risa Wechsler Stanford University AR Massive Galaxy Clusters at High Redshift: A Challenge to 𝛬CDM or to 
Cluster Mass Calibration?

Arthur Wolfe University of California – San Diego AR H I-Selected Survey for Damped Lyman-𝛼 Systems with z < 1
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Cycle 19 Approved Programs
PI name PI institution Type Title

Planetary Programs
Daniel Apai University of Arizona GO Imaging Disk–Planet Interactions in the Beta Pictoris Disk

Travis Barman Lowell Observatory GO Determining the Atmospheric Properties of Directly Imaged Planets

Susan Benecchi Carnegie Institution of Washington GO Orbital Refinement and Characterization of New Horizons KBO 
Candidates

David Bennett University of Notre Dame GO Measuring the Exoplanet Mass Function Beyond the Snow-Line

Christine Chen Space Telescope Science Institute AR Are Dust Grains in Debris Disks Porous Aggregates?

John Clarke Boston University GO Detection of Hot (Escaping?) Hydrogen in the Martian Atmosphere

Jeffrey Cuzzi NASA Ames Research Center GO The Mysterious Redness of Saturn’s Rings

Fabio De Colle University of California – Santa Cruz AR On the Structure and Origin of HH Jets

Drake Deming NASA Goddard Space Flight Center GO Near-IR Spectroscopy of the Hottest Known Exoplanet, WASP-33b

Jean-Michel Desert Harvard University GO Relative Atmospheric Compositions and Metallicities of a Multi-planet 
System

Jay Farihi University of Leicester GO Constraining Planet Formation in the Unique Evolved Binary HR 637 (GJ 86)

Kevin France University of Colorado at Boulder GO Project MUSCLES: Measuring the Ultraviolet Spectral Characteristics in 
Low-mass Exoplanetary Systems

Cesar Fuentes Northern Arizona University AR Trans-neptunian Objects in WFC3 Archival Fields

Boris Gaensicke The University of Warwick SNAP The Frequency and Chemical Composition of Rocky Planetary Debris 
around Young White Dwarfs

Caitlin Griffith University of Arizona AR Tracking Titan’s Circulation

Heidi Hammel Space Science Institute GO Target-of-Opportunity Imaging of an Unusual Cloud Feature on Uranus

David Jewitt University of California – Los 
Angeles

GO Hubble Imaging of a Newly Discovered Main Belt Comet

Paul Kalas University of California – Berkeley GO Orbit Determination for Fomalhaut b and the Origin of the  
Debris Belt Halo

Adam Kraus University of Hawaii GO A Precise Mass–Luminosity–Temperature Relation for Young Stars

Adam Kraus University of Hawaii GO The Formation and Fundamental Properties of Wide Planetary-mass 
Companions

Laurent Lamy Observatoire de Paris – Meudon GO HST STIS/ACS Observations of the Aurorae of Uranus during Active 
Solar Wind Conditions

Keith Noll Space Telescope Science Institute SNAP How Fast Did Neptune Migrate? A Search for Cold Red  
Resonant Binaries

Deborah Padgett California Institute of Technology GO STIS Coronagraphy of New Debris Disks from the WISE All-sky Survey

Seth Redfield Wesleyan University GO Cool Star Winds and the Evolution of Exoplanetary Atmospheres

Erica Rodgers Space Science Institute AR Probing the Early Evolution of Dust Grains through Detailed YSO Models

Karl Stapelfeldt Jet Propulsion Laboratory GO Imaging Newly Identified Edge-on Protoplanetary Disks in Nearby  
Star-forming Regions

Karl Stapelfeldt Jet Propulsion Laboratory AR Fourteen Years of Proper Motions in the HH30 Protostellar Jet

Alfred Vidal-Madjar CNRS, Institut d’Astrophysique de 
Paris

GO Venus Observed as an Extrasolar Planet

Harold Weaver The Johns Hopkins University 
Applied Physics Laboratory

GO Using Hubble to Measure Volatile Abundances and the D/H Ratio in a 
Bright ToO Comet

Alycia Weinberger Carnegie Institution of Washington GO Debris Disk Chemistry from Spatially Resolved Spectroscopy
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Cycle 19 Approved Programs
PI name PI institution Type Title

Galactic Programs
Jay Anderson Space Telescope Science Institute AR The Ultimate Catalog of Omega Centauri: 15-band Photometry and 

Proper Motions

Daniel Apai University of Arizona SNAP Physics and Chemistry of Condensate Clouds across the L/T 
Transition—A SNAP Spectral Mapping Survey

Thomas Ayres University of Colorado at Boulder GO Warm Coronal Rain on the Young Sun EK Draconis?

Thomas Ayres University of Colorado at Boulder GO Bridging STIS’s Neutral Density Desert

Martin Barstow University of Leicester GO Verifying the White Dwarf Mass–Radius Relation with Sirius B and other 
Resolved Sirius-like Systems

Timothy Beers Michigan State University GO The Origins of Carbon-enhanced Metal-poor Stars

Gurtina Besla Harvard University AR Modeling the Star-formation Histories and Kinematics of the Magellanic 
Clouds

William Blair The Johns Hopkins University GO Stellar Life and Death in M83: A Hubble–Chandra Perspective

Howard Bond Space Telescope Science Institute GO HST Observations of Astrophysically Important Visual Binaries: 
Calibrating Sirius and Procyon

Howard Bond Space Telescope Science Institute GO The Light Echoes around V838 Monocerotis

Sanchayeeta Borthakur The Johns Hopkins University GO Probing ISM in the Stellar Disk of Dwarf Galaxy GQ1042+0747

Adam Burgasser University of California – San Diego AR Shy Dimwits: A Search for Cold and Distant Brown Dwarfs in WFC3 
Near-infrared Slitless Grism Archival Data

John Cannon Macalester College GO Fundamental Parameters of the SHIELD Galaxies

Paul Crowther University of Sheffield GO A Massive-Star Census of the Starburst Cluster R136

Michael Cushing Jet Propulsion Laboratory GO Confirming Ultra-cold (Teff < 500K) Brown Dwarf Suspects Identified 
with WISE

Andrea De Luca Instituto Universitario de Studi 
Superiori Pavia

GO Imaging the Crab Nebula when it is Flaring in Gamma-rays

Andrea Dieball University of Southampton GO Beyond the Hydrogen-burning Limit: Deep IR Observations of the 
Globular Clusters M4 and NGC 6397

Reginald Dufour Rice University GO Carbon and Nitrogen Enrichment Patterns in Planetary Nebulae

Trent Dupuy Harvard University GO Very Low-mass Pleiades Binaries

Martin Durant University of Florida GO Thermal Emission from the Famous Double Pulsar J0737–3039

Francesco Ferraro Universita di Bolognà GO COSMIC-LAB: Double BSS Sequences as Signatures of the Core 
Collapse Phenomenon in Star Clusters

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

Robert Fesen Dartmouth College GO Imaging the Distribution of Iron in SN 1885 in M31

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

Alex Filippenko University of California – Berkeley GO Tracking the Continuing Evolution of SN 1993J with COS and WFC3

Alex Filippenko University of California – Berkeley AR The Local Environments of Supernovae from Archival HST Images

Ryan Foley Harvard-Smithsonian Center for 
Astrophysics

GO Understanding the Progenitor Systems, Explosion Mechanisms, and 
Cosmological Utility of Type Ia Supernovae

Andrew Fox University of Cambridge GO Ionization in the Magellanic Stream: A Case Study of Galactic Accretion

Miriam Garcia Instituto de Astrofísica de Canarias GO Winds of Very Low-metallicity OB Stars: Crossing the Frontier of the 
Magellanic Clouds

Oleg Gnedin University of Michigan GO The True Origin of Hypervelocity Stars
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Cycle 19 Approved Programs
PI name PI institution Type Title

Martin Guerrero Instituto de Astrofísica de Andalucia GO Peering into the Cat’s Eye with STIS

Theodore Gull NASA Goddard Space Flight Center GO Constraining the Evolutionary State of the Hot, Massive Companion Star 
and the Wind-wind Collision Region in Eta Carinae

William Harris McMaster University GO The Scale Sizes of Globular Clusters: Tidal Limits, Evolution, and the 
Outer Halo

Thomas Harrison New Mexico State University AR Fine Guidance Sensor Parallaxes for Four Classical Novae

D. Hillier University of Pittsburgh AR Advancing Spectroscopic Analyses of Hot Stars and Supernovae

Wei-Chun Jao Georgia State University Research 
Foundation

GO The Weight-watch Program for Subdwarfs

Robert Kirshner Harvard University GO UV Studies of a Core-collapse Supernova

Vera Kozhurina-Platais Space Telescope Science Institute AR The Nature and Origin of Multiple Populations in Magellanic Clouds 
Stellar Clusters

Daniel Lennon Space Telescope Science Institute GO Proper Motions of Massive Stars in 30 Doradus

Douglas Leonard San Diego State University GO The Final Word on the Progenitor of the Type II-Plateau Supernova  
SN 2006ov

Michael Liu University of Hawaii GO Bridging the Brown Dwarf/Jupiter Temperature Gap with a Very Cold 
Brown Dwarf

Knox Long Space Telescope Science Institute GO The Remarkable Young Supernova Remnant in NGC 4449

Peter Lundqvist Stockholm University GO The Crab Halo

Dougal Mackey Australian National University GO Probing the Outer Limits of a Galactic Halo—Deep Imaging of 
Exceptionally Remote Globular Clusters in M31

Derck Massa Space Telescope Science Institute GO The Origin of Wind Variability in CSPNe and its Connection to OB Star 
Wind Variability

Philip Massey Lowell Observatory GO Probing the Nature of LBVs in M31 and M33: Blasts from the Past

Robert Mathieu University of Wisconsin – Madison GO The Nature of the Binary Companions to the Blue Straggers in the Old 
Open Cluster NGC 188

Justyn Maund University of Copenhagen, Niels 
Bohr Institute

GO Stellar Forensics III: A Post-explosion View of the Progenitors of Core-
collapse Supernovae

Edmund Nelan Space Telescope Science Institute GO The White Dwarf Mass–Radius Relation Based on Dynamical Masses: 
STIS Observations of Close Double Degenerates

Quentin Parker Macquarie University GO A New Lead on the White Dwarf Initial-to-final Mass Relation

Ruth Peterson Astrophysical Advances GO Primordial Carbon Abundances in Extremely Metal-poor Stars

Giampaolo Piotto Universita di Padovà GO Advances in Understanding Multiple Stellar Generations in Globular 
Clusters

Charles Proffitt Space Telescope Science Institute GO Testing Rotational Mixing in Massive Stars: Boron in the Galactic Open 
Cluster NGC 3293

Robert Quimby California Institute of Technology GO Enabling High-z Discoveries through UV Spectroscopy of Low-redshift 
Super-luminous Supernovae

John Raymond Harvard-Smithsonian Center for 
Astrophysics

GO Dust Destruction in the ISM: The Cygnus Loop Blast Wave

Alvio Renzini Osservatorio Astronomico di Padovà GO A ‘Rosetta Stone’ to Interpret the UV-HST Photometry of Multiple Stellar 
Populations in Globular Clusters

Armin Rest Space Telescope Science Institute GO Spectral Time Series of the Cas A Supernova

Noel Richardson Georgia State University Research 
Foundation

GO The Current Ultraviolet Spectrum of S Doradus: As Hot as it Gets
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Cycle 19 Approved Programs
PI name PI institution Type Title

Stephen Ridgway National Optical Astronomy 
Observatory

GO Convection and Mass Loss through the Chromosphere of Betelgeuse

Julia Roman-Duval Space Telescope Science Institute GO A Direct CO/H2 Abundance Measurement in Diffuse and Translucent 
LMC and SMC Molecular Clouds

Philip Rosenfield University of Washington AR Placing Observational Constraints on Massive-star Models

Robert Rubin NASA Ames Research Center GO Fine-scale Density, Temperature, and Ionization Fluctuations: Their 
Effect on Abundance Determinations

Pilar Ruiz-Lapuente Universidad de Barcelona GO High-Precision Proper Motion Measurements of the Stars in the Field of 
SN 1572 with WFC3/UVIS

Raghvendra Sahai Jet Propulsion Laboratory SNAP Newly Discovered LMC Preplanetary Nebulae as Probes of Stellar 
Evolution

Kailash Sahu Space Telescope Science Institute GO Accurate Mass Determination of the Old White Dwarf GJ 3392 through 
Astrometric Microlensing

Olivier Schnurr Astrophysikalisches Institut Potsdam GO Weighing the most Luminous Main-sequence Star in the Galaxy

Gregory Schwarz American Astronomical Society GO STIS UV Spectroscopy of a Bright Nova during its Super-soft X-ray 
Phase

Nathan Smith University of Arizona AR Reconstructing the Outburst History of Eta Carinae from WFPC2 Proper 
Motions

Theodore Snow University of Colorado at Boulder GO A Multispectral Survey of the Translucent Cloud in front of HD 204827

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

R. Tully University of Hawaii SNAP The Geometry and Kinematics of the Local Volume

Roeland van der Marel Space Telescope Science Institute GO Proper Motions along the Sagittarius Stream: Constraining Milky Way 
Parameters and Dark Halo Shape

Daniel Weisz University of Washington AR Measuring the Star-formation History of Omega Centauri

Klaus Werner Universität Tübingen, Institut für 
Astronomie & Astrophysik

GO What is the Origin of the Hottest known White Dwarf?

Brian Wood Naval Research Laboratory GO In Search of a Young Solar Wind

Andreas Zezas Harvard-Smithsonian Center for 
Astrophysics

AR Dissecting the Accreting Binary Populations in nearby Spiral Galaxies

Large Programs
Thomas Brown Space Telescope Science Institute GO The Formation History of the Ultra-faint Dwarf Galaxies

Richard Ellis California Institute of Technology GO Did Galaxies Reionize the Universe?

Timothy Heckman The Johns Hopkins University GO Understanding the Gas Cycle in Galaxies: Probing the Circumgalactic 
Medium

Kailash Sahu Space Telescope Science Institute GO Detecting and Measuring the Masses of Isolated Black Holes and 
Neutron Stars through Astrometric Microlensing

David Sing University of Exeter GO An Optical Transmission Spectral Survey of Hot-Jupiter Exoplanetary 
Atmospheres

Treasury Programs
Harry Teplitz California Institute of Technology GO The Panchromatic Hubble Ultra Deep Field: Ultraviolet Coverage

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

Michele Trenti University of Colorado at Boulder GO The Brightest of Reionizing Galaxies Pure Parallel Survey



JWST Flagship
Jason Kalirai, jkalirai@stsci.edu 

Astronomical research progresses along various avenues, including ground-based and space-
based observations, archival data analysis, and theoretical calculations. This variety of methods 
provides astronomers with diverse tools to perform science, which often leads to synergistic 

combinations that are uniquely configured to answer tough questions. In this context, NASA’s flagship 
missions, such as the Hubble Space Telescope, represent one of the most important components of the 
astrophysics portfolio. Flagship missions have a special ability to characterize astrophysical objects by 
pushing the boundaries of a photon-limited science. The advantages of a flagship mission are stable, 
high-resolution, and ultra-deep observations, both in imaging and in spectroscopy. Missions like NASA’s 
Great Observatories go a step further, beyond the hardware, to ensure the intellectual follow-through 
of the research. They match the investment in hardware with grants to individual astronomers, who 
perform the observational, computational, and theoretical investigations that produce the science payoff. 
In fact, research funding tied to the Great Observatories accounts for 40% of all NASA research fund-
ing through grants per year. This supports many hundreds of awards each year to U.S. astronomers, 
including postdoctoral researchers, and PhD students.

JWST is the immediate future of NASA’s flagship missions. In its near- and mid-infrared wavelength 
domain, JWST is orders of magnitude more powerful than the Hubble and Spitzer Space Telescopes. 
JWST will provide the same synergy to the Astro2010 priorities—Large Synoptic Survey Telescope 
and Wide-Field Infrared Survey Telescope that Hubble and Spitzer currently provide to Keck, Gemini, 
and the Very Large Telescope.

“What can JWST do for me?”

To help the astronomical community 
answer this basic question for themselves, 
the Institute has released prototype JWST 
exposure time calculators (ETCs; http://
jwstetc.stsci.edu/etc/ ). They support the 
four JWST primary instruments, which span 
the wavelength range 0.6–28.3 microns and 
offer multiple imaging and spectroscopic 
modes. We expect the new ETCs will help 
potential users realize JWST ’s power for revo-
lutionary observations, not only on JWST ’s 
iconic science themes, but also on the broad 
frontiers of planetary, stellar, and galactic 
astronomy. Indeed, in just the first 30 days 
after the release of the ETCs, the community 
used them for almost 2,000 calculations.

For further discussion of JWST ’s science 
impact, see the accompanying article “Frontier 
Science Opportunities with JWST,” elsewhere 
in this Newsletter.

In addition to the ETCs, we have focused 
on understanding the execution of JWST sci-
ence programs from all angles. A number of 
“champions” have signed on to follow topics 
such as: the calibration program; the analysis of data from an integral field unit or multi-object spectro-
graph; observatory efficiency; support for coronographic observations; and the requirements for highly 
accurate photometry. These champions have formed inter-mission working groups—especially with 
the Hubble teams—to anticipate science-operational issues and to recommend strategies to maximize 
observational efficiency. To this end, we have developed more than a dozen observing scenarios to 
learn, for example, the subtleties of observing campaigns such as: deep-field probes of high-redshift 
galaxies; spectroscopy of the Galactic center; imaging of circumstellar debris disks; and observations 
of transiting planets.

We welcome community involvement developing JWST science operations. To contribute, please visit 
http://jwstinput.wikidot.com/ and or email us at jwst_input@stsci.edu.
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Figure 1: Prototype exposure time calculator for JWST;  http://jwstetc.stsci.edu/etc/.



Recent mission milestones

Technical progress on the JWST mission continues, and several key milestones were completed in 
early 2011. The assembly of Near-Infrared Camera has begun (see accompanying article by M. Rieke 
and M. Robberto). The assembly of the Near-Infrared Spectrometer (NIRSpec) was completed, and the 
instrument passed its first full cryogenic test and saw first light. All of the NIRSpec instrument modes 
appear to function nominally. The final hardware contribution from the U.S. to the Mid-Infrared Instrument 
(MIRI) was delivered to the European Space Agency. MIRI is fully assembled and completed 86 days 
of testing in a cryogenic vacuum chamber. MIRI also saw its first light, and the resulting images look 
exactly as predicted. Functional testing of the Fine Guidance Sensor (FGS) flight software is continuing 
at the certification lab at the Goddard Space Flight Center, and the final cryogenic performance test 
of the FGS hardware is scheduled to begin in October at the Canadian Space Agency’s (CSA’s) David 
Florida Lab near Ottawa. 

JWST ’s Integrated Science Instrument Module, which houses the instruments, is also making progress. 
To confirm that it will operate successfully after the rocket launch into space, the engineering team at 
GSFC recently exposed it to ten times the force of Earth’s gravity.

Northrop Grumman, the JWST prime contractor, has completed the assembly stand, which is the 
final piece of equipment needed for assembling and testing the telescope’s optical system. The stand, 
which weighs 139,000 pounds, will support the weight of the entire telescope.

The production of JWST ’s primary mirror segments has been a top technical achievement. From 
mining the beryllium in Utah, to final cryogenic testing at the Johnson Space Center in Texas, the mirror 
manufacturing process has involved tasks at 14 locations across the country. All 18 of the primary 
mirror segments, and the secondary, tertiary, and FSM, have completed both final polishing and gold 
coating. The reflectivity of the mirrors is excellent. 12 of the 18 primary mirror segments have also 
completed final cryogenic testing at the Marshall Space Flight Center. From the post cryogenic tests, the 
projected surface figure error for the 18 segment primary mirror is <25 nm and meets the requirement.

Overall project status

In response to the Independent Comprehensive Review Panel’s report, the project has been elevated 
at NASA headquarters and placed outside the Astrophysics Division. JWST now has a new program 
director, Rick Howard, who reports directly to the NASA Associate Administrator Chris Scolese. At 
GSFC, the project has a new program manager, Bill Ochs.

The JWST program is currently replanning the budget and schedule, and is working toward a 2018 
launch-readiness date. 

Astronomers can continue monitoring the status of JWST on our newly designed webpage at http://
www.stsci.edu/jwst/, and also on our “JWST Observer” Facebook page.
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Figure 2: All 18 of the JWST primary flight segments have completed gold coating. Image courtesy of  
M. Clampin (GSFC).

Figure 3: The first six gold-coated primary flight segments have undergone cryogenic testing at Marshall Space 
Flight Center.
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Frontier Science  
Opportunities with the 
James Webb Space  
Telescope
Wendy Freedman, wendy@obs.carnegiescience.edu and Jason Kalirai, jkalirai@stsci.edu

The Space Telescope Science Institute hosted the “Frontier Science Opportunities with JWST” 
meeting on June 6–8, 2011. The meeting brought together nearly 200 astronomers from around 
the world, including many students and postdoctoral researchers. The goal of the meeting was 

to critically review the science potential of JWST. The meeting also provided an 
opportunity to educate the next generation of astronomers about the role that 
JWST is expected to play in addressing the top science questions outlined by 
Astro2010, the recent decadal survey of astronomy and astrophysics.

The three-day meeting on JWST was a mix of invited and contributed talks 
spanning virtually every aspect of modern astronomical research. Limitations 
on the length of presentations ensured that more than one-third of the meeting 
was devoted to discussions between the audience and the speakers. As a result, 
most talks were followed by in-depth analyses of how specific science topics 
could be addressed by JWST. In addition, these discussions identified a variety 
of implicit support requirements for the JWST science program, such as the 
need for pipeline scripts to efficiently reduce spectroscopic data obtained by 
an integral field unit and multi-object spectrograph, software tools to analyze 
coronagraphic observations, and steps that might be taken to ensure the avail-
ability of the multispectral observations, from short to long wavelengths, that 
will be needed to provide context and identifications for JWST observations. 

The range of science presented at the Frontiers meeting provided dramatic 
illustrations of the unique role that JWST will play across the frontiers of 
astronomy, from studying of our Solar System neighbors to probing the distant 
beginnings of time. Spectroscopic observations of Neptune and Uranus using 

the Mid-Infrared Instrument (MIRI), to take atmospheric temperatures and shed light on cloud dynamics, 
might be followed in the observing schedule by deep searches for the first cosmic explosions, at the 
edge of the observable universe. The audience heard about new models that predict the blast profiles 
and light curves of core-collapsed and pair-instability supernovae, which suggest that JWST would 
capture a predicted late-time rise of the radiation as the fireball expands and cools over a span of 
greater than 300 days. If, as hoped, 25-meter class telescopes are operational in the JWST era, they 
will undoubtedly be used together. For example, imaging with JWST and spectroscopy from ground-
based telescopes, which could observe diagnostic spectral lines of supernovae at an early stage, will 
help distinguish between different progenitor classes.

The newly released, prototype exposure-time calculators (ETCs) for JWST (http://jwstetc.stsci.edu/
etc/ ) were an important tool for speakers, allowing them to establish the feasibility of their science 
programs. The ETCs revealed, for example, that the Near-Infrared Camera will measure the stellar mass 
function down to cool stars near the hydrogen-burning limit in stellar populations out to 25 kpc in less 
than ten thousand seconds of exposure time. Spectroscopy with the Near-Infrared Spectrograph will 
detect the phase curve of exoplanets around nearby M dwarfs in an hour of exposure, and also provide 
the first opportunity to characterize water features in the atmosphere of “ocean” planets with longer 
integrations. MIRI will provide sufficient sensitivity and angular resolution to map the 10- and 20-micron 
silicate emission features generated by circumstellar dust grains in debris disks in just several hours of 
exposure time. Sensitive imaging from JWST will also advance dark-energy research, and characterize 
departures from a flat universe through measurements of the Hubble constant with ~1% accuracy. 
Such an investigation would require a few hundred hours of surveying. 

The Frontiers meeting provided interesting insights on the core science themes of JWST. For example, 
several speakers emphasized that the search for the earliest galaxies requires criteria to ensure confidence 
that we have indeed found the earliest galaxies. One spectroscopic criterion would be the detection of 
[He II] and the non-detection of [O III]. Gravitational lensing at magnifications over 20 could measure 
galactic structure, test density profiles, and disentangle active galactic nuclei and star formation. 
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Infrared observations by JWST will clarify whether the integrated extragalactic background is related 
to energetic galaxy formation or poor subtraction of zodiacal foreground. 

The Kepler mission has discovered a zoo of planetary candidates in our own Galaxy. Follow-up obser-
vations of exoplanet transits and eclipses by JWST will clarify planetary sizes and provide information 
about atmospheric composition and thermal structure.

One highlight of the meeting was a special, rapid-fire poster session in which 40 presenters were 
given one minute to advertise their posters to the full audience of meeting participants. For many in 
the audience, this session connected research to faces, and led to enhanced discussion and interaction 
in the poster room during breaks. 

Another highlight was a special session for the JWST instrument PIs to give the status of their instru-
ments, and to summarize the recent work of their teams on calibration. Each PI reviewed instrument’s 
technical performance and scientific expectations.

The Frontier meeting demonstrated the astronomical community’s high interest in the JWST project. 
There was general agreement that resolving many of the most important issues in astrophysics calls for 
the sensitivity and resolution of JWST ’s imaging, spectroscopic, and coronagraphic modes. 

All presentations were recorded. So if you want to find out more about the conference, you can 
view them on the Institute webcast site (https://webcast.stsci.edu/webcast/ ), and download the 
slides as well.

The Institute welcomes community involvement in the on-going effort to support JWST and has 
created a forum for astronomers to provide suggestions and feedback, which might include science-
operational ideas for exploiting the telescope, or other ideas on how the best science will be achieved. 
To contribute, please visit http://jwstinput.wikidot.com/ and or send email to jwst_input@stsci.edu. 
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NIRCam Update
Marcia Rieke, mrieke@gmail.com, & Massimo Robberto, robberto@stsci.edu 

N IRCam (Near Infrared Camera) is the main imaging instrument onboard James Webb Space 
Telescope (JWST ) for the wavelength range 0.6–5 microns. In addition to serving as a powerful 
imager for the JWST core science goals, which range from cosmology and galaxy formation 

to star formation and exo-planets, NIRCam also plays a key role as a facility instrument. NIRCam will 
perform the wave-front sensing (WFS) functions needed to keep the primary-mirror segments—and 
in general, the entire telescope optical train (OTA, optical telescope assembly)—properly aligned. The 
optimal focusing of all JWST instruments depends critically on this instrument.

A team at University of Arizona and Lockheed Martin Advanced Technology Center (LM-ATC), under 
the direction of Principal Investigator Marcia Rieke, is building NIRCam.

Due to its vital role for the mission, NIRCam is designed as a double instrument, which maximizes 
redundancy while doubling the field of view for science observations. It is composed of two modules, 
and built on two separated optical benches that are mounted back-to-back (Figure 1). The modules 
are functionally identical, having matching optical and focal-plane components,1 and are mirror images 
of each other. 

NIRCam design

To illustrate the NIRCam layout, it is sufficient to refer to one of the two modules (Figure 2). First, a 
pick-off mirror that can be moved for focus and pupil alignment reflects the light coming from the OTA. 

The beam, folded by a slightly powered mirror, enters the 
collimator, a sophisticated, three-element lens group. Next, 
a dichroic beam-splitter reflects the wavelengths shorter 
than 2.3 microns and transmits wavelengths longer than 
2.4 microns, producing the short-wavelength (0.6–2.3 
microns) and long-wavelength (2.4–5 microns) channels 
of NIRCam. The layouts of the two channels are similar: 
the beam passes first through a filter-wheel assembly, 
comprising a filter wheel and a pupil wheel, and then 
through a second lens group, which finally relays the 
image onto the detector. 

The fields imaged by the short- and long-wavelength 
channels are the same. Nevertheless, the image-relay 
groups deliver very different image scales on each channel. 
In the short-wavelength channel the scale is 32 mas/
pixel, which corresponds to Nyquist sampling—five pixels 
subtend the diameter of the first Airy null—at 2.0 microns. 
In the long-wavelength channel the scale is 65 mas/pix, 
which corresponds to Nyquist sampling at 4.0 microns. 
On the HgCdTe Hawaii-IIRG 2k × 2k detectors in this 
channel, which have a 5-micron cutoff, the field of view 
is 2.2 × 2.2 arcmin. To cover this field of view on the 
short-wavelength channel, NIRCam utilizes a focal plane 
assembly (FPA) with four similar HgCdTe detectors (with 

2.5-micron cutoff) arranged in a 2 × 2 configuration. This FPA is equivalent to a 4k × 4k chip with a 
central gap between quadrants of about 50 pixels (1.6 arcsec). With 40 megapixels, NIRCam has more 
detector real estate than all of the optical and IR detectors ever flown on Hubble.

All NIRCam detectors can be operated simultaneously. A typical NIRCam image therefore looks like 
the one shown in Figure 3. The gap between the fields covered by the two modules is about 50 arcsec.

With two filter wheels per channel, each hosting 12 optical elements, NIRCam offers a rich comple-
ment of filters optimized for a wide variety of astrophysical programs. The full list of bandpasses of the 
29 NIRCam filters can be found on the recently redesigned NIRCam website at the Institute (http://
www.stsci.edu/jwst/instruments/nircam/ ). The remaining 18 positions—all but one on the pupil 
wheels—host the imaging and coronagraphic pupils and a variety of devices needed for self-calibration 
and WFS, such as masks, grisms, and weak lenses.

Besides conventional imaging, NIRCam provides two other observing modes: coronagraphy and 
low-resolution spectroscopy. Coronagraphy, available on both short- and long-wavelength channels, is 
enabled by a set of coronagraphic masks mounted on a transparent substrate at the telescope focal 
plane (immediately before the pick-off mirror). They lie just outside the area seen in regular imaging 

Figure 1: Rendering of the two NIRCam 
modules. The full redundancy of this 
critical element is elegantly achieved, 
having identical modules as mirror 
images of each other and mounted 
face-to-face on their baseplates. 

1 There are, however, differences in the ordering of the coronagraphic focal-plane masks.  24  

Figure 2: Functional elements of one of the two identical (mirror-image) NIRCam modules.



mode and therefore do not obstruct the standard field, but can be brought into 
view by inserting an optical wedge (also present in the pupil wheel) into the 
beam. A coronagraphic mask contains 3 circular spots with graded radial opacity, 
having FWHM = 6λ/D at l = 2.1, 3.35 and 4.3 microns, plus 2 bar occulters 
with sinc2 profiles and FWHM ranging from 2λ/D to 6λ/D for λ = 2.1 microns 
and 4.6 microns, respectively (Figure 4). Moderate-resolution (R ~ 1700) slitless 
spectroscopy is enabled by two grisms present in the long-wavelength channels, 
which are primarily intended for use for WFS through dispersed fringe sensing. 

Recent milestones

Instrument integration. Like other JWST instruments, NIRCam’s engineering 
test unit has been delivered to NASA Goddard Space Flight Center, after passing 
an extensive set of functional cryogenic tests, including a test of the wavefront 
sensing components (Figure 5). The flight instrument is being integrated at LM-ATC 
(Figure 6). The tests in cryogenic conditions are expected to begin at LM-ATC in 
January 2012, with delivery to Goddard planned for mid-August 2012. 

Detector redesign. Test data obtained on NIRCam detectors at the University 
of Arizona over the last year have shown a temporal increase of the fraction of 
pixels with exceedingly high dark current. This trend, confirmed by other teams, 
raised the concern that the JWST HgCdTe detectors might not match requirements 
by the time of launch. The JWST project initiated a detector-degradation failure 
review board (DD-FRB), which aggressively investigated the root cause of the 
detector degradation. The DD-FRB found a design flaw in the barrier layer of the 
pixel interconnect structure (indium bumps between the detector layer and the 
silicon multiplexer). This causes the formation of an AuIn2 intermetallic alloy that 
degrades the electrical properties of the circuit. Working with Teledyne Imaging 
Sensor, the DD-FRB has formulated a specific and practical method to fabricate 
an effective barrier layer to eliminate the design flaw in a newly manufactured 
generation of detectors. A plan for production, screening and accelerated life tests 
has been set in place, and the new detectors should start to become available 
within two years.

NIRCam performance and the planning of observations. Broadly speaking, the 
point-source sensitivity of NIRCam ranges between 1 nJy (the sensitivity limit reached 
with several hours of integration in broad-band filters) to 1 mJy (the saturation limit in the 
shortest exposures). To optimally cover such a broad dynamic range—15 magnitudes—
the instrument allows for several different readout modes, all based on non-destructive 
multiple sampling of the accumulating signal. To craft a NIRCam observation, users will 
need to select the optimal readout mode according to the brightness of their target. They 
will also need to adopt a suitable mosaic strategy, which is necessary to cover the gaps 
between the short-wavelength detectors and the two modules, as well as to improve the 
photometric and astrometric accuracy through finer dithering. Other constraints, such 
as the flux of cosmic rays, schedulability of an observation, data volume, overheads and 
general efficiency of the observatory must also be taken into account. 

The NIRCam team at the Institute is working on the definition of these optimal strategies. 
The goal is to consistently achieve the highest signal-to-noise ratio and best science products. 
Users will be provided with planning and analysis tools that are both simple and effective. 
Two useful tools have been already released, and are available on the NIRCam webpage.

WebbPSF is a program to model the point-spread functions (PSFs) of JWST. It models 
monochromatic and broadband PSFs, optionally incorporating source spectra and filter 
functions. Source spectra, representing a range of stellar types, are included in the pack-
age, plus a selection of idealized filter functions. 

The ASTRONOMER’S PROPOSAL TOOL (APT), the operational tool for writing Hubble proposals, 
is being modified to also write JWST proposals. To get a preview of what a JWST proposal might look 
like, download the current operational version of APT and click on File>New>New JWST Proposal. 
The observation templates generally reflect existing on-board scripts and may not yet implement all 
eventual functionality.

We have also developed a simplified exposure-time calculator, based on the one currently available 
for WFC3, which has found wide applications, such as preparing for the “Frontier Science Opportunities 
with JWST” workshop held at the Institute in June 2011. 

Stay tuned!
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Figure 3: Example of the ten images from a single NIRCam 
exposure. The five upper images are produced by Module A; the 
five lower images are produced by Module B. The eight images in 
the left column, arranged in two 2 × 2 blocks, are produced by the 
short-wavelength FPAs, whereas the images in the right column 
are produced by the long-wavelength detectors. For the purpose 
of illustration, the galaxies are shown twice as large and a quarter 
less dense than they would appear in a deep exposure. The image 
on the right has lower contrast to illustrate the brighter zodiacal 
background in the long-wavelength channel.

Figure 4: a NIRCam coronagraphic mask. Coronagraphic 
bars and the spots are visibile at the center of the 
substrate. The large squares are neutral density regions, 
5 × 5 arcsec wide, used for bright target acquisition.



Figure 5: A suite of images from the NIRCam engineering test unit under cryo-vacuum conditions at  
Lockheed-Martin ATC. The defocus in these images was produced by using the weak lenses. The suite is  
similar to what will be obtained on-orbit for aligning JWST ’s primary mirror segments.

Figure 6: The two optical benches of the NIRCAM flight model being assembled at Lockheed Martin-ATC.

  26  

NIRCam
from page 25



Keeping Hubble Productive
Brad Whitmore, whitmore@stsci.edu, & Karen Levay, klevay@stsci.edu 

One of the primary goals of the Space Telescope Science Institute is to help the astronomical com-
munity to maximize the science output from the Hubble Space Telescope. While science return is not 
always easy to define or measure, the number of papers published per year based on Hubble results 
is at least a quantifiable metric. Paper rates are the primary subject of this article.

Figure 1 shows Hubble papers per year since the telescope was launched in 1990. Apai et al., 2010 
(PASP, 122, 808) describe the methodology behind these data.

A major reason for Hubble’s increasingly high scientific productivity over the last decade is research 
using the Hubble archive. The number of papers based on the archive has risen from about 200 papers 
per year in 1998 to well over 400 in 2011, while the number of papers from general observer (GO) 

observing teams—and not using the archive—has remained roughly constant over the same period. 
Because the pool of Hubble archival users is an order of magnitude larger than the number of GOs 
each year, we must strive to make the archive as useful as possible. 

Apai et al. raise the question of whether the number of Hubble papers per year would increase or 
decrease if the mix of large and small programs were changed. They also comment that “only large 
programs have the potential to lead to high-impact articles and data sets with lasting legacy value.” Indeed, 
the high impact of large programs is part of the rationale for the Multi-Cycle Treasury Program (MCTP).

Figure 2 shows a comparison of the cumulative number of papers per orbit for Treasury programs, 
large (but not Treasury) programs, and normal GO programs. As a reminder, “large” programs are 
allocated more than 100 orbits, and are usually focused scientific projects with standard data proprietary 
periods. Treasury programs are generally on the same scale as large programs, but have broader 
scientific application, the data are released immediately, and the proposal team makes a commitment 
to produce high-level science products (HLSPs). We find that the cumulative paper counts per orbit for 
large programs are lower than for regular proposals. The Treasury programs, however, are the highest 
of the lot, which is a good sign for the future, since we are currently investing a relatively large fraction 
of observing time in this type of program.

The number of Treasury proposals in this sample is relatively low—11 for Cycles 11–15. Hence, it 
is possible that a single proposal might skew the distribution. Indeed, the highest outlier is the Great 
Observatories Origins Deep Survey (GOODS) program, with 414 papers using this data set! The dashed 
blue line shows the result with the GOODS program taken out, and even then the Treasury programs 
still look very productive.
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Figure 1: Number of papers by year of publication. The color coding is defined on the right side of the plot. Statistics are somewhat incomplete prior to 1998, as 
discussed in the Apai et al. 2010 article. Yellow arrows show the instruments installed or repaired during the last three servicing missions.

Definitions
“Totally Archival” means that the paper 
uses only Hubble datasets that were not 
proposed by the authors.

“Partially Archival” means that the paper 
uses some Hubble datasets that were 
proposed by the authors and some that 
were not.

“Guest Observer” means that the paper 
uses only Hubble datasets that were 
proposed by the authors.

“Not Assigned” means that the paper 
does not fit neatly into one of the above 
categories. 



An interesting question is why the Treasury programs appear to be better performers than the large 
programs. Some possibilities are: 

1)  To be selected, Treasury proposals must have legacy value, meaning the dataset will likely be 
of interest for a variety of other projects, and for a long period of time.

2)  Treasury programs produce more HLSPs, which users historically have drawn from the archive 
at ten times the rate of data from normal proposals. (See http://archive.stsci.edu/hlsp/
index.html for a list of available HLSPs.)

3)  The data from Treasury programs typically have shorter proprietary periods than large programs, 
meaning that the community has earlier access to the data. 

Note that the MCTPs appear to be doing well, with roughly one-third of their data already in hand. 
The results look exciting—the initial papers are starting to appear in the literature, and dozens of 
papers are currently in the works.

The typical production time for a Hubble paper is one to two years. Shortening this period of time 
would reduce the cycle time between each succeeding paper, hence increasing the overall number of 
papers per year. (See discussion in the summer 2010 Space Telescope Science Institute Newsletter, 
“Optimizing Science with the Hubble Space Telescope,” 27(01), 22; https://blogs.stsci.edu/news-
letter/2010/08/13/optimizing-science-with-the-hubble-space-telescope/ ). If you have an idea 
for something the Institute could be doing to help reduce the production time, please drop us a line.

A list of the Treasury, archival legacy, and large programs is available at http://archive.stsci.edu/
hst/tall.html. This website includes pointers to the websites of individual projects, and lists the papers 
based on the data sets (click on the paper counts in the last column). We may build a similar website 
for regular proposals, and we would be interested in readers’ opinions of whether this step would be 
beneficial—for example, to see a list of papers using the same dataset. 

We want to remind users to share their results with both the astronomical community and the public 
in a timely manner. In the coming years, to maintain support for Hubble, it will be important to keep 
Hubble highly productive scientifically and ensure that the public is well informed about the latest Hubble 
science and images. If you have results you think would be interesting to the public, please contact us, 
or our news director, Ray Villard (villard@stsci.edu).

Figure 2: Number of papers per orbit as a function of the number of years since the start of observations for 
the Treasury (solid blue), large (orange) and regular (green) programs. The dashed line shows the results for the 
Treasury proposals if the GOODS program is removed. For Treasury and large programs, we used Cycle 11–15 
programs, while for regular programs we used a random sample of 30 programs from the same time period.
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News for the Cosmic Origins 
Spectrograph
Justin Ely, ely@stsci.edu, for the COS team

The Cosmic Origins Spectrograph (COS) on Hubble continues to produce exciting science and 
accounts for nearly 18% of all guest-observer prime orbits allocated in Cycle 19. With such 
an abundance of interest and data, the calibration and characterization of the COS detectors 

continues at a fast pace in order to provide optimal science. 

Gain sag

The COS far-ultraviolet (FUV) channel employs a type of micro-channel plate detector known as a 
crossed delay line (XDL). This type of detector converts each UV photon into a shower of electrons, for 
which the detector electronics calculate the x and y coordinates and the total charge in the electron 
cloud, or the pulse height amplitude (PHA). Because XDL detectors need to operate at significantly 
higher gain than traditional micro-channel plate detectors, and thus each photon event extracts much 
more charge, prolonged exposure to light causes the detectors to become less efficient in converting 
photons to electrons. This is a phenomenon called “gain sag.” As a result, the peak of the PHA distribu-
tion slowly decreases. As it approaches the minimum threshold imposed by the COS data-reduction 
pipeline, CALCOS, target photons may be rejected as background events. Eventually, photons may be 
permanently lost. Gain sag appears first in the regions of the detector illuminated by bright airglow lines, 
as higher count rates translate into accelerated gain sag, but eventually it affects the entire spectrum.

An additional consequence of gain sag is 
less accurate registration of photon events 
in the cross-dispersion (XD) or y direc-
tion, commonly referred to as “y walk.” 
While y walk does not adversely affect 
the extracted one-dimensional science 
spectrum, it can reduce the accuracy of 
target acquisitions obtained in dispersed 
light—the PEAKXD mode. If the target is 
centered in the aperture but the y walk 
shifts its spectrum in the XD direction, then 
the PEAKXD algorithm will miscalculate its 
centroid and move the target away from 
the aperture center. Without a correction, 
we estimate that FUV dispersed-light target 
acquisitions would mis-center the target 
by ~0.4–0.5 arcsec. To prevent this, the 
COS team has implemented a change in the 
PEAKXD algorithm for acquisitions. The algorithm now ignores data from one of the two FUV detector 
segments, Segment B, when computing the spectral centroid. This change is advantageous because, 
due to the numerous Lyman-alpha airglow lines from observations taken with the G130M grating, the 
gain sag on Segment B is worse than on Segment A. As an additional change, the flight software now 
shifts the computed centroid up two pixels to account for the y walk on Segment A. Cycle 18 programs 
have been checked and modified as necessary to execute with this change, and for Cycle 19, version 
19.2 of the COS Exposure Time Calculator (ETC) computes the signal-to-noise ratio (SNR) for segments 
A and B separately for PEAKXD target acquisitions.

A correction for the y walk caused by gain sag has also been added to the upcoming version of 
CALCOS, which applies a correction to the y location based on the PHA for each photon event. This 
correction assumes a linear relation between the observed PHA and the y location of an event. The 
early results are quite encouraging. The effect of the correction on a highly sagged region of the FUV 
detector Segment B is shown in Figure 1.

In addition to correcting data that have already been affected by gain-sag, considerable effort is ongoing 
to decrease the impact on future data. As a first step to suppress the effects, on March 6, 2011, the 
FUV high voltage (HV) level in Segment B was successfully increased. This increase alleviated much of 
the effects of gain sag due to both bright airglow lines and the continuum itself. Analysis of data taken 
at the new HV value indicates that no recalibration is needed to accommodate this change, and that 
future adjustments to the HV may be used to mitigate gain-sag effects on the detectors. Nevertheless, 
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Figure 1: The y-walk correction applied to FUV G160M data from sensitivity monitoring programs #11897 and 
#12424. The region shown is from pixels 8800 to 9400, which encompasses the severe gain sag at x = 9100 
due to geo-coronal Lyman alpha. (Left) uncorrected, (right) corrected.



there are limits to the amount by which the HV can be raised, and the long-term solution to gain sag 
will be to move the spectrum to a new position in the XD direction. Preparations are currently underway 
to make this move, which will involve a recalibration of the instrument, by mid-to-late 2012. Between 
such position changes and HV adjustments, we expect to significantly extend COS’s operational lifetime.

Flat fields

The two segments of the COS FUV detector are affected by shadows on the detector from the 
repeller grid wires, often causing decreases in the observed flux by as much as 20% over 50 pixels or 
more. Previously, such regions have been flagged as bad, and have not contributed to final, summed 

spectra. Now, we have developed flat-field 
reference files that correct the effects of 
the grid-wire shadows. Figure 2 shows 
a high-SNR spectrum with and without 
the new grid-wire flat field applied. These 
new flat fields were implemented on April 
6, 2011, and have since been applied to 
on-the-fly-recalibrated COS data obtained 
through the archive. 

Data taken with the COS near-ultraviolet 
(NUV) detector show vignetting in obser-
vations of external targets. We think this 
is caused by the optical beam partially 
missing a set of mirrors in the optical path 
and is characterized by a linear ramp down 
to a 20% depression along the first ~150 
pixels at the shortest wavelengths of each 
spectral stripe. Earlier, we had added a 
correction for this effect to the NUV flat-
field reference files, because the vignetting 
appeared to be stable. Recently, however, 
analysis of high-SNR data obtained during 
Cycles 17 and 18 reveals that the location 

and depth of the vignetting is not constant, but instead varies with the location of the spectrum in the 
direction of the dispersion. Therefore, we have removed the static correction from the flat field while 
investigating a variable correction. A new NUV flat field, without the correction, has been used in on-
the-fly-recalibration of COS data obtained through the archive since February 14, 2011.

FUV sensitivity trends

Regular monitoring of the sensitivity of the FUV channels continues, and has revealed a change in 
the rate at which the sensitivity decline is occurring, as well as in its behavior with wavelength. The new 
trends show that, around mid-March 2010, the rate of sensitivity decline slowed markedly and became 
nearly wavelength independent. Previously, we observed variation at a given wavelength with different 
gratings and detector segments. The sensitivity decline is now in the range 3–4% per year between 
1100 and 1800 Å. Version 19.2 of the ETC uses the sensitivities projected to April 2012 (mid Cycle 
19), and the estimated exposure times will be appropriate for all Cycle 19 observations. 

We used the new data to establish time-dependent sensitivity reference files, which were delivered 
on March 18, 2011, to the calibration database system, and are now used in on-the-fly-reprocessing 
of COS data obtained through the archive. The updated results of monitoring spectroscopic sensitivity 
are described in COS Instrument Science Report (ISR) 2011-02 (http://www.stsci.edu/hst/cos/
documents/isrs/ISR2011_02.pdf). 

NUV dark rate

The dark rate of the COS NUV detector continues to increase linearly with time. At present, the mean 
dark rate is about 5.5 × 10-4 counts/sec/pixel. If the established trend continues, the mean dark rate 
will reach a level of about 7.3 × 10-4 counts/sec/pixel by the middle of Cycle 19, and we have adopted 
this latter value for use in the Cycle 19 ETC. 
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Figure 2: G130M FUVB spectrum of WD0320-539 both with (bottom) and without (top) the grid-wire flat-field 
correction.  Red lines mark the grid-wire shadow locations. 
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STIS Update
Van Dixon, dixon@stsci.edu

Effects of Imperfect CTE on Scientific Observations with STIS

A fter more than 13 years on orbit, the charge-coupled device (CCD) detector in the Space 
Telescope Imaging Spectrograph (STIS) shows the effects of accumulated radiation damage. 
In particular, its charge-transfer efficiency (CTE)—the fraction of charge successfully moved 

between adjacent pixels during readout—continues to decline. When this number is less than unity, 
some fraction of its counts trail behind a bright pixel in one or both dimensions of the image. CTE 
trails have three effects. First, they remove counts from the data, reducing the observed flux in both 
spectroscopic and imaging observations. Second, they distort the images of stars 
and other targets, introducing a systematic bias into astrometric measurements. 
Third, the trails from cosmic rays and hot pixels that lie between the target and 
the read-out amplifier (down-stream trails) add noise to the target’s spectrum 
or image. Tools to correct the photometry and astrometry of point sources are 
available, but they are not applicable to extended sources and do not reduce 
the noise imparted by CTE trails. In this article, we explore the effects of CTE 
on imaging and spectroscopic observations with STIS. Additional details are 
provided in STIS ISR 2011-02 (http://www.stsci.edu/hst/stis/documents/
isrs/201102.pdf).

In recent observing cycles, most STIS CCD imaging has used the coronagraphic 
mask to study circumstellar disks and planets. When a bright star is placed behind 
the mask, the stellar point-spread function (PSF) extends across the field, filling 
the charge traps like a pre-flash. Near the star, CTE effects are negligible; farther 
away, they begin to reappear. Figure 1 presents a coronagraphic image of the 
field around the bright (V = 1.16) star Fomalhaut. The image is constructed from 
seven separate exposures, combined with a median filter to reject cosmic rays 
(CR-SPLIT = 7). The star lies to the right, about 33'' from the image center. 
Hot pixels within about 20'' of the star do not show CTE trails, but those farther 
away do. (For reference, the median pixel value approximately 20'' from the star 
is ~200 electrons in each CR-SPLIT image.) The extent of the CTE-free zone 
varies with the stellar brightness and exposure length.

To explore the effects of CTE trails on faint spectra, consider the pair of faint 
(V = 18) supernova spectra (program 11721, PI: R. Ellis) plotted in Figure 2. Both were observed in 
late 2009 with grating G430L for a total of 2300 seconds using CR-SPLIT = 3, but one was placed 
at the center of the CCD (Y ~ 512; red curve), while the other was placed at the E1 position (Y ~ 900; 
black curve), closer to the read-out amplifier (Y = 1024). The spikes in both spectra are down-stream 
CTE trails. Though the two exposures were obtained under similar conditions, the red spectrum shows 
many more trails than does the black. 

Some simple statistics can help to quantify the noise imparted by CTE trails. We normalize both 
spectra (using a smoothed version of the E1 spectrum as a template) and consider the region between 
4300 and 5600 Å. The mean and standard deviation of the central (red) spectrum are µ = 1.16 and 
σ = 0.46, corresponding to a mean signal-to-noise ratio (S/N) per two-pixel resolution element of 
3.07 (µ/σ × √2). The values for the E1 (black) spectrum are µ = 1.00, σ = 0.09, and S/N = 16.6. 
The use of the E1 position significantly reduces contamination by CTE trails, but it is not a panacea. 
When given our template spectrum as input, the STIS exposure-time calculator (ETC) estimates that a 
2300-second exposure with CR-SPLIT = 3 would yield a spectrum with S/N between 25 and 45 per 
two-pixel resolution element in this wavelength range. The mean S/N of the E1 spectrum is less than 
half this value. (Vignetting at the E1 position is responsible for roughly 10% of this discrepancy.) Faint 
CTE trails thus represent an important souce of noise that is not included in the ETC. 

A pixel-based CTE correction, similar to that under development for ACS, will eventually be available 
for STIS. Unlike current CTE correction algorithms, it will be applicable to both point and extended 
sources, and it will reduce the noise imparted by down-stream CTE trails to both spectroscopic and 
imaging data. Until then, juducious use of scattered light in coronagraphic images and the E1 position 
for spectroscopic observations can reduce the impact of CTE effects on STIS CCD data.

Figure 1: Coronagraphic image of the field 
around the star Fomalhaut, courtesy of Paul 
Kalas. Only a fraction (360 × 275 pixels) of 
the full (1024 × 1024 pixels) image is shown. 
The lower part of wedge A is visible; the star 
lies ~33'' to the right of the image center. 
CTE trails become increasingly apparent at 
greater distances from the star. (Dataset 
ob7919010, 2010/09, Cycle 16, program 
11818, PI: P. Kalas.)



  32  

STIS
from page 31

Figure 2: Spectra of two faint (V ~ 18) supernovae observed with the STIS CCD. The red curve (obd702010; 
2009/09) was obtained at the center of the CCD and shows numerous CTE trails from down-stream cosmic 
rays and hot pixels. The black curve (obd704010; 2009/10) was obtained at the E1 position (Y ~ 900), closer 
to the read-out amplifier. (From the Cycle 17 program 11721, PI: R. Ellis.)

WFC3 Flat Fields
Elena Sabbi, sabbi@stsci.edu, & John MacKenty, mackenty@stsci.edu

A key step in calibrating imaging data from Wide Field Camera 3 (WFC3) is correction for 
variations in sensitivity as a function both of the spectral energy distribution of the incoming 
light, and of position within the field of view. In a task generically known to astronomers as 

“flat fielding,” the raw data must be corrected for differences in the detectors’ pixel-to-pixel response, 
and for structures introduced by the illumination patterns within the instrument. Normally, flat-fielding 
corrects these variations by normalizing the data to produce a uniform illumination of the detector with 
light through the entire optical path of the telescope. 

In the spring and summer of 2008, prior to the installation of WFC3 in Hubble, the WFC3 team 
conducted an extensive calibration program, which created high signal-to-noise flat fields for all the 
WFC3 filters. For both ultraviolet–visible (UVIS) CCDs (Sabbi et al. 2008), and the infrared (IR) mercury-
cadmium-telluride array (Bushouse 2008), the flat fields were taken in a thermal-vacuum chamber at 
the Goddard Space Flight Center, using a simulator of the Hubble optics that emulated sky illumination 
on the detector. 

Soon after WFC3’s installation, as expected, the tests performed showed that the ground-based 
flat fields do not fully remove the low- and intermediate-frequency structures (Sabbi 2009, Hilbert  
et al. 2009). Residuals of the order of five percent remained, due to differences between the ground 
illumination simulator and the actual Hubble telescope.

Strategies for the creation of improved in-flight flat fields

Building upon the experience with prior Hubble imaging instruments, the WFC3 team followed three 
strategies to refine the flat-field calibrations in flight. First, internal lamps were used to measure the 
high spatial frequency (pixel-to-pixel) variations in flat fields, as compared with measurements with the 
same lamps during ground tests. These measurements demonstrate that the high spatial frequencies 
have remained very stable (better than 1 percent) over the nearly two years since WFC3 was first 
calibration in flight.

Second, observations of the rich globular cluster Omega Centauri at multiple pointings established 
a set of low spatial frequency corrections to the ground flat fields in ten UVIS and five IR filters. In this 
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process, the WFC3 team used the same software and methodology designed for ACS to remove the 
residual structures (Mack et al. 2002; van der Marel 2003). 

In the third strategy, we observed external sources with nearly uniform illumination. Unlike at 
ground-based observatories, where the inside of the dome or the twilight sky provides uniform 
illumination, this operation is more difficult for Hubble. In visible light, the sunlit Earth can be a 
suitable target with narrow filters, but streaks due to clouds and ocean glints pose significant 
limitations. In broader UVIS filters, and in the infrared, we have had some success using the 
moonlit, dark Earth, and we expect more results over the next year. At present, these “Earth 
flats” serve to validate the low spatial frequency corrections derived by other means, while we 
explore the longer term potential.

Success with new WFC3/IR channel flat fields

The WFC3 IR channel was designed to be background-limited in its broad-band filters. 
Thus, count rates from zodiacal light average about one electron per pixel per second. The 
flat fields used to calibrate IR data are a combination of ground-based flat fields and a low-
frequency correction derived by stacking over 2000 exposures acquired in surveys of distant 
galaxies. Astronomical sources, such as galaxies and foreground stars, were removed from the 
images before the stacking. Smoothing these stacked images produces flat fields at low (and 
mid) spatial frequency that agree with those derived from the Omega Cen observations—but 
with significantly fewer artifacts and better signal-to-noise ratios. Fortunately, analysis of the 
wavelength dependence of these flat fields shows no significant deviations between filters, 
with a variation of less than 1% (Pirzkal et al. 2011). Figure 1 shows a qualitative comparison 
between the ground-based and the newly released flat fields. 

Based upon the demonstrated wavelength independence, new IR flat-fields for all filters using 
an averaged correction were released on December 7, 2010. After this date, data retrieved 
from the Hubble archive are processed using these new reference files. As additional data are 
accumulated, we will release improved versions of these flat field calibrations. 

Development of improved WFC3/UVIS flat fields

With the exception of seven broadband filters (namely F336W, F390W, F438W, F555W, 
F606W, F775W, and F814W), the calibration pipeline for the UVIS channel still uses the ground-
based flat fields, which show a wedged-shape region that extends diagonally from quadrant A 
to quadrant D and covers 40% of the area (Figure 2). We know from aperture photometry of 
stars in the globular clusters 47 Tucanae and Omega Cen that the flux of a star on the wedge 
is up to ~3% fainter than when it is observed off the wedge.

Observations of the moonlit limb of the Earth show that the wedge-shaped feature is the 
result of the superposition of four ghosts, rather than a real change in sensitivity. Multiple reflections 
of light between the detector and its enclosure windows cause the ghosts. The WFC3 team is now 
using a geometric model of the tilted focal plane of the UVIS channel to remove this feature from the 
UVIS flat fields (Stiavelli et al. 2001; McCullough 2011). Once the correction for the flare is applied, 
the remaining low-frequency structures are at the ~1–2% level. 

New flat fields corrected for both flare and the remaining low-frequency structure have been recently 
released for seven of the most-used broadband filters (F336W, F390W, F438W, F555W, F606W, 
F775W, and F814W). Data retrieved from the Hubble archive in these filters after August 8, 2011 will 
be processed using these new reference files.
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Figure 1: Comparison images of a Hubble Ultra Deep 
Field in the F160W filter. The ground-based flat field was 
used in the top panel, and the newly released flat field 
was used in the bottom. Most of the background structure 
visible in the upper panel is gone in the lower panel.

Figure 2: Model of the four wedge-
shaped features used to remove 
the flare from the UVIS flat fields.
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New Focus Tool for  
Estimating Hubble’s PSF
M. Lallo, lallo@stsci.edu, C. Cox, cox@stsci.edu, S.-M. Niemi, niemi@stsci.edu,  
G. Hartig, ghartig@stsci.edu, and R. van der Marel, marel@stsci.edu 

Knowing the point-spread function (PSF) in Hubble’s cameras is useful for several common 
steps in data analysis, such as centroiding stellar images in order to perform astrometry, 
estimating the total flux in stellar images to perform photometry with small field apertures, 

subtracting the wings of the stellar image for coronography of faint companions, and removing the 
instrumental signature of the PSF, by deconvolution, in order to discover the finest possible detail in 

an astronomical image. The Institute recently released an on-line tool to determine 
the Hubble focus—the main uncertain parameter in the PSF—which facilitates these 
analysis operations when the PSF cannot be adequately estimated from the data, and 
an independent handle on the time-dependent variations of focus is required.

The focus tool is built on our best thermal model of Hubble’s focus position. Knowing 
the focus, the latest version of TINY TIM can be used to estimate the PSF. The focus tool 
and TINY TIM capabilities are available to the community through a web page devoted 
to Hubble’s optical variations, and to the monitoring, modeling, and maintenance of 
its image performance (http://www.stsci.edu/hst/observatory/focus). 

Explanation of the new focus tool

Hubble is a Cassegrain telescope, with its primary and secondary mirrors supported 
by a graphite-epoxy truss. The design of this truss—and its system of passive thermal 
controls—ensure extreme stability of the optical alignment, especially the avoidance 
of non-axial movements of the telescope mirrors—so-called tip, tilt, and decenter. 
Hubble does, however, experience noticeable changes in defocus—the axial position 
of its focus—due to small, time-dependent variations in the separation of the primary 
and secondary mirrors. These axial movements are minute—usually between 1 and 5 
microns. Nevertheless, they can have observable effects on the PSF in images taken 
by Hubble ’s cameras. Their magnitude and temporal variation pose problems for 
science analyses striving to achieve the greatest possible dynamic range, astrometric 
or photometric accuracy, or reveal the smallest image details. 

Since the launch of Hubble in 1990, the telescope truss has shrunk by about 0.15 
mm—about 3 × 10-5 of its length—due to the slow outgassing of water in the graphite 
epoxy. To compensate for this drift and to preserve the quality of the Hubble PSF, 
commands from the ground have adjusted the axial position of the secondary mirror 
some 20 times. There remain, however, thermal fluctuations in the length of the truss 
due to the changes in the heating experienced by the spacecraft at different orientations 
and positions with respect to the Sun and Earth. As a result, the secondary mirror 
typically oscillates axially with an amplitude of 3–5 microns over a Hubble orbit. One 
micron of such movement at the secondary mirror (referred to as “despace”) produces 
at the instrument apertures, a resulting root-mean-square (RMS) wave-front error of 
~6 nanometers (of defocus). The thermal changes in focus vary on a timescale too 
short to allow active compensation. Nevertheless, our new services enable users to 
estimate the variations in focus at the times of their observations, and to perform 
limited correction of images long after the fact.

As explained at the website, astronomers use our new online service by first entering 
the date and time of the exposure in the focus-modeling tool. The tool looks up the 
truss temperatures at that time in the engineering record, and returns an estimate of 
the “despace” in microns. The focus-modeling tool can also plot the estimated despace 
together with measured values, if they are available (Figure 1).

After obtaining the value of despace, the user can use TINY TIM to convert the input 
despace value into focus error and generate the corresponding PSFs for any combination 
of camera, filter, chip, and pixel position. The output consists of links to FITS images 

of the modeled PSFs, together with documentary text files and graphics (Figure 2).
Historically, empirical methods for characterizing the Hubble PSF have been the most successful 

and effective, and we urge the observer to “self-calibrate” whenever practical. In many cases, however, 
model-based characterizations are the most convenient—and perhaps the only—method available. In 
such cases, our new service provides a standard solution. 

Figure 1: Example output product of the new focus-modeling 
tool. A set of focus measurements (red) is plotted with the 
model estimates for the same period (blue). The one-sigma 
accuracy of the model is ~1.6 microns of despace at the 
secondary mirror, or ~10 nanometers RMS focus error at the 
scientific instrument.

Figure 2: Example modeled PSF in the high-resolution 
channel of the Advanced Camera for Surveys for –2 microns 
of despace. 
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Currently, we have only limited experience using the new procedure for science characterizations. 
Therefore, we are anxious to get feedback from users in the community, especially any performance 
comparisons between the results of our focus model and results obtained by earlier models or empirical 
approaches.

Visualizing Hubble Data
Zolt Levay, levay@stsci.edu

The magical combination of art and science in Hubble color images has engaged a world-wide 
audience in astronomical exploration and discovery. This phenomenon has amazed and deeply 
gratified everyone working with Hubble, but perhaps most keenly the News Team in the Institute’s 

Office of Public Outreach, which produces the pictures. This article is a look behind the scenes at how 
we transform Hubble science data into compelling color images.

Of course, the primary purpose of images taken by Hubble is to do science. Images are obtained 
with one of many possible combinations of filters available in Hubble’s cameras. The intensity of the 
light source is faithfully recorded in these images and can be cleverly utilized in a variety of ways to 
help answer the scientific questions that led to them being obtained in the first place. The Institute’s 
News Team distributes press releases on scientific advances, which frequently include pictures, through 
news media, educators, and the Internet. 

A second important quality of the some of the images from Hubble is their undeniable artistic appeal, 
especially when multiple filters have been used, and a color image can be produced. These high-profile 
images act as a magnet for the underlying science. Each new color image demands careful treatment 
due to both the exquisite quality of the data and the imperative to be faithful to nature. We like to think 
that the resulting color pictures are as good as they can be, limited only by the sky and the telescope. 

In the following sections, we lay out the essentials of translating Hubble data into color pictures. 
Some of the steps are as old as photography. Others—including the first step, capturing the data with 
Hubble’s state-of-the-art cameras—are at the cutting edge of technology for image processing. We 
hope these explanations lead to deeper appreciation of the sheer beauty of Hubble pictures.

Monochrome to color

Hubble’s science instruments do not produce color images directly, of course. In each exposure, a 
filter restricts the spectrum of detected light. The astronomer selects the filter to highlight (or suppress) 
particular objects or physical processes occurring in the field of view. Often the science is in a difference 
in brightness between exposures with different filters. Because we know the spectral transmittance 
of each filter exactly, we can extract and reconstruct color information from a series of monochrome 
images of the same field taken through a variety of filters.

Even though the filters selected by the astronomer are rarely red, green, and blue—the primary 
additive colors—we generally use those colors for reconstruction. We assign red to the lowest energy 
image, blue to the highest, and green to the intermediate energy. While any set of hues might be used, 
the choice of the primary colors maximizes the color gamut of the reconstructed picture. We sometimes 
vary this approach to improve aesthetics, shift colors for practical reasons, or enhance particular features. 
In any case, the chosen blend always maintains a relationship to true physical phenomena in the scene. 
We call such schemes “representative” color rather than false- or pseudo-color.

Intensity scaling

After routine data reduction, scaling the intensities is the first step in preparing monochrome images 
for combining. A flexible tool for this is FITS Liberator (http://www.spacetelescope.org/projects/
fits_liberator/ ), which is free, special-purpose software developed at the European Space Agency’s 
Space Telescope European Coordinating Facility. This tool provides flexibility in applying intensity-
transform functions, including clipping. Using it, we scale each monochrome image to optimize the 
tonal range. (All subsequent steps for Hubble color pictures are accomplished using industry-standard, 
image-editing software.) 
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Composite color

We use a screen algorithm to create the composite color picture by combining images with the primary 
colors applied (Figure 1). The algorithm assigns a hue from the full color gamut to each pixel based on 
the values of red, green, and blue intensity at that image location. The algorithm has the flexibility to 
produce composite images taken through more than three filters, or only two.

Adjustments and retouching

After creating the color composite, we use digital-darkroom techniques to enhance features and 
increase visual appeal. We can apply adjustments selectively to different regions in the image or to 
different ranges of tonal values. For these operations, we use tools for selection and masking to 
isolate and enhance features in the data that otherwise might be lost. The purpose of these targeted 
adjustments is usually to improve contrast and optimize the tonal range—steps often demanded by 
the superb quality of the Hubble data. 

The high dynamic ranges of Hubble ’s detectors can capture visual elements of vastly differing 
brightness, ranging from the detailed structures of distant galaxies, to the complex morphologies of 
emission nebulae. Unfortunately, the modes of displaying color images—usually on computer or television 
screens or in ink prints—are not capable of delivering the high dynamic range inherent in the data. In 
such cases, we must translate a broad range of brightness into a limited range, while preserving visible 
structure. The techniques involved, such as “dodging,” “burning,” and “unsharp masking”—developed 
in the days of film and photographic darkrooms—preserve tonality and detail in highlights and shadows 
while compressing the dynamic range. Today, the same traditional techniques are easily accomplished 
by widely available software for editing digital images.

Viewing a Hubble color picture is a whole visual experience: part content, part viewer. Therefore, 
we must take the viewer’s expectations into account while preparing the pictures. For example, people 
expect the sky background in most astronomical images to be neutral in color and nearly black. The 
brightest galaxy nuclei and emission features should be bright and white. Some features have expected 
colors: reddish hydrogen emission, bluish young clusters, red/yellow dust lanes and old, cool, and 
red stellar populations. We often scale intensity and adjust tone, contrast, and color to make images 
conform to such expectations.

We try to avoid more modern and sophisticated image-editing techniques, in order to reduce the 
chance of introducing artifacts and to stay as close as is practical to the original data. Some cosmetic 
retouching is done to remove telescope and instrument artifacts, such as reflection ghosts, CCD 
charge-transfer bleeding, residual cosmic rays, and hot pixels. We intend this retouching to reduce 
distractions that might draw the viewer’s attention away from the main subject. We have sometimes 

Figure 1: Wide Field Camera 3 images of the interacting galaxy group Arp 273. Three broad-band, visible-light 
filters were used. Top: monochrome images. Bottom: the same images with primary colors applied in correct 
chromatic order. Credit: NASA, ESA and the Hubble Heritage Team (STScI/AURA).
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been asked, “Why not remove diffraction spikes?”—after all, those are instrument artifacts, too. Besides 
the practical difficulties, particularly in crowded fields, the answer is that diffraction spikes make bright 
stars look brighter and more like what most people expect stars to look like, from decades of viewing 
photos from large ground-based telescopes. We keep other more heavy-handed techniques, such as 
noise reduction and sharpening, to a minimum. 

Composition

Careful composition helps create a stronger image, encouraging viewers to engage more intimately 
with the subject. Indeed, the steps of orienting and cropping a picture can involve the most significant 
aesthetic decisions. Good composition can dramatically improve the power and appeal of an image. For 
this reason, we don’t insist on the traditional convention of north-up, nor the as-observed orientation 
and framing. Placing the brightest part of a galaxy in the upper portion of the image rather than below 
center can optimize the visual strength of the composition. Also, changing the orientation may alter the 
visual flow through the image, determined in part by the natural ways viewers tend to interpret visual 
composition in a step-wise manner.

Sometimes, the plan of the science observations or practical observing constraints can limit the 
options for achieving the best aesthetics. Unfortunately, what is best for science and observing efficiency 
is not always the best for the most pleasing pictures. For example, an additional filter might provide 
a better rendering of the color space, or an additional pointing or different orientation could include 
some especially interesting feature. Also, chip gaps in the Advanced Camera for Surveys (ACS) and 
the Wide Field Camera 3 (WFC3), and the anomalous polygon of the Wide Field Camera 2 (WFPC2) 
field of view, can present challenges to producing a pleasing composition. 

Impacts beyond the human eye

When the spectral response of the filter is similar to the human visual system, reconstructed color 
pictures can approach a visually accurate rendering of the target. In most cases though, our color 
pictures contain information beyond the limits of human sensitivity to brightness and color, and it 
is necessary to “translate” these images to a color representation that accounts for the differences 
between human and Hubble.

Images obtained through different bandpasses often refer to different physical processes, and originate 
in different types of visual structure. Nevertheless, our same visualization paradigm is still effective. 
We have constructed successful composites encompassing the entire electromagnetic spectrum from 
X-rays to radio. Despite such challenges as the wildly differing resolution among data obtained in entirely 
different wavelength regimes, the resulting images can still reveal important physical phenomena and 
their spatial relationships.

In terms of psychological impacts, the fact that Hubble color pictures can be spectacularly beautiful, 
even deeply inspiring, is nearly a cliché. Not to be overlooked, however, are their informative nature, 
and the curiosity they inspire. Anyone—scientist or average person—is more likely to want to look at 
an aesthetically pleasing image, even though the subject matter may seem unfamiliar, or even inacces-
sible. They are more likely to want to learn more about what the image is telling them. Furthermore, 

Figure 2: Left: an initial color composite of images of Arp 273 taken by Hubble’s WFC3, rendered in hues 
assigned to datasets obtained through three separate filters. Right: The same image adjusted to improve the 
contrast, tonal range, and color, and retouched to eliminate instrument artifacts. Credit: NASA, ESA and the 
Hubble Heritage Team (STScI/AURA).
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upon learning the nature and significance of the subject, a Hubble color picture can take on a deeper 
meaning, much like opening another dimension.

When Hubble was conceived and built, the decision makers, scientists, and engineers who did the 
work were not sure of its public impact or how it would affect science or culture. Today, we know these 
impacts are profound and far-reaching. These consequences are due in no small part to the Hubble 
color pictures. Those of us who work on these pictures have been highly privileged and feel deeply 
gratified by the results.

A number of landmark observations highlight the steady stream of images and discoveries from 
Hubble. This is the author’s personal selection of some of the most significant results.

Figure 3: Left: Hubble Deep Field (HDF) WFPC2, 1995. Credit: NASA, ESA, R. Williams (STScI) and the Hubble Deep Field Team. Center: Hubble Ultra Deep Field 
(HUDF) ACS/WFC, 2004. Credit: NASA, ESA, S. Beckwith (STScI) and the HUDF Team. Right: M31 Halo ACS/WFC. Credit: NASA, ESA, and T. M. Brown (STScI). 

The Hubble Deep Fields are undoubtedly among Hubble’s most significant observations. On 
first view, the pictures themselves are perhaps not the most traditionally dramatic. Nevertheless, 
they are exquisite examples of images that take on another dimension with the understanding of 
their content and iconography. Is it possible to avoid a sense of vertigo when we know that we 
are looking through nearly the entire depth of the observable universe? 

A record-setting snowstorm in Maryland nearly prevented the dramatic unveiling of the mural-
sized WFPC2 HDF print to media and astronomers. Nevertheless, the snowplows came through 
in time to get the display printed and hand-carried to Austin, Texas, to great acclaim among the 
astronomers gathered for the winter 1996 AAS meeting. 

Another, quite different field inspires an even more dramatic feeling of depth: the ACS image 
of the M31 halo. Here, as in the HDF and HUDF, are a few foreground stars in our Milky Way 
galaxy, plus a zoo of various kinds of remote background galaxies. We also see the image filled 
with a rich distribution of faint stars, and, near the edge, a well-resolved globular cluster. Not long 
ago, the best images of the Milky Way and its globular clusters looked like this. This star field, 
however, is in the Andromeda Galaxy, nearly a megaparsec distant!

Deep-field surveys
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Figure 4: Hubble ACS/WFC image of barred spiral galaxy NGC 1300. Credit: NASA, ESA, and the Hubble Heritage Team (STScI/AURA). 

NGC 1300

NGC 1300 is the prototypical barred spiral galaxy. It has captivated the author ever since 
seeing the stunning blue-light plate taken in 1950 by Edwin Hubble with the Palomar 200-inch 
telescope and reproduced in Alan Sandage’s Hubble Atlas of Galaxies. It seemed appropriate for 
Hubble to produce the definitive color view of this galaxy. The resulting ACS image mosaic does 
not disappoint. Besides the classic, dramatic form of the bold bar-and-spiral structure, other 
amazing details appear. Beautifully resolved spiral arms and delicate dust lanes appear all the 
way into the bright nucleus. Numerous star-forming regions are starkly delineated in hydrogen 
emission. The disk is transparent enough to see distant background galaxies through the arms. 
Looking again at the black-and-white reproduction in the Hubble Atlas dramatically demonstrates 
the huge jump in performance that Hubble represents.
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Figure 5: A portion of the Carina Nebula combining images from Hubble ACS/WFC images and the 4-meter 
telescope of Cerro Tololo Inter-American Observatory. Credit: NASA, ESA, N. Smith (University of California, 
Berkeley), and the Hubble Heritage Team (STScI/AURA).

Figure 6: Hubble WFC3 image in ultraviolet-visible light of HH 901/902—“Mystic Mountain”—which includes 
star-forming pillars and stellar jets. Credit: NASA, ESA, and M. Livio and the Hubble 20th Anniversary Team (STScI). 

Carina Nebula

The Carina Nebula mosaic was a fortuitous collaboration between Hubble and ground-based observing—and a wonderful result of mining 
the Hubble data archive. The Hubble data consist of exposures sensitive to hydrogen emission, obtained by Nathan Smith with a large program 
in Cycles 13 and 14. The mosaic of those exposures covers a portion of the Carina Nebula in exquisite detail. Nevertheless, no other data in 
a different bandpass were available to produce a color composite. Fortuitously, Smith had earlier, multi-color, narrow-band images of a wider 
field in Carina obtained using the 4-meter telescope of Cerro Tololo Inter-American Observatory (CTIO). We combined the ground-based and 
Hubble data to produce an exquisite color composite, preserving the full spatial resolution of the Hubble data in luminosity, while incorporating 
color from the CTIO data, albeit with lower resolution. The end result is a pleasing image with a somewhat “painterly” effect. 

Mystic Mountain
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One goal of the Carina Nebula mosaic program was to study the numerous pillars and stellar 
jets scattered around the complex. One of these subfields rises above the others in its dramatic 
appearance. Not only is HH 901/902 one of the most remarkable nebular pillars known—exceeded 
perhaps only by the Eagle Nebula, sometimes called “Pillars of Creation”—but it also harbors 
two prominent jets, and others that are less obvious. The jets can be traced widely across the 
image. We were fortunate to be able to target this region with the full complement of nebular 
filters aboard WFC3 in 2010. We used the data to produce this image to commemorate the 20th 
anniversary of Hubble’s launch and deployment. 

Figure 7: Early release images. Left: M100 WFPC2 1993. Credit: NASA, and ESA. Center: Tadpole Galaxy (UGC 10214) ACS/WFC 2003. Credit: NASA, ESA, 
H. Ford (JHU), G. Illingworth (UCSC/LO), M. Clampin (STScI), G. Hartig (STScI), the ACS Science Team. Right: Butterfly Nebula (NGC 6392) WFC3 2009. Credit: 
NASA, ESA, and the Hubble SM4 ERO Team. 

Early release images

It has been amazing to watch the succeeding generations of technology keep Hubble at the 
cutting edge of astronomy. Each servicing mission has been followed by a flurry of initial observa-
tions to produce images that showcase the exceptional capabilities of the new instruments and 
highlight the increased capability of the observatory. Nothing could have been more dramatic than 
the first images from WFPC2, which demonstrated the fix for spherical aberration by the first 
servicing mission. Since then, the improvements have continued with each successive servicing 
mission. ACS improved resolution and sensitivity, and the Near Infrared Camera and Multi-Object 
Spectrometer pushed into the infrared. Today, WFC3 is allowing Hubble to continue to produce 
amazing color pictures. 
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Figure 9: Iconic astronomical targets. Left: Crab Nebula (M1) WFPC2, 2000. Credit: NASA, ESA, J. Hester and A. Loll (Arizona State University). Center: Great 
Nebula in Orion (M42) ACS/WFC, 2005. Credit: NASA, ESA, M. Robberto (STScI/ESA) and the Hubble Space Telescope Orion Treasury Project Team. Right: Active 
galaxy M82 ACS/WFC, 2006. Credit: NASA, ESA, and the Hubble Heritage Team (STScI/AURA).

Figure 8: V838 Mon light echo, ACS/WFC, left: September 2002, center: October 2002, right: December 2002. 
Credit: NASA, ESA and H. E. Bond (STScI).

V838 Mon light echo

We can observe very few real-time changes in astronomical objects over our short human 
lifetimes, which makes the Hubble time-series observations of V838 Mon so surprising and 
remarkable. They show light in motion—progressing through circumstellar material over the time 
span of a few months. A big bonus is the amazingly beautiful and dramatic structures revealed 
in the nebula by the transient pulse of light.

Iconic astronomical targets

Users of every great telescope feel compelled to observe certain special astronomical targets, 
such as these three delights, as well as the Ring Nebula, Whirlpool Galaxy, and Sombrero Galaxy. 
Hubble is no exception, having been used to record a long list of favorites. Often, taking such 
portraits is challenging because the object is large and Hubble’s field of view is relatively small. 
When reproduced at smaller sizes, the images made with different observatories appear substan-
tially similar, which is an illusion, because small formats cannot convey the full, rich information 
from Hubble’s exquisite resolution and contrast, which become obvious on closer inspection at 
large reproduction. 
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Multimission Archive at 
Space Telescope
Alberto Conti, aconti@stsci.edu, for the MAST team

The Multimission Archive at Space Telescope (MAST) is NASA’s data repository for astronomy 
missions in the ultraviolet–optical wavelength range, including both active and legacy missions. 
MAST supports the astronomical community by facilitating access to its collections, offering 

expert user support, and providing software for calibration and analysis.
As of September 2011, the volume of MAST’s data holdings was 169 terabytes (TB). Approximately 

71% of this volume is data from the Hubble Space Telescope, including reprocessed data in the Hubble 
Legacy Archive (HLA); 15% is from Galaxy Evolution Explorer (GALEX ); 5% is from Kepler; and the rest 
is distributed among high-level science products (HLSPs) and data from Far Ultraviolet Spectroscopic 
Explorer, X-ray Multi-Mirror Mission–Newton, the Digitized Sky Survey, and other smaller missions (see 
Figure 1).

European Hubble archive to move from ST-ECF to ESAC

MAST is pleased to report that the closure of the European Coordination Facility (ST-ECF) in late 2010 
will not affect the availability of Hubble data products in Europe. 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) European Space Astronomy Centre (ESAC), near 
Madrid, Spain (http://archives.esac.esa.int/ ). 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, X-ray Multi-Mirror Mission–Newton, Integral, Planck, and Exosat.

A coordination meeting—including participants from ESO, ESAC, the Canadian Astronomy Data 
Center (CADC), and MAST—was held at the Institute to agree on a migration schedule for the European 
Hubble archive. Until the migration process is complete and ESAC is ready to start operating the Hubble 
archive—expected by the first quarter of 2012—ST-ECF will continue to provide access to all publicly 
available Hubble data at http://archive.eso.org/cms/hubble-space-telescope-data. 

Hubble Legacy Archive

The Hubble Legacy Archive (HLA) is designed to facilitate access to science-ready data from Hubble 
by providing enhanced data products and advanced search and browsing capabilities. The HLA is a 
joint project of the Institute, CADC, and ST-ECF.

The HLA first went online with an early data release in 2007, and its offerings have grown steadily 
since then, with both new data and improved interface features. The fifth and most recent data release 

Figure 1: On the x-axis, the current volume of data hosted at MAST is shown (TB). On the y-axis is shown the 
cumulative data distributed to the community. This snapshot was taken in September 2011. 
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occurred in March 2011.
Extensive descriptions of the HLA products and their properties are available through the HLA Help 

Center (http://hla.stsci.edu/hla_helpcenter.html). The release notes summarize the evolution of HLA 
products over time (http://hla.stsci.edu/hla_release.html). The HLA main page can be accessed 
at http://hla.stsci.edu.

Key features of the HLA include: 

 • An integrated, browser-based search engine that allows both visual and tabular representation 
of all—or a user-defined subset—of the Hubble data available in a given area of the sky;

 • Improved images for Wide Field Planetary Camera 2 
(WFPC2), Advanced Camera for Surveys (ACS), and Near 
Infrared Camera and Multi-Object Spectrometer (NICMOS);

 • Source lists for all processed WFPC2 and ACS images; and 

 • Additional data products, including extracted grism spectra 
for ACS and NICMOS, HLSPs from external science teams, 
and multi-visit ACS mosaics for about 60 pointings. All such 
additional data products are included in the search interface. 

The HLA interface. Access to all HLA products and ser-
vices begins at the browser-based interface, which is found 
at http://hla.stsci.edu/hlaview.html. In a typical session, a 
user would start from a sky-based search, filtered if desired 
by instrument or program ID. The search can extend to the 
whole sky. Search results are presented in three views: 

 • Inventory. A wealth of metadata is presented in a table 
format. Results can be filtered or ordered according to each 
column’s content;

 • Images. A cutout or preview from each dataset is presented, 
which allows an immediate view of the data, along with links to 
extended information about each product and its contributing 
datasets; and

 • Footprint. An outline of each data product is superimposed 
on a Digital Sky Survey image. Users select data sets by 
mouse clicks or by operating on the associated tabular view 
(see Figure 2).

These three views are closely linked, in that filtering or selecting in any view is also reflected in the 
other displays. The option to download data is available in all views. In addition, a high-quality interactive 
display tool is available for previews of the data at their full resolution. The user can modify contrast 
to highlight various features of the data. A view tool for spectra can display one-dimensional data and 
carry out simple estimates of flux and/or redshift. 

Advanced image products. For nearly all imaging data taken with WFPC2, ACS, and NICMOS, 
the HLA offers combined images that increase depth and improve quality over the single-exposure data. 

All the exposures taken in each filter within the same Hubble visit are combined together 
into a single geometrically corrected image, oriented north up. In most cases the absolute 
astrometry is also improved as compared with reference catalogs. The combined images 
are deeper than the individual exposures, and they are generally free from cosmic rays, 
bad pixels, and other artifacts. The combined images are generated using specialized 
pipelines based on MULTIDRIZZLE. The CADC generated all WFPC2 images. 

Work is under way to develop similar image products for WFC3.
Source lists. For all combined images obtained from WFPC2 or ACS data, the HLA 

also offers source lists obtained with standard astronomical software, DAOPHOT and 
SOURCE EXTRACTOR. The user can view or retrieve these source lists through the standard 
HLA interface. The user can also overplot source positions on the corresponding image 
directly within the browser. Sources from several standard catalogs, including Guide Star 
Catalog 2, Sloan Digital Sky Survey (SDSS), Two Micron All Sky Survey, Faint Images 
of the Radio Sky at Twenty Centimeters (FIRST), and GALEX can also be displayed in 
the same screen. For visits with multiple filters, the source identification is based on 
a deeper image obtained as a weighted combination of the counts in all filters, while 
the photometry is carried out for each filter independently. This approach ensures that 
sources within the same visit are identified consistently across all filters. Combined 
multi-band source lists are also available.

Figure 2: A screenshot of the HLA footprint view around the Pleiades, showing the 
number and location of existing Hubble data. As of Data Release 5, the footprint view is 
fully interactive. Users can pan, zoom in and out, turn on or off displaying data for each 
instrument, and select exposures individually via mouse clicks.

Figure 3: A grism spectrum produced by ST-ECF. Top: the 
extracted spectrum with wavelength and flux calibration; 
bottom-left: the direct NICMOS image of the source; and 
bottom-right: the region of the grism image containing the 
dispersed light for this source.
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Additional products. Other specialized products acces-
sible for search, display, and retrieval through the HLA interface 
include extracted grism spectra, ACS mosaics, and HLSPs.

The ST-ECF group provided the extracted grism spectra for 
ACS and NICMOS. These products consist of a small direct 
image showing the source, a two-dimensional image containing 
the region of the grism where the spectrum falls, and a one-
dimensional, wavelength-calibrated spectrum. Over 50,000 
such spectra are currently available in the HLA, and we are 
considering plans to extend a similar treatment to infrared 
grism data from WFC3 (see Figure 3).

Mosaics are images that combine data obtained in more 
than one visit, which can yield deeper and/or wider cover-
age (see Figure 4). However, mosaics require careful relative 
alignment, because the telescope pointing shifts from visit to 
visit. At present, mosaics are available for ~60 pointings, and 
they use only ACS WFC data. We plan to produce mosaics 
for more ACS and WFC3 data after the single-visit WFC3 
pipeline is completed.

The HLA contains ~4500 HLSPs associated with ~12 
different programs. Users can search, display, and retrieve 
HLSPs just as other HLA products—and readily incorporate 
them in other archival studies.

Future development. In the near future, we will expand the HLA by including combined WFC3 
data products, more mosaics for ACS and WFC3 data, and prototype spectral products for the Cosmic 
Origins Spectrograph and the Space Telescope Imaging Spectrometer. New image features will include 
pixel-to-pixel exposure information, which is important for a better noise model, improved astrometric 
and background matching, and more complete information about input images. The planned interface 
includes an advanced spectral plotting tool, which will identify and measure spectral lines. Longer 
term goals include better integration with other elements of MAST through a common portal and other 
shared services, and expanded services to take advantage of the virtual-observatory (VO) structure. 
(Most HLA services and tools are already VO-aware and compliant.)

We encourage HLA users to contact us via email at archive@stsci.edu for additional information, 
help, or any suggestions and recommendations they might have. The primary goal of the HLA is to 
provide useful service to the community of users of Hubble data, and user feedback is critical in setting 
our priorities and long-term goals.

GALEX final operations and plans 

Tentative plans for 2011 operations. NASA will 
terminate operations of the GALEX satellite at the end of 
the fiscal year 2011. The present plans call for the delivery 
of final data products to MAST in early 2012, following 
final reprocessing of data for “GR7”—the seventh GALEX 
data release, at the end of this year or in early 2012. 
Meanwhile, the project has relaxed the bright-limit count 
rate in the near-UV (NUV) imaging camera in order to 
observe the following areas of the sky. (All but the last 
have not been observed previously.)

 • Areas of the Kepler field of view;

 • The Large Magellanic Cloud;

 • The Small Magellanic Cloud;

 • The Galactic plane (most longitudes) and the bulge 
region; and

 • M31 (to coincide with recent observations from the 
Panoramic Survey Telescope & Rapid Response 
System).

These observations will add an additional 4000 square 
degrees to GALEX coverage. The final observations by GALEX, which included images of objects for 
the purpose of calibrating the camera, were taken in early August. (We remind readers that images of 
objects brighter than about 10th magnitude are saturated and cannot be used for photometry.)

Figure 4: An example of an HLA mosaic, combining ACS images of the supernova remnant 
Cas A at six different pointings. The combined image is about 5 × 8 arcmin. The colors 
represent broad-band filters F475W, F625W, and F850LP.

Figure 5: Color-coded background map of the coverage of the GCAT catalog in the NUV GALEX 
bandpass. Colors give exposure time of coverage, red as deepest exposure. (Courtesy of Mark 
Seibert and the GCAT team.)
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The GCAT catalogs. The GALEX archive contains two new catalogs based on the GR6 deliveries 
for the All-Sky and Medium Imaging Surveys (AIS, MIS). These catalogs are called the GASC and 
GMSC, respectively. As products of the GALEX catalog (GCAT) project, the new catalogs are the first 
to give unique identifications for GALEX-observed objects. Positions are based on the near-UV image 

extractions. These catalogs will be reasonably complete 
for point sources and for extended sources up to 1 arc-
min in diameter, down to AB magnitude 21.5 and 23.5, 
respectively, in NUV. Ultimately, GASC will include some 
100 million objects over nearly 26,000 square degrees 
in both NUV and FUV. The GMSC covers 4800 and 4000 
square degrees in NUV and FUV, respectively. Figure 5 
shows a color-coded object brightness (counts per second) 
observed with the NUV camera over the entire sky with 
the Galactic plane and Magellanic Clouds excluded.

Post-GR6 cross-mission products. MAST has 
released post-GR6 datasets consisting of over 400 tiles 
processed with the same calibration and processing system 
as the fall 2010 GR6. These images will consist of 12 tiles 
with 15 ksec exposures centered on the Virgo cluster, 391 
Medium Imaging Survey tiles covering the plates of the 
Sloan Extension for Galactic Understanding and Exploration, 
and 12 tiles covering the Hubble CALSPEC sources that 
were used in the calibration of the GALEX data.

Mission science highlights. Since GALEX was 
launched in early 2003, it has produced valuable scientific 
imaging and grism data. Although GALEX was conceived 
to study the evolution of star formation in galaxies out to 
a redshift z = 0.5, it has become the workhorse of UV 
imaging surveys over 2/3 of the sky. Over the years, its 
observations have disclosed some surprises. For example, 
Figure 6 shows the famous four-parsec-long bow-shock 
and tail emanating from the variable star Mira as it plows 

through the interstellar medium. Seen from earth, this structure extends over 1.7 degrees. Therefore, 
only an instrument with a wide-field camera—1.25 degrees in the case of GALEX —could have readily 
discovered it. Follow-up searches have determined that this wake is still unique among Mira variables 
or stars of similar classes. As another example, in April 2011 GALEX observed the galactic nova T Pyx 
near its maximum light. The T Pyx event was a very lucky—and so far unique—event.

High-level science products 

The community contributes HLSPs as fully processed images and spectra ready for scientific analysis. 
MAST offers a permanent home for both data and catalogs associated with all HLSPs, and provides a 
permanent URL to facilitate references in publications. We encourage all Hubble users to archive their 
science-ready products at MAST. HLSPs are among the most downloaded products in MAST, second 
only to Hubble and GALEX data.

MAST is pleased to announce the recent availability of new HLSPs, which can be accessed through 
the HLSP web site (http://archive.stsci.edu/hlsp).

HIPPIES. The Hubble Infrared Pure Parallel Imaging Extragalactic Survey (HIPPIES) utilizes long-
duration, pure-parallel visits (≿3 orbits) by Hubble at high Galactic latitudes (|b| > 20°), to take deep, 
multi-band images in WFC3 (since Cycle 17) and in ACS (starting Cycle 18). HIPPIES 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.

HIPPIES will release best-effort, high-level image products from the following three programs: PIDs 
11702, 12286, and 11700. We expect releases roughly one year after each set of observations is 
complete. Released data products will make use of the best Hubble reference files available at the 
time of data reduction. Sample HIPPIES images can be found at http://archive.stsci.edu/prepds/
hippies/display.html. 

HIPPIES data can be downloaded at http://archive.stsci.edu/pub/hlsp/hippies/ or via anonymous 
ftp from archive.stsci.edu in /pub/hlsp/hippies.

ACS globular cluster photometry. The ACS Globular Cluster Treasury program used the ACS/
WFC instrument on board Hubble to obtain uniform imaging of 65 of the nearest globular clusters. 
The goal is an extensive homogeneous dataset that should be for a broad range of scientific investiga-

Figure 6: Wide-angle (four degrees) mosaic of GALEX images of the wake of Mira (omicron 
Ceti) as it plows through the interstellar medium. The inset is a close-up. Both images shown 
were obtained in 2006. (Courtesy of GALEX Project and California Institute of Technology and 
NASA/JPL.)
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tions. Sarajedini, A. et al. 2007 (AJ, 133, 1658) published 
an overview of the project.

The program team has archived the reference images and 
the associated photometry catalogs at MAST. Databases of 
artificial stars are also available at the team website http://
www.astro.ufl.edu/~ata/public_hstgc/. Artificial stars with 
known properties are generated using PSF-modeling software 
and placed on the original images to determine the determine 
detection completeness and photometric errors in the images.

The paper by Anderson et al. 2008, “The ACS Survey of 
Galactic Globular Clusters. V. Generating a Comprehensive 
Star Catalog for each Cluster,” (AJ, 135, 2055) describes 
the software for automated processing of the cluster data, 
and describes in detail the rationale, algorithms and output 
of this program.

This program’s data can be downloaded at http://archive.
stsci.edu/prepds/acsggct/. Sample data can be found at 
http://archive.stsci.edu/prepds/acsggct/display.html. 

The CANDELS multi-cycle Treasury program. The 
Cosmic Assembly Near-IR Deep Extragalactic Legacy Survey 
(CANDELS) is designed to document the first third of galactic 
evolution from z = 8–1.5, via deep imaging of more than 
250,000 galaxies with WFC3/IR and ACS. It will also discover 
and characterize Type Ia supernovae beyond z > 1.5 and 
establish their accuracy as standard candles for cosmology.

CANDELS targets five premier multi-wavelength regions of 
the sky. Each region has multi-wavelength data from Spitzer 
and other facilities, plus extensive spectroscopy of the brighter 
galaxies. 

CANDELS incorporates a wide imaging survey—to two-
orbit J- plus H-band depth over 720 sq. arcmin in the fields of the Cosmic Evolution Survey, Extended 
Groth Strip, and Ultra-Deep Survey. It also includes a deep imaging survey, to ~12 orbit Y plus J plus H 
depth in the two fields of the Great Observatories Origins Deep Survey (GOODS), tiling ~60 sq. arcmin 
in each field. In combination with ultra-deep imaging from the Hubble Ultra Deep Field (UDF) program 
(GO 11563), the result is a three-tiered strategy that efficiently samples both bright/rare and faint/
common extragalactic objects.

MAST has already made available CANDELS data products in the GOODS-S and UDF fields. Additional 
information, including the CANDELS public website, and a table listing the most current epoch released 
in each field, is available at http://archive.stsci.edu/prepds/candels/. 

Cluster Lensing and Supernova Survey with Hubble (CLASH). CLASH is an innovative 
survey to place new constraints on the fundamental components of the cosmos using Hubble. CLASH 
will observe 25 massive galaxy clusters over a three-year period using Hubble’s panchromatic imaging 
capabilities, WFC3 and ACS. CLASH will:

 • Map, with unprecedented accuracy, the distribution of dark matter in galaxy clusters using 
strong and weak gravitational lensing;

 • Detect Type Ia supernovae out to redshift z ~ 2, allowing us to test the constancy of dark energy’s 
repulsive force over time and look for any evolutionary effects in the supernovae themselves;

 • Detect and characterize some of the most distant galaxies yet discovered at z > 7, when the 
universe was younger than 800 million years old—less than 6% of its current age; and

 • Study the internal structure and evolution of the galaxies in and behind these clusters.

A first version of the CLASH data will be released approximately two months after the last data are 
taken for a cluster. A second version will be released about six months after the last observation of the 
cluster. Currently, data for two clusters (Abell 383 and MACSJ1149+22) are available for download.

Figure 8 shows a composite image taken from the Advanced Camera for Surveys (ACS) and the 
Wide-field Camera 3 (WFC3) of cluster Abell 838 from the first CLASH data release.

Additional information, including the CLASH public website and a table listing released cluster data, 
is available at http://archive.stsci.edu/prepds/clash/. 

Catalogs of GALEX UV unique sources and of UV-optical matched sources. A team led 
by Luciana Bianchi (Johns Hopkins University) has released a series of comprehensive catalogs of hot 
star candidates in the Milky Way, selected from the GALEX imaging in the FUV (1344–1786 Å) and NUV 
(1771–2831 Å). Using GALEX FUV and NUV photometry, the hottest stellar objects—in particular, hot 

Figure 7: CANDELS survey footprint.
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Figure 8: Composite image of the cluster Abell 838 as observed with the Advanced Camera for Surveys and 
Wide field Camera 3 (WFC3) on the Hubble Space Telescope. CLASH will observe very similar clusters very 
similar to this one. Credit Dan Coe.

Figure 9: Color-color diagrams for the GALEX UV sources matched to SDSS sources, at AIS and MIS depth. Blue/black densities are point-like/extended sources 
respectively. Model colors for stars (Teff sequence, for different gravities), quasars (redshift sequence, cyan) and galaxies (age sequences, green) are shown. The 
two purple stellar sequences (label “WD”) in the right-side panel are for log g = 9.0 and 7.0. From such diagrams the hot star samples are selected, with color 
cuts shown by the green lines in the left-hand plot. Figure reprinted from Bianchi et al. 2011, MNRAS 411, 2770.
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white dwarfs—were extracted. These objects are elusive at other wavelengths because of their high 
temperatures and faint optical luminosities.

The extraction generated catalogs of UV sources from two GALEX surveys, AIS (~19.9/20.4 AB 
magnitude in FUV/NUV) and MIS (~22.6 mag). Extracted from GALEX GR5 data, 
the two catalogs contain 65.3/12.6 million (AIS/MIS) unique UV sources with NUV 
error less than 0.5 mag over 21,435/1579 deg2. Sub-catalogs of the UV sources 
with matched optical photometry from SDSS. The seventh data release, which is 
also available, contains 0.6/0.9 million (AIS/MIS) sources with errors ≤0.3 mag 
in both the FUV and NUV, excluding sources with multiple optical counterparts. 
The sky coverage is 7325/1103 deg2 (see Figure 9).

The details of the AIS/MIS catalogs are in three papers available at http://
archive.stsci.edu/prepds/bianchi_gr5xdr7/. The catalogs themselves can be 
downloaded from the same location or via anonymous ftp from archive.stsci.
edu /pub/hlsp/bianchi_gr5xdr7.

Hubble Ultra Deep Field 2009. The observations of the Hubble Ultra 
Deep Field 2009 (HUDF09) program—obtained under program 11563 in Cycle 
17—have been released. This program uses WFC3/IR as the prime instrument 
for 192 orbits to image the deep ACS fields that were obtained in the original 
HUDF program and in the subsequent HUDF05 program.

Observations for the HUDF09 program were taken between August 2009 and 
February 2011. Currently released products make use of the full two-year WFC3/
IR datasets over the HUDF09, HUDF09-1 and HUDF09-2 fields. The HUDF09 
WFC3/IR observations were obtained using a dither strategy similar to that used 
for the original HUDF (see Figure 10).

Additional information and all data products are available at http://archive.
stsci.edu/prepds/hudf09/. 

USNO/Kepler catalog. Karen Kinemuchi (NASA Ames Research Center) has provided MAST with 
a United States Naval Observatory (USNO)-Kepler catalog, which is a table of every object in the USNO 
B1.0 catalog found within the Kepler field of view (FOV). The Kepler FOV is centered at RA = 290.6667°, 
DEC =+44.5°, and covers roughly 105 square degrees in the sky. Stars falling on the gaps between 
the CCD of chips of the Kepler photometer have been omitted from the catalog.

The USNO-Kepler catalog contains proper motion information as well as photographic 
plate magnitudes in approximate B, R and I passbands. These values are taken from 
the USNO B1.0 catalog and are to be used as resource to find objects in the Kepler 
FOV that are fainter than the Kepler Input Catalog (KIC). 

The distribution of USNO B1.0 objects in the Kepler FOV can be seen in Figure 11. 
Users can download the catalog at http://archive.stsci.edu/prepds/usno_kepler/.

More information regarding the Kepler can be found at http://kepler.nasa.gov.
Wide Field Camera 3 early-release science program. Institute director 

Matt Mountain allocated ~210 orbits of Director’s Discretionary time to the WFC3 
Scientific Oversight Committee (SOC) to conduct “challenging science programs 
designed to test key capabilities of both the UVIS and IR channels.” 

These orbits were distributed between two programs. The combined dataset is 
referred to as the “WFC3 early-release science (ERS) program.” The available ERS 
HLSPs are based on custom processing of the original dataset. In some cases, this 
involved the use of later calibration files than were publicly available earlier. In others, 
we employed specialized software to extract measurements of general interest from 
the images. In some cases, several versions of re-processed data are available. We 
recommend using the most recent version. Nevertheless, earlier versions, which were 
published ERS papers, are also included for reference. 

More complete information, with a table of data released, can be found at http://archive.stsci.
edu/prepds/wfc3ers/. 

Figure 10: HUDF09 data are shown in orange. The 
ACS HUDF and HUDF05 data are shown in blue 
and for reference, the ACS GOODS-South data are 
shown in yellow.

Figure 11: USNO B1.0 object distribution in the Kepler field 
of view.
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Virtual Astronomical  
Observatory Update
Gretchen Greene, greene@stsci.edu, & Robert Hanisch, hanisch@stsci.edu 

The Institute has a major role in the Virtual Astronomical Observatory (VAO).1 We have made a 
number of advances in this new program over the past six months.

In April, Brandon Lawton joined the VAO team as lead of education and public outreach. 
Working in the Institute’s Office of Public Outreach, and drawing on its expertise in the areas of electronic 
outreach and formal and informal education, his goal is to craft an outreach program for VAO. The 
new program will involve collaborations with the VAO partner organizations and other groups in the 
outreach community. In addition to showcasing VAO-enabled research results, the new program will 
also highlight how network-enabled research tools are changing the way science is being done. The 
Institute’s VAO outreach program was introduced to the global community this year in the first session 
of the International VO Alliance on education and public outreach.

The Institute provides key technical leadership in the development of VAO science applications. Tom 
Donaldson (Archive Sciences Branch) has been leading the development of the new VAO data-discovery 
website. A beta release was recently completed, and is available for users to try out on the VAO website 
(http://www.usvao.org). Ivo Busko (Science Software Branch) incorporated his SPECVIEW package into 
IRIS, the VAO building and analysis tools for spectral energy distributions. Instructions for downloading 
and installing IRIS are now also available from the VAO web site. 

Theresa Dower continues her support of the VAO registry, which functions as the master directory of 
data collections, catalogs, and archives. The VAO registry at the Institute is recognized in the international 
VAO community as the most comprehensive directory of global archive data services. The Institute 
is working with the VAO group at the High Energy Astrophysics Science Archive Research Center to 
provide validation and curation of the registry system. 

Gretchen Greene coordinates all VAO efforts at the Institute, and serves as liaison to the Cosmic 
Assembly Near-IR Deep Extragalactic Legacy Survey (CANDELS), which is a Multi-Cycle Treasury 
program team. CANDELS now distributes notices of supernova discoveries via the VOEVENT protocol, 
and CANDELS image data is accessible through VAO image-access protocols and is searchable through 
the VAO data-discovery portal. 

The Institute is also planning for the long-term. We will incorporate VAO protocols for data access in 
the requirements for the data management system for the James Webb Space Telescope.

Come check out the VAO at the January meeting of the American Astronomical Society, in Austin. 
We plan to have an exhibit booth and a Sunday afternoon workshop featuring both research tools and 
a focus on education and public outreach resources.

1 See https://blogs.stsci.edu/newsletter/2011/02/08/the-virtual-astronomical-observatory-
and-the-institute/

Hubble Fellowship News
Ron Allen, rjallen@stsci.edu 

The Hubble Fellowship Program provides postdoctoral fellowships to candidates of exceptional 
research promise. The program includes the scientific goals addressed by any of the missions 
in NASA’s Cosmic Origins Program. These missions presently include: the Hubble Space 

Telescope, Spitzer Space Telescope, Stratospheric Observatory for Infrared Astronomy, the Herschel 
Space Observatory, and the James Webb Space Telescope. This program is funded by NASA and is 
open to applicants of any nationality. The fellowships are tenable at U.S. host institutions of the fel-
lows’ choice, subject to a maximum of one new fellow per host institution per year. The duration of 
the fellowship is up to three years. More details are available at http://www.stsci.edu/institute/org/
spd/hubble-fellowship.
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Selection of the 2011 Hubble Fellows

The 2011 Hubble Fellow Selection Committee met at the Institute on January 20–21, 2011, to 
consider the 269 applications that were received by the deadline of November 4, 2010. The selection 
criteria remained the same as in the past. The number of Hubble Fellowships to be awarded for 2011 
is 17, the same as the previous year. Prof. Rene Walterbos (New Mexico State University) chaired the 
15-member committee. Offers were made, and by mid-February the list of 2011 Hubble Fellows was 
complete; see Table 1. They will take up their new fellowships in the fall of 2011.

2011 Hubble Fellows Symposium (March 8–10, 2011)

This year, we begin the third decade of the Hubble Fellowship Program, now expanded to include 
all present and future missions in NASA’s Cosmic Origins theme. For virtually all of its existence, the 
program has been and remains one of the leading fellowship programs in the field of astronomy and 

astrophysics. It has supported more than 220 of the most prominent and active scientists in this field 
at a crucial phase in their careers. The Hubble Fellowship Program continues to be one of the highlights 
of NASA’s pursuit of excellence in space science. Each year, the current Hubble Fellows—about 45 
in 2011—convene for a three-day symposium to present the results of their recent research and to 
meet face-to-face with other Hubble Fellows and the scientific and administrative staff who manage 
the program.

The NASA Cosmic Origins theme (http://science.nasa.gov/about-us/smd-programs/cosmic-
origins/ ) includes the Spitzer Observatory (http://www.spitzer.caltech.edu/ ). The Spitzer Fellowship 
Program (http://irsa.ipac.caltech.edu/data/SPITZER/docs/spitzermission/communityprograms/
spitzerfellows/) was incorporated in the Cosmic Origins Hubble Program two years ago. Therefore, 2011 
is the final year of tenure for the remaining Spitzer Fellows. To mark this occasion, and to commemorate 
the success of the Spitzer Fellows Program, the 2011 Hubble Fellows Symposium included participa-
tion by the current Spitzer Fellows, and was held in Pasadena under the joint auspices of the Spitzer 
Science Center (http://ssc.spitzer.caltech.edu/mtgs/fellows2011/ ) and the Space Telescope Science 
Institute. The participants posed for a group photograph, shown in the figure below. The program and 
recorded video of the symposium are available at https://webcast.stsci.edu/webcast/archive.xhtml.

2011 Hubble Fellows
2011 Hubble Fellow Ph.D. Institution Host Institution

1. Gurtina Besla Harvard – 2011 Columbia

2. Jo Bovy NYU  – 2011 IAS

3. Sean Couch UT-Austin – 2010 Chicago

4. Nathalie Degenaar Amsterdam NL – 2010 Michigan

5. Steven Finkelstein Arizona – 2008 UT-Austin

6. Evghenii Gaburov Amsterdam NL – 2008 Northwestern

7. Markus Janson MPI-DE – 2008 Princeton

8. Linhua Jiang Arizona – 2008 ASU

9. Jeyhan Kartaltepe Hawaii – 2009 NOAO-Tucson

10. Mansi Kasliwal Caltech – 2011 OCIW

11. Christiaan Ormel Groningen NL – 2008 UCB

12. Joshua Peek UCB – 2008 Columbia

13. Daniel Perley UCB – 2011 Caltech

14. Ralph Schoenrich MPI-DE – 2011 OSU

15. Roman Shcherbakov Harvard – 2011 UMD

16. Daniel Stark Caltech –  2008 Arizona

17. John Tobin Michigan – 2011 NRAO
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Figure 1: Hubble and Spitzer Fellows at Caltech during the 21st Hubble Fellows Symposium

Miniworkshop on the  
Astrophysics of  
Intermediate-Luminosity 
Red Transients 
Howard E. Bond, bond@stsci.edu 

In a famous cartoon of some years ago, by the science cartoonist S. Harris, two astronomers are in 
the telescope dome, pondering their new data. One says to the other, “It’s somewhere between a 
nova and a supernova—probably a pretty good nova.” At the time, the drawing was good for a laugh 

among astronomical cognoscenti who were aware of the yawning gap in maximum luminosity between 
the classical novae and the much brighter supernovae. Over the past several years, however, this gap 
has started to fill in, due to discoveries (many of them by amateur astronomers) of members of a new 
class of astrophysical transients. They show “pretty good” maximum luminosities, intermediate between 

those of classical novae and supernovae, and they usually become extremely red as 
their outbursts proceed over timescales of a few months. Because of several dramatic 
new developments in this subject, the Institute hosted a workshop on intermediate-
luminosity red transients (ILRTs) in the Bahcall Auditorium, June 28–30, 2011. About 
30 participants from around the world attended and presented the latest results. 

In the Milky Way, members of the ILRT class include V838 Monocerotis (which 
produced a spectacular light echo, the subject of iconic Hubble images; see Fig. 8 on 
p. 42 of this issue), V4332 Sagittarii, and the recent V1309 Scorpii. Possibly related 
extragalactic transients include the Andromeda red variable of 1988 (M31 RV), the 
2006 optical transient in M85, SN 2008S, and the 2008 and 2010 transients in the 
nearby galaxy NGC 300, as well as objects now being being discovered in synoptic 
sky surveys, such as the Palomar Transient Factory (PTF), Pan-STARRS, and the Lick 
supernova searches. 

It has become apparent—and this was brought out strongly at the workshop—that ILRTs arise from 
at least two very distinct evolutionary channels. Several groups have been arguing for the past several 
years that the V838 Mon outburst arose from a stellar collision or binary merger, but the evidence 
for this scenario was mostly indirect. The new breakthrough has come from the 2008 outburst of the 
Galactic ILRT V1309 Sco, which occurred in the central bulge of the Milky Way. V1309 Sco lies in a 
field that was monitored for several years by the OGLE microlensing project, and its progenitor was 
found to have been a short-period contact binary. It was even possible to detect the shortening of the 
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orbital period of the progenitor over the course of several years before its outburst. This remarkable 
finding clearly establishes that catastrophic stellar mergers are responsible for at least some of the 
spectacular ILRT eruptions. Mergers are now the leading contender to account for the ILRT outbursts 
that occur in old populations, such as the 1988 outburst of M31 RV in the ~10 Gyr-old bulge population 
of the Andromeda galaxy. 

There is a second group of ILRTs, however, which are typically about 2 magnitudes 
brighter at maximum than the events occurring in old populations, and which probably 
have a different origin. Two of these eruptions occurred in 2008 in nearby galaxies: 
these were the Optical Transient (OT) in NGC 300, a spiral galaxy 2 Mpc away, just 
outside the Local Group; and “SN” 2008S, in NGC 6946—both initially discovered 
by amateurs using small telescopes. The second object was designated SN 2008S 
before it became apparent that it was not any kind of normal supernova. In the case 
of the NGC 300 OT-2008, it was obviously not a supernova from the start, and it 
never received an SN designation. 

Fortuitously, NGC 300 OT-2008 occurred in a spiral arm of NGC 300 that had 
been very deeply imaged by Hubble before its outburst. New Hubble images were 
obtained showing the ILRT, allowing the OT to be precisely localized. Remarkably, 
the progenitor was not detected at optical wavelengths down to magnitude 28.5  
(Figure 1). However, there were also pre-eruption images of NGC 300 obtained by the 
Spitzer Space Telescope, which revealed a luminous mid-IR source at the outburst 
site. Thus the progenitor was a heavily dust-enshrouded massive star, invisible at 
optical wavelengths, yet one of the brightest stars in NGC 300 in the mid-IR. 

SN 2008S is a near-twin of the NGC 300 OT-2008. Its progenitor was likewise 
optically inconspicuous, but luminous in the mid-IR, as revealed by Spitzer. The nature 
of these outbursts remains uncertain, but they may be related to the also poorly 
understood outbursts of Luminous Blue Variables (LBVs). However, there are also 
advocates of these eruptions being due to the elusive electron-capture supernovae 
hypothesized to occur among stars lying near the initial-mass boundary between objects that end up 
as white dwarfs and those that explode as supernovae. And it has not been ruled out that these more 
luminous ILRTs could also arise from binary-star interactions.

Figure 1: Color rendition of a Hubble/Advanced Camera for Surveys image of the site of the NGC 300 optical 
transient (OT) of 2008. These images were taken in 2002 and 2006. The precise astrometric location of the 
OT was determined from Hubble images taken during the 2008 eruption, and lies within a few pixels of the 
center of the green circle (radius 3 arcsec). There is no progenitor object detected down to optical magnitude 
28.5. However, pre-outburst images taken by Spitzer showed a luminous mid-IR source at the eruption location, 
demonstrating that the progenitor was a luminous but heavily dust-enshrouded massive star. Credit: NASA/ESA 
Hubble Space Telescope; image courtesy Luigi Bedin (STScI).

Figure 2: Hubble/Wide Field Camera 3 image showing the 2010 
intermediate-luminosity red transient PTF 10fqs in outburst in 
the Virgo spiral M99. The dimensions of the image are 45 × 26 
arcsec, and the OT is the gold-colored object just to the upper 
right of center, lying somewhat outside the main spiral arm. 
Credit: NASA/ESA Hubble Space Telescope image courtesy 
Mansi Kasliwal and Shri Kulkarni (Caltech), and Howard E. 
Bond (STScI). 
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New wide-angle surveys are now finding ILRTs at a healthy rate. An example is the 2010 outburst 
of PTF 10fqs, occurring in a spiral arm of the Virgo galaxy M99 (Figure 2). Furthermore—seemingly 
in honor of the workshop—the latest ILRT, designated PSN J17592296+0617267, was discovered in 
the spiral galaxy NGC 6509 on the last day of the workshop. Upcoming synoptic surveys, such as the 
Large Synoptic Survey Telescope, will find large numbers of ILRTs in external galaxies, allowing us to 
refine our knowledge of the stellar populations and nature of the progenitor objects.

Very Wide Field Surveys
Massimo Robberto, robberto@stsci.edu, & Andy Ptak, andrew.f.ptak@nasa.gov 

The conference “Very Wide Field Surveys in the Light of Astro2010” was cohosted by the Institute 
and the Johns Hopkins University on June 13–16, 2011. Over 120 participants came to discuss 
the future of astronomical surveys. The scientific prospects of large surveys are enormous, 

as reflected in the top facilities recommended by Astro2010—the space-based Wide-Field Infrared 
Survey Telescope (WFIRST ) and the ground-based Large Synoptic Survey Telescope (LSST). Are we 
ready? How must we prepare? The goal of this conference was to promote awareness of the issues 
and opportunities of the coming era of very wide-area surveys.

LSST and WFIRST will look deeper and wider than any previous surveys in the optical and near-
infrared, respectively. They will open vast regions of observational parameter space. It is a safe bet 
that no endeavor in astronomy will be untouched by the technology and science of these surveys. They 
will explore, discover, and gather detailed statistics, on vast scales. 

As capable as the new surveys will be, their ultimate scientific success will rely in part on other 
capabilities. New facilities will be needed to follow up discoveries and to provide crucial information—from 
spectroscopy, multi-band imaging, and temporal data—to clarify the nature of objects and phenomena. 
In most cases, these supporting capabilities are not yet available, at least at the scales needed for these 
surveys; some are only in the conceptual planning phase. The conference provided an opportunity for 
interested parties—project staff, prospective users, and government decision-makers—to think about 
possible approaches and solutions.

Spectroscopic follow-up will be essential for many investigations, beginning with dark energy. 
Spectroscopic instruments with more fibers and larger fields will be needed to keep up. Currently, 
the state of the art is being advanced on several fronts, by the Big Baryon Oscillation Sky Survey 
(BigBOSS), the Large Sky Area Multi-Object Fibre Spectroscopic Telescope (LAMOST), the Hobby-

Eberly Telescope Deep Energy Experiment (HETDEX) and the ESO concept for the 4-meter 
Multi-Object Spectroscopic Telescope (4MOST). BigBOSS, for example, plans 5,000 fibers 
on a focal plane of seven square degrees, using the four-meter Mayall telescope at KPNO. 
Another example is the Galaxy and Mass Assembly (GAMA) survey, which brings together 
the unique spectroscopic capabilities of the Anglo-Australian Telescope and multi-wavelength 
data from other facilities, such as the X-ray Multi-Mirror Mission–Newton, Galaxy Evolution 
Explorer, Herschel Space Observatory, and the Square Kilometer Array. However, none of these 
endeavors approaches the scale of follow-up spectroscopy that WFIRST and LSST will call 
for. The option of constructing new facilities or re-developing old facilities to be spectroscopic 

survey telescopes was also discussed (e.g., the Next Generation Canada-France-Hawaii Telescope).
Multi-band imaging reveals the physics of the sources. The value of wide-field surveys across the 

full electromagnetic spectrum, from radio wavelengths to X-rays, is illustrated by the recently completed 
Wide-field Infrared Survey Explorer (WISE ) mission, as well as by the prospects of missions soon to be 
launched, such as Gaia and the Extended Roentgen Survey with an Imaging Telescope Array (eROSITA)—
which is an instrument soon to fly on the Russian Spectrum Roentgen Gamma spacecraft. Will these 
and other facilities be available for multi-wavelength follow-up observations and be sufficiently matched 
in sensitivity to surveys such as LSST? In the mid-to-far infrared, neither the old data from the Infrared 
Astronomical Satellite nor new data from AKARI will suffice in a support role for LSST and WFIRST.

In time-domain astronomy—important for supernovae, active galactic nuclei (AGN), and other transient 
sources in the Galaxy and beyond—the need for new capabilities and institutional arrangements will be 
particularly acute. Opportunities to follow up transient events are fleeting, which puts a premium on rapid 
data analysis and adroit telescope scheduling, when the circumstances merit. Classifying transients is 
an operational challenge. LSST may issue up to one hundred thousand alerts every day—how to decide 
which ones are interesting? The ultimate scientific success of transient studies will depend on improve-
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ments in algorithms and computer codes that sift the flood of data with accuracy and efficiency. It will 
also depend on the availability of facilities to follow up interesting events, especially by spectroscopy. 
Work has begun on this challenge for LSST, and useful lessons are available from the Palomar Transit 
Factory and the Catalina Real-Time Transit Survey. 

Astronomy is no longer a data-poor field. Astronomers already have an abundance of data to work with, 
and the new wide-field surveys will greatly expand this volume. Increasingly, advances in astronomical 
research challenge the human and technical capacities to curate, extract, and analyze massive quantities 
of data—and, of course, to think about the results and draw conclusions. When we think how our field 
and we, ourselves, have evolved in the recent decades, there is no doubt we will adapt and succeed. 

All conference talks were webcast and archived at https://webcast.stsci.edu/webcast/. The 
abstracts of the talks are available at http://www.stsci.edu/institute/conference/verywidefield/
talksList/. The symposium page (http://www.stsci.edu/institute/conference/verywidefield/ ) 
includes a link to a wiki page (http://verywide2011.wikispaces.com/ ), which you can use to provide 
input to the team drafting a white paper based on the conference.

Mind Over Dark Matter
Mario Livio, mlivio@stsci.edu

As its name implies, dark matter does not emit any light and therefore it 
cannot be “seen” in the common sense of the word. Yet, this invisible stuff 
constitutes most—more than 80%—of the universe’s mass. No wonder, 

then, that astronomers and particle physicists worldwide have been trying for decades 
to detect the presence of the elusive particles of dark matter, from laboratories 
underground and from both ground- and space-based observatories. More than 
130 participants attended the Institute’s 2011 May Symposium, which provided a 
wonderful opportunity to review the latest results of the searches for dark matter.

Astronomers have known since the 1970s that the combined mass of stars, gas, 
and dust in spiral galaxies is insufficient to gravitationally account for the way stars revolve around the 
galactic centers. Much more mass is needed for the outer parts of galaxies not to be flung out. The 
conundrum is further exacerbated in clusters of galaxies, where it has been clear since the 1930s 
that ordinary, visible matter falls far short of being able to hold clusters together. To account for the 
necessary gravitational pull, astronomers hypothesize that most of the mass in galaxies and clusters 
of galaxies is invisible. Most theorists believe that the constituents of dark matter are massive particles 
that barely interact with ordinary matter. They assume that these particles interact only gravitationally 
and through the weak nuclear interaction. Consequently, the particles are generally known as Weakly 
Interacting Massive Particles, or WIMPS. Some theories even suggest the existence of super-WIMPS, 
which interact only gravitationally. The dark-matter hypothesis has received strong support from 
observations of gravitational lensing and of structure formation.

General relativity predicts that the gravitational fields of mass concentrations deflect light. As a result, 
when a cluster of galaxies lies along the line of sight between the Earth and a distant galaxy, the cluster 
acts as a lens, magnifying and distorting the image of the galaxy. By precisely measuring the distortion 
geometry, the mass of the cluster and the distribution of the mass within it can be determined. Similarly, 
one can statistically study the tiny distortions observed in extensive galaxy surveys. The collective 
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gravitational effects of foreground objects introduce these distortions. The latter technique is known as 
“weak lensing.” About half a dozen of the talks at the symposium demonstrated the use of the various 
lensing measurements to reconstruct the detailed, three-dimensional distribution of dark matter. In 
particular, combined optical (by Hubble) and X-ray (by Chandra) observations of the system known as 
the “bullet cluster,” in which two clusters of galaxies are colliding, appear to show that the baryonic 
hot gas in these clusters has been separated from the dark matter. This is to be expected, since while 
the baryonic gas collides and shocks, the dark matter is essentially non-interacting.

In the current cosmological paradigm, dark matter is essential for the formation of the large-scale 
structure of the universe. Dark matter is supposed to have acted as the scaffolding, creating the initial 
potential wells into which the ordinary (baryonic) matter later flowed, forming structure hierarchically, 
from small to large scales. Several talks at the symposium discussed the agreement (or not) between 
this scenario and detailed observations of the cosmic microwave background, of the halos of galaxies, of 
baryon acoustic oscillations, of satellites of large galaxies, and also of the abundances of light elements. 
Generally, large computer simulations (employing billions of dark matter particles) produce predictions 
of the so-called Lambda-Cold-Dark-Matter (ΛCDM) model that agree with observations. Nevertheless, 
some difficulties persist. In particular, the simulations produce more satellite galaxies than are typically 
observed. Also, the simulations predict more “cuspy” halos—that is, halos with density more sharply 
rising toward the center than observations seem to indicate.

A few theorists have examined the possibility that dark matter does not exist at all, but rather we 
have to change our theory of gravity. Along these lines, theories such as the Tensor-Vector-Scalar 
theory (TeVeS), and the Bimetric Modified Newtonian Dynamics (Bimetric MOND) have been proposed. 
Constantinos Skordis of the University of Nottingham reviewed these theories extensively at the sym-
posium, and showed that all encounter significant difficulties.

More heat than light?

As intriguing as some of the new astronomical results on dark matter have been, there is no question 
that the real drama is now on the particle physics side. An Italian underground experiment called DAMA 
(for DArk MAtter) has been claiming detection of a dark matter signal for a few years. This experiment 
is based on the idea that, as the Earth revolves around the Sun, it may be moving through a halo of 
WIMPS, and one might expect to observe an annual modulation due to changes in the direction of the 
Earth’s motion. Pierluigi Belli from the DAMA collaboration presented their latest results, which show—at 
a very significant level (9σ)—a periodic modulation with a rise in June and a decline in December. The 
question remains, however, of whether this truly represents a WIMPS signal. This question becomes 
particularly acute in view of the presentation by Elena Aprile, who heads the XENON 100 experiment. 
She reported that her team has not detected any WIMPS signal. Aprile claimed that XENON 100 should 
have seen the DAMA signal, had it been there—and had it been due to WIMPS. The Cryogenic Dark 
Matter Search (CDMS), which runs in the Soudan mine in Minnesota, also presented results. This 
experiment also fails to see any WIMPS. Most independent researchers have seen the negative results 
of XENON 100 and CDMS as two strikes against the DAMA claims. This was the situation until the last 
day of the symposium, when Juan Collar from the Coherent Germanium Neutrino Technology (CoGeNT) 
experiment surprised everyone at the meeting. 

Collar presented preliminary results that (at the 2.4σ level) appear to corroborate the DAMA signal! 
In particular, the results show a tentative modulation that agrees in phase with the DAMA curve. While 
he did emphasize that the results are preliminary, Collar suggested that the failure of XENON 100 and 
CDMS to detect the WIMPS results from an insufficient understanding of the uncertainties and poor 
sensitivity to low-energy events. Collar emphasized that he originally thought that the CoGeNT results 
would refute the DAMA claims, but instead they ended up tentatively supporting them.

It will probably be at least a few years before we will know the final answer about the nature of dark 
matter. Nevertheless, one could hardly have hoped for a more exciting, cutting-edge symposium on a 
hot scientific topic. The race to shed light on dark matter may be entering the home stretch.



  57  

High-Speed Ballistic Stellar 
Interlopers
Dr. Raghvendra Sahai, sahai@jpl.nasa.gov

Astronomers have discovered a new class of bright, high-velocity stars speeding through the galaxy. 
Called “ballistic stellar interlopers,” the stars are plowing through dense regions of interstellar gas at 
velocities possibly as high as 100,000 miles per hour. As they do, they create brilliant arrowhead 
patterns and trailing tails of glowing gas. Fourteen such stars have been identified using Hubble’s 
Advanced Camera for Surveys.

Superficially resembling comets, these stars display bow shock features, which occur when the 
stars’ powerful stellar winds—streams of matter flowing from the stars—collide with the surrounding 
dense gas. The phenomenon is similar to the wake created when a speedboat pushes through water 
on a lake. Hubble’s high resolution has revealed new details in the structure and shape of these bow 
shocks, enabling better analysis of the physics involved.

Resembling comets streaking across the sky, these four speeding stars are plowing through regions of dense interstellar gas and 
creating brilliant arrowhead structures and trailing tails of glowing gas.

This edition of the Institute Newsletter continues to reprint science articles from NASA's annual 
Hubble 2009: Science Year in Review. We are pleased to continue this series with "High-Speed Ballistic 
Stellar Interlopers" by Raghvendra Sahai and "Starbursts in Dwarf Galaxies" by Kristin McQuinn.
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Astronomer Raghvendra Sahai of NASA’s Jet Propulsion Laboratory in Pasadena, California, and his 
team (Mark Claussen, NARO; Mark Morris, UCLA) have estimated the ages, masses, and velocities of 
these interlopers. The stars appear to be young—just millions of years old. Their ages are based partly 
on their strong stellar winds. Most stars produce powerful winds either when they are very young or very 
old. Only stars greater than 10 times the Sun’s mass have stellar winds throughout their entire lifetimes.

But the objects observed by Hubble are not very massive, because they do not have glowing clouds 
of ionized gas around them. They are medium-sized stars that are a few to eight times more massive 
than the Sun. The stars are also not old because the shapes of the nebulas around aging, dying stars 
are very different from those where interlopers are found, and old stars are almost never found near 
dense, interstellar clouds. 

Depending on their distance from Earth, the bullet-nosed bow shocks could be 100 billion to a trillion 
miles wide. This indicates that the stars are traveling fast with respect to their surroundings—roughly 
five times faster than typical young stars. The interlopers were most likely ejected from massive star 
clusters. Assuming their youthful phase lasts only a million years and they are traveling 100,000 miles 
per hour, the stars have traveled about 160 light-years.

There are actually two proposed ways the runaway stars could have been accelerated. In one sce-
nario, a star in a binary system explodes as a supernova, pushing its companion away at high speed. 
The other, more likely possibility is the close approach between two binary star systems—or a binary 
system and a third star. In such cases, one or more of the stars can pick up enough energy through 
gravitational interaction with the others to be thrown from the system. 

Determining how many stars have been ejected from their neighbors is important to conducting an 
accurate census of the various types of stars born in an interstellar cloud. Scientists try to understand 
how efficiently the cloud makes stars; but if stars are being ejected, the total number might be 
underestimated.

Runaway stars have been seen before. The Infrared Astronomical Satellite (IRAS ), which performed 
an all-sky infrared survey in 1983, discovered a few similar-looking objects which were examined 
more closely in the late 1980s. But those stars produced much larger bow shocks than the stars 
in the Hubble study, suggesting that they are more massive stars with more powerful stellar winds.

Another possible scenario is a collision between two binary star systems or a binary system and a third star. One or more of these stars could pick up energy from 
the interaction and escape the system.

One scenario in which a runaway star could be accelerated is if one star in a binary system explodes as a supernova and the partner gets kicked out.
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The stars in this Hubble study are likely the lower-mass and/or lower-speed counterparts to the 
massive stars with bow shocks detected by IRAS. The stars seen with Hubble may represent the bulk 
of the population, both because many more lower-mass stars inhabit the universe than higher-mass 
stars, and because a much larger number are subject to modest-speed kicks.

Sahai and his team used Hubble’s Advanced Camera for Surveys to examine 35 objects that appeared 
as bright infrared sources in the IRAS archive. They were looking for long-lived, pre-planetary nebu-
las—puffed-up, aging stars on the verge of shedding most of their outer layers to become glowing 
planetary nebulas. Instead, the astronomers stumbled upon the ballistic stars.

The team is planning follow-up studies to search for more such stars, as well as to conduct more 
detailed observations on selected objects to understand how they affect their environments. The 
astronomers want to determine if the strong winds from interlopers stir up the clouds where they are 
found, and discover how interlopers affect the formation of the next generation of stars—important 
considerations in understanding how galaxies change over time.

Further Reading
Kruesi, L., “Looking for One Object, Astronomers Discover Another,” Astronomy, 37, 25, 2009.
McKee, M., “Runaway Stars Carve Eerie Cosmic Sculptures,” New Scientist, 2009.http://www.newsci-

entist.com/article/dn16373-runaway-stars-carve-eerie-cosmic-sculptures.html/
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2009. http://news.nationalgeographic.com/news/2009/01/090108-renegade-stars.html/
Sahai, R., Claussen, M., Morris, M. & Ainsworth, R., “Ballistic Stellar Interlopers Producing Bow-Shocks 

in the Interstellar Medium,” Bulletin of the American Astronomical Society, 41, 456, 2009.
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Starbursts in Dwarf Galaxies 
Dr. Kristen McQuinn, kmcquinn@astro.umn.edu

Bursts of star formation in a galaxy occur rapidly, lighting up local pockets for a relatively short period 
of time before dissipating. These “starbursts” begin when an external event compresses areas of the 
galaxy’s gas, leading to the gravitational collapse of clouds that form many stars at nearly the same 
time. The outside triggering event might be a supernova, for example, generating strong shockwaves 
that push the gases together.

But these short, highly localized starbursts appear to be part of a larger story. An analysis of archival 
images of dwarf galaxies taken by the Hubble suggests that starbursts sweep across an entire galaxy; 
their full run lasting up to 80 times longer than astronomers had previously thought for individual, 
localized events. The longer duration may affect how dwarf galaxies change over time, and influence 
galactic evolution as a whole.

NCG 4163 is a dwarf galaxy found in the constellation of Canes Venatici. It is classified as a “starburst galaxy” be-
cause of its significantly elevated star formation rate compared with other similar galaxies. NGC 4163 is located at a 
distance of 9.5 million light-years from the solar system.
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The analysis, led by Kristen McQuinn of the University of Minnesota in Minneapolis, shows that 
starburst activity in a dwarf galaxy occurs on a galaxy-wide scale. Pockets of intense star formation 
propagate throughout the galaxy like bursts along a string of firecrackers. According to McQuinn and 
her team, the duration of all the starburst events in a single dwarf galaxy can extend 200 million to 400 
million years. This timescale is longer than the 5 million to 10 million years proposed by astronomers 
who have studied star cluster formation in dwarfs—they were looking only at individual clusters, and 
not whole galaxies. A typical dwarf galaxy is 10,000 to 30,000 light-years wide, about a third the size of 
the Milky Way. Since dwarfs are considered by many astronomers to be the building blocks of the large 
galaxies seen today, the length of starburst activity is important for understanding how galaxies evolve. 

The researchers analyzed archival Advanced Camera for Surveys data of three dwarf galaxies: NGC 
4163, NGC 4068, and IC 4662. Their distances range from 8 million to 14 million light-years. The 
trio is part of a survey of starbursts in 18 nearby dwarf galaxies. Hubble’s superb resolution allowed 
McQuinn’s team to pick out individual stars in the galaxies and measure their brightnesses and colors, 
two important characteristics used to determine stellar ages. By establishing the ages of the stars, the 
astronomers could reconstruct the starburst history in each galaxy.

Two of the galaxies, NGC 4068 and IC 4662, show active, brilliant starburst regions in the Hubble 
images; this activity is occurring “now.” However, the most recent starburst in the third galaxy, NGC 
4163, occurred 200 million years ago and has faded from its original brightness. The team looked at 
regions of high and low densities of stars, and pieced together a picture of the starburst activity in 
all three galaxies. In the past, the galaxies were producing approximately eight stars every thousand 
years—a low-to-average rate. Then something happened, perhaps an encounter with another galaxy, 
which increased this rate by a factor of 5 to 40 new stars per thousand years—a lot for a small galaxy.

About 300 million to 400 million years ago star formation occurred in the outer areas of these galax-
ies. It then migrated inward as explosions of massive stars triggered new star formation in adjoining 
regions. Starbursts are still occurring in the inner parts of NGC 4068 and IC 4662. The total duration 
of starburst activity depends on many factors, including the amount of gas in a galaxy, the distribution 
and density of the gas, and the event that triggered the starburst. A merger or an interaction with a large 
galaxy, for example, could create a longer starburst event than an interaction with a smaller system.

Starbursts are commonly seen in distant, hence older, galaxies. In that epoch, galaxies had more 
gas with which to make stars, and interactions between galaxies occurred more frequently, because the 
expanding universe was younger, smaller, and denser. McQuinn plans to expand her study to a larger 
sample of more than 20 nearby galaxies. Studying these galaxies, she can view the starburst process 
in great detail. This research will help astronomers to better interpret the more distant observations.

These images show myriad stars residing in the central regions of the three dwarf galaxies NGC 4163, NGC 4068, and IC 4662. The bluish dots are younger 
stars; the reddish dots, older stars. The irregularly shaped red blobs in the images of NGC 4068 and IC 4662 are regions of current starburst activity—areas of 
intense star formation. These sites are bathed in ionized hydrogen gas, which glows red. Starbursts continue up to 80 times longer than first thought, and can last 
200 million to 400 million years. These galaxies show that starbursts are not isolated events, but sweep across a galaxy.
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Update
McQuinn and her team extended their analysis to 20 nearby dwarf galaxies and found that the starburst durations 
range from 450–650 Myr in 15 of the galaxies and up to 1.3 Gyr in four galaxies. These longer durations are 
comparable to or longer than the rotational period of each system, suggesting that these starbursts have an 
important impact on the evolution of the host galaxies. While five of the galaxies presented fossil bursts, 15 
show ongoing bursts and thus the final durations may be longer than reported. One galaxy shows a burst just 
beginning over the last 20 Myr. The bursts are responsible for creating between 3%–26% of the host galaxy’s 
stellar mass. With few exceptions, the bursts are not centrally concentrated, but distributed across the disks of 
the systems. All observations used in the study were archival and originally obtained from either the Hubble ACS 
or WFPC2 instruments.

Additional References
McQuinn, K.B.W., “The Nature of Starbursts. I. The Star Formation Histories of Eighteen Nearby 

Starburst Dwarf Galaxies,” The Astrophysical Journal, 721, 297–317, 2010. 
McQuinn, K.B.W., “The Nature of Starbursts. II. The Duration of Starbursts in Dwarf Galaxies,” The 

Astrophysical Journal, 724, 49–58, 2010.
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