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The Hubble Space Telescope
 Steven Beckwith

Barely two weeks into the new year, on January 16, 2004, NASA 
Administrator Sean O’Keefe called a meeting of the Hubble team at Goddard 
Space Flight Center and announced the cancellation of Servicing Mission 4. The 
decision effectively ended the life of Hubble, and with it the reason this Institute 
was created. Hubble could continue to carry out scientific observations for two or 
three years, but it would eventually shut down as its gyroscopes and batteries 
reached the end of their lifetimes and the telescope froze up. 

We recognized that the loss of Hubble would have a profound impact on the staff 
in Baltimore. It was difficult to see how we could support more than about 40% of 
the present staff on the development of our second big project, the James Webb 
Space Telescope, after Hubble died. A vastly reduced staff would change forever the 
institutional culture that arose with one of the greatest science projects in history.

In the months following the decision, we received an enormous outpouring of 
public support and sympathy. Congress weighed in with resolutions calling for a 
second opinion about the basis for the decision, and the National Academy of 
Sciences set up a committee, chaired by Louis Lanzerotti, to assess the benefits of 
servicing Hubble and the relative risks of different methods. NASA took a hard 
look at Hubble’s value to the public (and to itself ) and decided to pursue servicing 
the telescope using as-yet-undeveloped robotic technology. 

Meanwhile, Hubble continued to produce science results that delighted pro-
fessionals and the public alike: the release of the Hubble Ultra Deep Field was one 
of the biggest press events in astronomy this year; it ranked behind only the popular 
Mars rover discovery of evidence for water on Mars and the Cassini pictures of 
Saturn and its moons.  



Hubble Matters

Lanzerotti’s committee included prestigious experts in all fields needed to assess a 
Hubble servicing mission: scientists, astronauts, engineers, mathematicians, and 
managers with deep experience in spaceflight. Under his expert guidance, the 
committee worked enormously hard to produce a thorough report on Hubble’s 
future. That report became public on December 8, 2004.

The report’s conclusions shed further rays of hope on Hubble’s future. They 
recognize the Hubble Space Telescope is now at the peak of its powers. They see the 
promise of future science every bit as rich and exciting as in the past. They find 
this promise is so bright as to compel further servicing.

We do not know the outcome of the debate over Hubble’s future, but we know that 
the National Academy of Sciences committee charged with assessing Hubble's 
value believes that Hubble must be serviced by some means. Fortunately, there are 
two possible ways to do so: using the space shuttle, as NASA has done successfully 
four times in the past, and using a robotic vehicle to automatically service Hubble. 

To say that the year 2004 had its ups downs would be an understatement of great 
proportions. Those of us whose careers are tied to the space science program have 
experienced the full range of human emotions as we watched the fate of our main 
mission hang in the balance. But we have been buoyed by the accolades heaped on 
the Hubble program by a host of eminent people from all walks of life and the 
general public. Hubble matters to a lot of folks, not just us at the Space Telescope 
Science Institute.

It is, therefore, with some pride that we look back upon the accomplishments of 
this year at 3700 San Martin Drive. The staff was ever diligent in keeping Hubble 
at the forefront through their support of, and contributions to, the science 
program. They never flagged in their enthusiasm for their work or their belief in 
our mission. We were fortunate to have friends support us in our time of need, 
and it was gratifying to thank them for successful efforts to keep Hubble’s future 
bright. Most of all, we are gratified that the public appreciates the science Hubble 
brings to the world and how it inspires the next generation of humanity.

As we go into another new year, we are optimistic that the future of the Institute 
will remain bright and that we can continue to do what we do best, bring you great 
science from one of the world’s greatest observatories.  



 “I have never seen anything as spectacular or more awe inspiring than the images from Hubble. Please don’t ever stop scaring me...or making me think!”  »  “The 

consensus the most important instrument in the history of modern astronomy.”  »  “I recently read that NASA was trying to figure out what to do with 

»  “Please keep up the wonderful work you folks are doing—you have no idea of how many lives you touch. Thank you.”  »  “¡Hola!...Soy un  
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Hubble Space Telescope’s unparalleled ability to peer into deepest space from well above our planet’s thin oxygen envelope makes it by wide  

Hubble, and I would like to suggest that the Hubble be refurbished and used so we can look at twice the sky when the next generation is launched.”  

astronomo aficionado de la ciudad de medellin (colombia)...Me Encanta mirar hacia el cielo y observar todas esas maravillas...Y lo tanto que he aprendido en los ultimos 

— Final Committee Report
Assessment of Options for Extending the Life of the Hubble Space Telescope

“The importance of Hubble is clear to 
all—one need not be a trained  
scientist to know that unveiling the 
birth of stars and galaxies, finding 
billion-solar-mass black holes, and 
helping to discover an entirely new 
form of energy in the cosmos are 
ground-breaking milestones in the 
history of science.”



An example of the capabilities of MULTIDRIZZLE to automatically clean and combine HST images. The top panel shows a portion of the Hubble Ultra Deep Field (UDF), including 
all the cosmic rays that accumulated in an exposure during a single orbit. The bottom panel shows the same region, after the MULTIDRIZZLE software was used to clean the 
exposures and create the final combine  
by cosmic rays if MULTIDRIZZLE had not been used to register, clean and combine these images.

dias leyendo, observando y admirando su material... ¡Amigos hacen un trabajo increible..Dios los bendiga! ¡Gracias!” » “Has any thought or effort been directed toward 

Regardless of how much the new scope may or may not out-rank Hubble, Hubble will still be the second-most-powerful astronomical instrument 

pers... I have meticulosly filed. So my dearest wish is, won’t you please publish a book wherein are stored the beautiful photos from the Hubble 



The beautiful images obtained by Hubble have generally 

required a significant amount of effort to process sequences of 

individual exposures and combine them into a single, clean, 

final image. Individual images contain a variety of artifacts, 

which must be removed before combining them. These artifacts 

include random blemishes from cosmic rays striking the 

detectors, as well as bad pixels and other defects that are 

inherent in the detectors themselves. A standard observational 

technique for mitigating the effects of cosmic rays involves 

dividing an observation into separate exposures, which allows 

the cosmic rays to be removed during processing, since they 

are different in each exposure. Similarly, if the separate 

exposures are shifted to slightly different positions on the  

sky —“dithered”— then detector defects can also be removed, 

since they are relocated in each exposure relative to the 

astronomical objects of interest.

Another reason for shifting each exposure to a slightly different 

location is to help improve the spatial resolution of the images. 

Hubble images have such high spacial resolution—less than 

0.1 seconds of arc—that they are not well sampled by the 

pixels on most of the detectors. The sampling can be improved 

by shifting each exposure by a fraction of a pixel, which 

produces a sharper image when the exposures are combined. 

The standard software for combining the under-sampled, 

dithered images from Hubble is known as “DRIZZLE.” It optimizes 

spatial resolution and maintains the fidelity of other scientific 

properties of the combined images, such as photometric 

accuracy. DRIZZLE can also remove the effects of geometric 

distortion of the Hubble cameras. Nevertheless, it can only 

operate on one image at a time, and lacks the ability to identify 

cosmic rays and bad pixels.

The Institute has developed the new MULTIDRIZZLE software to 

provide an automated means of removing cosmic rays, bad 

pixels, and other detector artifacts, and drizzling them into 

combined images based on their relative offsets. MULTIDRIZZLE 

replaces a series of complex and labor-intensive tasks with a 

seamless, integrated tool to clean and combine images.

In 2004, MULTIDRIZZLE was incorporated into the Hubble archive 

pipeline, providing fully automated cleaning and image 

combination of associated sequences of dithered images from 

the Advanced Camera for Surveys. Prior to this, requests for 

associated exposures from the archive produced limited cosmic 

ray cleaning in cases with no dithering. This did not produce 

clean images for the majority of dithered images. Now, 

MULTIDRIZZLE delivers a clean, combined image for any associated 

set of images requested from the pipeline. The parameters 

have been set so that the combined image should be 

scientifically useful in the majority of cases, without the need 

for further processing by observers.

For observers who wish to optimize the MULTIDRIZZLE process for 

some scientific application, the Institute makes the software 

available to run off-line with their own parameters. 

The inclusion of MULTIDRIZZLE in the Hubble archive pipeline and 

its delivery to the community significantly improve the 

scientific usefulness of Hubble data products. 

MULTIDRIZZLE in the Hubble 
Pipeline: Automatically Cleaned, 
Combined Images
A N T O N  K O E K E M O E R
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the possibility of creating a fully-independent consortium to operate and maintain Hubble once the “nextGen” space telescope goes into service? 

humanity has ever created.” » “I am a relatively new Japanese viewer of your wonderful site. Your pictures, as they appear on Japanese newspa-

telescope? Many wishes for your success.” » “I can’t tell you how many times I’ve logged onto your site simply to enjoy the knowledge and beauty you offer the public 

7



Kepler Spacecraft Kepler Spacecraft Sunside Kepler Spacecraft Rolled Kepler Photometer SC

every day. You are my URL (something akin to a Valentine...). Thanks for all the great stuff. It fills me up.” » “The American Association for the Advancement of Science 

have been interested in Hubble since it’s launch. I am subscribed to your newsletters and visit the site daily. I am a mature student studying astronomy 

of “our tax money hard at work, I’m all for it! As a child of the sixties, I’ve got a bit of space exploration in my blood. And now, thanks to you, I’ve got 



The Institute is partnering with the Kepler project to serve 

as the Data Management Center for this exciting mission. 

The primary goal of the Kepler mission is to determine the 

frequency of terrestrial (and larger) planets in or near the 

habitable zones around a wide range of star systems. The 

Kepler spacecraft will do this by detecting and characterizing 

photometric transit events for ~105 stars in a single field 

near the Galactic plane. The expected photometric precision 

achieved by the Kepler mission is 20 parts per million for a V = 

12 magnitude G2 dwarf star observed for a total of 6.5 hours. 

Kepler is currently in development and is scheduled for launch 

in October 2007 onboard a Delta II rocket. The satellite will be 

deployed into an earth-trailing heliocentric orbit, chosen for 

its stable gravimetric, magnetic, and thermal environments. 

The nominal mission lifetime is four years. 

Advocates of later planet-finding missions, such as the Space 
Interferometry Mission and the Terrestrial Planet Finder, will no 

doubt be watching the results from Kepler with much interest.

The Institute will serve as the Data Management Center (DMC) 

for Kepler. We will be responsible for all data processing 

through the basic calibration of the data. The DMC will also 

take on the functions of populating and managing the Kepler 
data archive, including the storage and dissemination of the 

light curve data. There will be strong coordination between our 

DMC activities and those at the Science Operations Center, 

located at NASA’s Ames Research Center. The preliminary 

design review for the DMC element was conducted and passed 

in August 2004. Institute staff members Daryl Swade and Dave 

Taylor are leading the DMC design effort and are now refining 

the concepts for the DMC computing and network infrastructure. 

Ron Gilliland, a member of the Kepler science team and an 

Institute astronomer, has also played a key role in our DMC 

design and planning. The final Kepler data archive will contain 

approximately 4 terabytes of compressed data. The data down-

link rates and processing requirements for Kepler are about 

one-third the rates required for Hubble, and thus we will minimize 

development costs by sharing or re-using systems already in 

place whenever technically and programmatically feasible. 

In addition to its core science program, up to ~3000 Kepler 
targets may be selected for research by Guest Observers (GOs) 

based on peer-reviewed proposals. GO targets will be updated 

on three-month timescales, corresponding to the periodic 

spacecraft roll maneuvers needed to maintain thermal stability. 

The GO targets must lie within the field of view selected for the 

core Kepler science program.

More details about the Kepler mission are available on-line at 

http://www.kepler.arc.nasa.gov. 

Institute Prepares for Role 
as Kepler’s Data Management 
Center
M A R C  P O S T M A N
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(AAAS) Council believes that the Hubble Space Telescope is an international treasure that has inspired the people of America and the world.”  »  “I 

by distance learning with John Moores University here in the U.K. Many thanks from a huge fan of HST.”  » “Simply magnificent!  This is an example 

“deep field north” on my desktop!  Any opportunity I have to promote space exploration in any way I do, and will. Add me to your list of “satisfied customers” and keep 

9
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NVO SUMMER SCHOOL: Participants in the first NVO Summer School, which was held in Aspen, Colorado, in September 2004, took a break from their studies for this 
group photo in front of the Aspen Center for Physics.

The REGISTRY  
finds source catalogs, 

observation logs, image 
archives, and other 

astronomical resources 
registered with the NVO.

The DATASCOPE  
is based on the REGISTRY, 
and locates, delivers, and 

visualizes data  
for any given position or 

object in the sky.

OPEN SKYQUERY  
cross-matches large  
survey catalogs with  
each other or with a  

user-provided source list.

HOW TO PUBLISH  
TO THE NVO is a step- 

by-step guide for 
astronomers to make their 
data collections available  

to NVO users.

Web-Enabled Source  
Identification with Cross-Matching, 

automatically analyzes a user-
supplied image with SEXTRACTOR  

and cross-correlates the  
derived source list with  

selected survey catalogs.

SPECTRUM SERVICES 
searches, plots, and 

analyzes spectra from the 
Sloan Digital Sky Survey, 

2dF survey, and other 
spectral catalogs.

THE NVO TEAM  
RELEASED ITS FIRST SET OF  
APPLICATIONS AND TOOLS  

FOR THE  
ASTRONOMY COMMUNITY.

up the fine work.” » “Wow I am so impressed! Thank you for giving us access to these wonderful images. Hubble should expand everyone’s mind!” » “Hello! I am Serkan. 

amazing.” » “Today I received a packet of wonderful, unbelievable pictures taken by The Hubble Space Telescope. Hubble is showing us just how 

tion—you stretch my reach, I wanna grasp more, yea enfold your 14 billion yr. old theater the way your kid locks eyes with you, smiles and melts you 



The Space Telescope Science Institute and The Johns Hopkins 

University (JHU) are among the leading organizations building 

the U.S. National Virtual Observatory. A five-year, $10 million 

award to JHU from the National Science Foundation Information 

Technology Research Program supports the development 

of the NVO. Alex Szalay (JHU) is the principal investigator 

and project director, and the Institute’s Bob Hanisch is the 

project manager. The NVO collaboration includes fifteen 

other organizations in the U.S. and Canada. This project is a 

cornerstone of the International Virtual Observatory Alliance, 

which brings together 15 national and international projects 

to develop VO standards, exchange technical experience and 

ideas, and coordinate long-term planning.

The NVO’s ultimate objective is to enable new scientific 

research based on enhanced access to data and computing 

resources. This means developing tools that make it easy to 

locate, retrieve, and analyze astronomical data from archives 

and catalogs worldwide. Many Institute-based data services, 

such as the data holdings of the Multimission Archive at 

Space Telescope (MAST), the Hubble exposure catalog, and 

Hubble preview images, are now available within the VO 

framework and can be easily compared to data holdings and 

astronomical catalogs at other U.S. and international data 

centers. Similarly, JHU provides access to the Sloan Digital 

Sky Survey source catalogs and images through VO-compliant 

interfaces. Institute and JHU technical staff work together to 

define and develop the protocols for data location and access, 

and to implement these protocols in astronomer-friendly user 

interfaces and applications.

To engage the astronomical community in the research 

possibilities of the NVO, Institute and JHU staff helped 

organize and conduct the first NVO Summer School, which was 

held in Aspen, Colorado, in September 2004. In this week-long 

program, they provided tutorials and individual assistance to 

the 40 participants, who learned how to use the NVO tools 

and programming environments and how to develop their 

own VO-enabled applications. Planning is already underway 

for a second Summer School, which may become a continuing 

annual or bi-annual event.

The recent relocation of Institute staff working on NVO and 

MAST to the JHU Physics & Astronomy building has facilitated 

the already vigorous and productive collaboration with more 

frequent and informal contacts. 

Further information about the Institute-JHU NVO-related acti-

vities is available at http://nvo.stsci.edu/. The main U.S. NVO 

web site is http://us-vo.org/. 

The National 
Virtual Observatory

B O B  H A N I S C H
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I am from Turkey and I am a helicopter technician in the Turkish army aviation. I visit your site for first time and the pictures and informations are 

minute we are, ‘like grains of sand on a beach’.” » “You boggle this poor old man’s mind! You loose these surly bonds—you inflame the imagina-

away. Thank you.” » “Hubble should be repaired and plan on a series of robotic house calls.”  »  “I have a real emotion every time I think about Hubble. I wonder what 

11
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Mr. Hubble himself could feel if he just had had the opportunity to see all this. I think Hubble is one of the best expressions of this great Nation!” » “I am a private citizen, 

program in some way, to ensure further great work is done?” » “I love the Hubble site and could not wait for the first images! Hubble should be placed 

incredible pics of C153 crashing through the universe at 4.5 million miles an hour. The breathtaking pictures boggle the mind. By the way, you guys 
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and I really appreciate the enormous work that is done with the telescope. I would like to know is there anyway I can contribute to support the 

in safe orbit when it is out of commission and picked up later by our first interplanetary Space craft for delivery to the Smithsonian!” » “Just got the 

must have the best jobs in the world. The things you must see and learn as a matter of course seem to be, well—spellbinding.” » “I fully support any efforts to maintain 

— John Mace Grunsfeld 
NASA Chief Scientist, Veteran Astronaut and Astrophysicist, Quote from Chicago Tribune

“Hubble is the most significant and 
productive scientific instrument ever 
crafted by humans. The mission of 
NASA can be described as one of  
exploration, discovery and inspiration. 
It is in part to enable great scientific 
discoveries in the exploration of the 
universe that as astronauts we are 
willing to risk our lives.”



Denise Smith  —  8 years

Karen Schimpf — 13 years

Marc Postman — 15 years

Tania Laguerre — 5 years

Tony Krueger — 14 years

Manager  |  Origins Education Forum within the Office of Public Outreach (OPO)

Comptroller  |  Business Resource Center

Head  |  Community Missions Office (CMO)

Administrative Supervisor  |  Director’s Office, Program Management, Office of Technology, Business Resource Center

Chief Engineer  |  Engineering Software Services Division

the Hubble Telescope in operations and to schedule a shuttle maintenance flight.  We have not exhausted the science we can gain from this rare asset.”  »  “As much as 

a load of grandchildren) in order to explain my interest in what is “out there”. Who do we write, or call, how can we keep Hubble going? There is so 

pictures.... I think they’re incredible!”  »   “The Hubble Space Telescope has provided SO much information.  It is incredible, to say the least.”  »  “To 
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DENISE  SMITH

Denise was born and raised in Madison, Wisconsin, and was 
instilled with a strong sense of her Norwegian heritage and  
a quest for knowledge from an early age. Initially drawn to 
science by Wisconsin’s glacial history and National Geographic 
specials on archaeology, Denise’s interests turned to astro- 
nomy when images from Viking and Voyager began to appear 
prominently in the local newspaper. The scientific exploration 
of the solar system played to Denise’s love for detective  
stories. Science and astronomy provided the ultimate detective 
story and the ultimate adventure—one in which missions like 
Viking and Voyager generated as many new questions as  
they answered. 

Not sure where her interests would lead, Denise took classes in 
mathematics and science and searched for mentors and 
inspiration amongst the careers of Mary Leakey and Amelia 
Earhart. Denise quickly found a home in the physics department 
upon entering the University of Wisconsin at Madison. Her 
career in astronomy began the day she stepped off the elevator 
in Chamberlain Hall in search of a summer research position 
and discovered an enticing display of space physics hardware 
and images of celestial objects. Denise spent the next two and 
a half years in the space physics laboratory learning about  
X-ray instrumentation and sounding rocket payloads. 

Graduate studies at Cornell University provided the opportunity 
to explore the universe with the Palomar 5-meter telescope. 
Denise’s Ph.D. thesis focused on galaxies experiencing rapid and 
intense episodes of star formation, i.e., “starburst galaxies.” 
The underlying research skills and strategies that Denise dev-
eloped in the Cornell astronomy department would turn out  
to be just as important to her future endeavors as the  
research itself. 

While teaching undergraduate astronomy, Denise met Michael 
Smith, a fellow graduate student pursuing a Ph.D. in planetary 
atmospheres. Mike and Denise were married in 1992 and 
developed a passion for bicycling in the hills and countryside of 
Ithaca. The dual-career couple headed to the Baltimore-

Washington area in 1994 to begin National Research Council 
postdoctoral positions at Goddard Space Flight Center. Denise’s 
research at Goddard focused on galaxy images obtained by the 
shuttle-borne Ultraviolet Imaging Telescope. Outside of work, 
Denise and Mike embarked on a new adventure, with the birth 
of their first son. Drawn by the strong staff interest in starburst 
galaxies, Denise continued her postdoctoral research at Space 
Telescope Science Institute shortly thereafter.

With a small child toddling about the Smith household, Denise 
also began to recognize the importance of explaining science 
to the public and encouraging children to follow their dreams. 
A flyer called for scientists to work with educators in developing 
online classroom activities for OPO’s Amazing Space program, 
and Denise volunteered. Over the course of a summer, Denise 
discovered the challenges and rewards of accurately conveying 
scientific research to the public, working with the development 
team to explain and place galaxy research into an age-
appropriate educational context. 

The birth of Denise’s career in education and public outreach 
coincided with the arrival of a second son and a permanent 
research position at Goddard for Mike. Denise joined the 
Institute in 1997 as a postdoc and began working full-time with 
OPO, applying her research and analysis skills to placing the 
science of individual missions into the broader context of the 
astronomical search for the origins of galaxies, stars, planets, 
and life. She has led the development of The Electromagnetic 
Spectrum poster and its distribution through professional 
journals for educators, helped with strategic planning, and 
implemented partnerships with NASA missions and external 
organizations. She currently manages the Origins Education 
Forum within the Office of Public Outreach (OPO). The Origins 
Forum’s accomplishments reflect a strong team, and Denise 
enjoys learning from the wide range of talented individuals 
within OPO. 

Denise deeply appreciates her loving family’s support and the 
many mentors that have shared with her their perspectives on 
astronomy, education, leadership, and management over the 
years. “Each of them has inspired and challenged me in different 
ways, helping me to grow professionally and personally.” She 
enjoys spending time with her husband and two young sons, 
with a bit of reading, bicycling, or violin playing on the rare 
occasions when the Smith household is quiet and chores are 
done. On a clear night, Denise can be found gazing at the 
heavens with binoculars or a backyard telescope, surveying the 
stars and their cosmic mysteries. 

I like the idea of more space exploration, I dislike it at the expense of Hubble. I have passed this web site address on to so many people (including 

much to learn.”  »  “Thank you from France for those magnificent pictures of our universe.”  »  “Just want to thank you for the beautiful, inspiring 

me this project has done a great job and has provided a service to the tax payers were they can see the results of their giving, with continued servicing to Hubble we 

15



could actually see what we will never travel to in several life times. Traveling to the Moon and Mars are noble endeavors, but I’m sixty years old, and I would rather see 

your site! that’s so great, magnificent, since three years you make me dreaming and travelling in the universe: “bravo et merci” (from Paris- 

makes it the way it is. What strange things—and awesome and beautiful things—are out there that we’ve never imagined?”  »  “The mission of 
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KAREN SCHIMPF

Born and raised in Philadelphia, Pennsylvania, Karen Schimpf 
received a Bachelor of Science degree in Accounting from 
Saint Joseph’s University. After obtaining this degree, Karen 
spent a year working at a small accounting firm in Center City, 
Philadelphia. Upon relocating to Baltimore, she worked in the 
commercial environment and for a local hospital. 

In March 1991, Karen began her work at the Institute as a 
temporary consultant, helping in the accounting department 
during the illness of a permanent staff member. She went on 
to the Contracts and Sponsored Programs Office, assisting  
with completing budgets during Cycle 2. Karen then went on to 
help AURA complete the proposal process for the first option 
on the Hubble program. This was supposed to be a four- to 
six-week assignment. Thirteen years later, she is still working 
at the Institute!

In July 1992, she became an AURA employee when she was hired 
permanently into the Business Resource Center as a budget 
analyst. One of her first assignments was to help convert the 
budget software to a new system. Further assignments included 
developing staffing plans and non-labor detail reports in LOTUS, 
and later in EXCEL. External reporting documents were converted 
from WORDPERFECT to LOTUS in order to streamline monthly and 
quarterly reporting requirements.

Karen progressed “up the ranks” to eventually become super-
visor of the budget department. As the budget department 
began to integrate with the accounting department, it took 

on additional special projects, such as developing electronic 
timesheets and serving as liaison to the Defense Contract 
Audit Agency, all the while continuing to provide the budget 
function for the Institute. These special projects caught Karen’s 
attention, so much so that when the budget department was 
transferred to the program management group, Karen remained 
in the Business Resource Center to continue with them. The  
list of special projects has grown to include, for example, 
property control. 

As you can see, Karen has worn many different hats during her 
time at the Institute, which has enabled her to learn a variety of 
different issues and work with many different staff members. 

She resides in the Edgemere area of Baltimore County with 
her two children. Much of her spare time is spent in activities 
revolving around her children, such as doing volunteer work for 
the local recreation council and for her church. 
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MARC POSTMAN

Marc was born and raised in New York City and is proud to report 
he was only mugged once. Marc is the oldest of his parents’ 
three children, all of whom were well exposed to the many 
cultural and fun activities available to kids in New York. These 
included art classes at the Metropolitan Museum of Art, the  
New York Philharmonic children’s concerts, hurling water 
balloons off the roof of their apartment building on Halloween 
(and whenever else they felt so inclined), attending Mets’ 
games, and using a small telescope to observe the six visible 
astronomical sources one can see from NYC—as well as the 
neighboring apartments. Marc’s father, Neil Postman, was 
renowned for his studies of the influence of technology on our 
culture, but more importantly (to Marc) for his sense  
of humor—a trait that Marc has nourished throughout his  
own life. 

Marc pretty much knew that he wanted to be a scientist from an 
early age, and he was attracted to careers in oceanography 
(thanks to Jacques Cousteau and Jules Verne) and astronomy 
(thanks to NASA, Star Trek, and Carl Sagan). Astronomy even-
tually won after a particularly rough crossing of the North Sea 
during a family vacation in Europe.

Marc began his college career at New York University, but after 
two years transferred to MIT, where he received his bachelor’s 
degree in physics in 1981. MIT provided a wonderful introduction 
to what research was all about and included stints working in 
Mildred Dresselhaus’s solid-state physics lab (with more cool 
and expensive hardware than Marc had ever seen) and working 
with George Ricker at the Center for Space Research, where 
Marc risked radiation exposure to measure the high energy  
X-ray reflectivity of graphite crystals. Marc’s years at MIT led 
not only to a great education, but also to a love affair with the 
city of Boston and a love-hate relationship with the (no longer 
cursed!) Red Sox. Thus, when the opportunity came his way to 
study for his Ph.D. in astrophysics at Harvard, Marc jumped at 
the chance. Once at Harvard, Marc quickly gravitated to the 

exciting research being done by Margaret Geller and John 
Huchra using the (at the time) large CfA redshift survey. Marc’s 
thesis research, done in collaboration with Margaret and John, 
forged a scientific career focused on understanding the origin 
and evolution of large-scale structure in the universe and the 
properties of clusters of galaxies. Marc received his Ph.D. in 
1986 and then went to Princeton for three years to work with 
Jim Gunn on the first automated CCD-based survey for distant 
clusters. While at Princeton, Marc developed several key 
collaborations of his own, including one with his good friend 
and colleague Tod Lauer, which led to an innovative but 
controversial study of large-scale motions of galaxies. Most 
recently, Marc has been leading a large research effort as part 
of the Advanced Camera for Surveys Investigation Definition 
Team. The team has observed seven of the most distant galaxy 
clusters with ACS, some as far off as 8.7 billion light years, to 
understand how the galaxies in these very dense environments 
evolve and what their formation mechanisms might be.

Marc joined the Institute staff in 1989, where he worked with 
Barry Lasker and the staff in the Catalogs and Surveys branch to 
photometrically calibrate and distribute the Institute’s massive 
archive of digitized sky survey data. He eventually moved into 
the role of head of the Hubble archive branch, where, with Bob 
Hanisch, he oversaw the birth of the Multimission Archive at 
Space Telescope—NASA’s optical/UV science archive. Marc’s 
scientific interest in large-scale structure naturally led to an 
interest in fostering the tools to facilitate the manipulation of 
large-scale astronomical databases. Under Marc’s leadership, 
and with the assistance of many talented staff, MAST deployed 
several pioneering data-mining utilities, including the GALEX 
science archive and the WFPC2 pointings and association search 
tools. After eight years of work in the archive, Marc took the 
opportunity to work with Melissa McGrath to nurture the growth 
of the Institute’s Community Missions Office (CMO). Marc is now 
head of CMO, and is excited about several prospects on the 
horizon where he feels the Institute will be able to play an 
important operational and scientific role.

Marc and wife Barbara Baxter have two daughters, Alyssa (15) 
and Claire (11). When he is not helping Barbara chauffeur the 
girls around town, Marc uses his 135 minutes of free time to 
play the occasional game of tennis, jam on his electric guitar 
(thank goodness for sound-proofing), or scout Best Buy and 
Home Depot for the latest toys. 

the heavens.”  »  “You are doing an outstanding job, not to mention a great service to humanity.”  »  “Happy new year and once more : thanks for 

France)!”   »  “Hubble answers the most basic questions that human beings want to know the answers to: How big the universe is, how old it is, what 

Hubble will come to an end one day. That day is too soon for me—the photos I have seen from the telescope are spectacular and awesome.”  »  “Please tell me who I 
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TANIA  LAGUERRE

Tania, a Haitian-American, was born in 1973 in Brooklyn, NY. 
At a young age, Tania, being an avid reader of Greek mythology, 
developed an admiration of those who were in leadership 
roles. She also had a passion for being empathetic to others by 
putting herself in their shoes to understand their needs. Tania 
attended Edward R. Murrow High School, where her education 
included liberal arts and business classes. She was also part 
of the school choir, where her passion for music and singing 
was born. After taking several science classes at Murrow, her 
interest in science—particularly in biology and astronomy—
grew. In turn, Tania has spent most of her professional life 
employed by scientific organizations.

After graduating from Murrow in 1991, Tania attended City 
College of New York to pursue a degree in computer science. 
During her pursuit, she worked at the Wildlife Conservation 
Society (the Bronx Zoo) in the Government Affairs Department, 
where building and maintaining relationships with elected 
officials was critical to the department’s success. One of the 
best things about working at the Bronx Zoo was “It's not 
everyday you see an elephant.”

In late 1998, Tania moved to Maryland and in January 1999 
began working for the Space Telescope Science Institute in the 
Human Resources Office as an Administrative Assistant. After 
two years in that role, Tania moved to the Director’s Office 
and served as one of the Executive Assistants. Tania has since 
been promoted to Division Administrator and is currently the 
Administrative Supervisor for the Director’s Office, Program 
Management, Office of Technology, and the Business Resource 
Center. Tania welcomes the challenges of her new role and 
enjoys working with colleagues in various departments under 
the leadership of the senior managers she supports. 

In her current role, Tania’s responsibilities include ensuring 
support for the Director and other senior management staff by 
delegation to herself and her staff. "I feel honored to work at 
the Institute with colleagues that have diverse backgrounds  
and different skill sets, who are appreciated for what each 
brings to the table, allowing us to contribute most effectively 
as a team." One of her favorite projects is working on the 
Women’s Science Forum alongside the Chief Information 
Officer. The forum is a program for young women interested in 
mathematics, science, engineering, and technology as career 
options. The Women’s Science Forum exposes its participants to 
activities and experiences that are representative of the work 
done by individuals in scientific and technical careers.

During her employment, Tania’s interest has grown in the 
intricacies of security for information systems, and she attends 
The Johns Hopkins University to finish a degree in that field. 
Also, Tania is a member of the FBI Maryland InfraGard Chapter. 
InfraGard is a non-profit alliance created with the goal of 
increasing the nation’s security through enhanced awareness, 
communication, and cooperation between the companies and 
agencies that provide critical infrastructure. 

Tania enjoys reading, movies (with Star Wars being #1), 
listening to music, karaoke, and dining out. She has three 
daughters Chantelle (10), Priscilla (7), and Josephine (4). 
Chantelle and Priscilla are both honor students at their schools. 
Tania and her significant other, Joseph Anderson Jr., are active 
members in the Christian community. In their free time, they 
enjoy spending quality time with their children, dog Boxer, and 
two cats, Rim and Tim. 

can write to save HST, which has clearly been the greatest astronomical tool of the 20th and 21st centuries.  Please do not give up.”  »  “Hubble’s extraordinary Images 

a way. ”  »  “I use Hubble—in workshops with recovering heroin addicts in a prison. They are often blown away. Its somewhat charming that Hubble 

and is one of the most positive, tender images of the human place in the universe.”  »  “I would put Hubble next to the Wright Brothers’ flier in terms 
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TONY KRUEGER

Tony was born and raised in Baltimore, Maryland. His childhood 
was filled with sports, friends, family, and an avid interest in 
science and math. His interests in these areas did not wane 
during college. He attended Towson University, where he ob-
tained a degree in Computer Science with a minor in 
Mathematics. During his undergraduate years he was selected 
to participate on a university team that conducted signal 
analysis research for the AAI Corporation. Not only was he 
active in academics, but he also made time to play sports and 
participate in various clubs. He spent his summers as a leader 
on an “Outward Bound"-like program offered by Towson 
University to incoming freshman. When he was not leading 
freshmen through the woods or climbing rock walls, you could 
find him touring across the continent or up and down the 
eastern seaboard on his bicycle. 

After graduating, Tony was employed at the Defense Department. 
He spent eight years working in the area of artificial intell-
igence, concentrating on natural-language expert systems and 
“uncertainty reasoning.” His expertise was taking research 
concepts and applying them to operational systems. He worked 
on numerous projects where he used natural-language 
techniques to parse and identify electronic digital signals. On 
another project, Tony wrote a graph-traversal algorithm that 
used Bayes’s theorem to determine the launch status of ballistic 
missile bases. During this period, Tony received his Masters degree 
in Computer Science from The Johns Hopkins University.

Tony was attracted to the Institute because of his interests in 
long-range planning and in astronomy. He had taken some 
astronomy courses in college and found them quite interesting. 
Tony accepted a position at the Institute a few months after 
Hubble’s launch, in 1990. 

He spent his early years at the Institute working on Hubble 
long-range planning tools. He found this work very exciting 
and challenging, because it came at a time when the Institute 

was just starting to define its long-range planning process and 
how it would be integrated into Hubble operations. Besides his 
planning work, Tony became quite knowledgeable on relational 
databases and was responsible for designing and implementing 
the first version of the database that stores the Hubble science 
programs (“ASSIST”).

In 1994, Tony was selected as the technical project lead for 
deploying a new system to prepare Hubble proposals, called 
“RPS2.” In addition to leading the project, Tony contributed  
to the software development effort and gained a great deal  
of experience working with the Hubble operations staff and 
science community.

Tony returned to working on Hubble long-range planning prob-
lems in 1996. He was selected as the Deputy Branch Manager for 
the Advanced Planning Scheduling Branch and served as the 
technical software lead for the Hubble long-range planning 
tool (“Spike”). 

In addition to his work on Hubble, Tony has had opportunities 
to gain knowledge about other astronomical missions, both 
orbiting and ground based. He has led numerous projects to 
implement Spike for other observatories, including FUSE, Subaru, 
Chandra, and ESO VLT.

In late 2000, Tony was selected as the Branch Manager for the 
Astronomer’s Proposal Software Team. His team was responsible 
for the development of a new Hubble proposal preparation tool, 
“APT.” Not only was this tool a replacement for the RPS2 tool he 
worked on many years prior, but it also incorporated new fea-
tures not previously available to the Hubble science community. 

To date, Tony has been working at the Institute for over 14 
years and currently serves as a Chief Engineer in the Engineering 
Software Services Division. 

Tony is very proud to be part of the Institute, because it is an 
exciting and fun place to work. He has found working here to be 
very rewarding because of the “can do” team atmosphere, where 
talented people from a variety of backgrounds and skills work 
together to get the best science out of the observatory. 

When not working, Tony enjoys spending time with his family 
and friends. His family shares his love of sports, outdoor 
activities, and vacations in the Caribbean. When he is not hiking 
or biking with his family, you can often find him on the 
basketball court with his Institute colleagues. He has even 
competed in several short distance triathlons. 

of planets, nebula, star clusters, galaxies and of our universe have been worth every penny. All of the Images are Priceless. If there is a will there is 

can inspire in this way, break open an individual’s world-view far away from the science of it all…. The telescope’s presence is poetic and sublime 

of valuable icons.”  »  “The images produced are beyond words and certainly brings the “space” program down to earth for the average individual. The science  
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contained in the data has helped define who we are and where we are in the cosmic scope.”  »  “You cannot imagine how sad I was to hear the Hubble Telescope is  

The Hubble Telescope has answered a question for me, that I had wondered about since I was a child:  ‘Just what other sites are out in space, other 

father. Dad was in the Navy from 1939 to 1959. During his Navy career, he spent 15 of the 20 years at sea, his job was charting the passage of his 



heading on its final journey. I have found the Gallery of spectacular sites a true example of our intelligence, effort and belief in our scientific skills. 

than the Planets and their moons.’”  »  “The telescope has been especially interesting for me, because it has given me joy to discuss it with my  

vessel to their destinations. He did not have computers, GPS or other exotic communication devices, he had his sextant, binoculars, charts, pencils, protractor, compass 
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“The Hubble Space Telescope is clearly 
one of NASA’s most noticed science 
projects, garnering sustained public 
attention over its entire lifetime.  
In effect, Hubble has become a model 
to show how NASA can combine 
its own unique expertise with that 
of scientists to educate the public 
about the natural world.”

— Final Committee Report
Assessment of Options for Extending the Life of the Hubble Space Telescope



A typical three dimensional view of the universe using the distances derived 

by measuring the redshifts of galaxies. Each plane is labeled with the 

lookback time,  i.e. how far back in time the light we see left these galaxies.  

We can see galaxy assembly in action, many nearby galaxies seem large  

and well-formed while the distant galaxies are irregular.

EXTRUSION ANIMATION
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BILLIONS OF LIGHT-YEARS

and determination. I recall the first time I invited dad to look at the beautiful pictures from the Hubble. He looked closely at each picture, gazing into the visions he saw 

dad was excited by the beauty, splendor and advancements made by you the Scientists and our Nation, but he was also saddened because of all those 

was far beyond the power of his sextant. I realize the destination of visiting other planets and the potential of extracting information to advance our 
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Depth—in terms of distance—is information not easily obtain-

able from images. The first step in measuring distances is to 

obtain the spectra, i.e., split the light from these sources into 

finer colors, like sunlight through a prism, or in a rainbow. 

When you do that, the light often shows features like breaks 

or sharp lines (see High Redshift Spectra on page 24). The 

distance information for galaxies can then be obtained 

by comparing the spectra of nearby and distant galaxies 

and measuring shifts of these spectral features. Due to the 

expansion of the universe, all features shift towards the red for 

distant galaxies—a phenomenon originally discovered by Edwin 

Hubble. It is fitting then that today we are able to measure the 

distances (“redshifts”) to some of the faintest and most distant 

galaxies using the telescope named after him.

Being in space, the Hubble Space Telescope is able to see 

faint galaxies that are difficult to detect from the ground, even 

with the largest telescopes. This is especially true for distant 

galaxies, which are very red because their blue light has been 

absorbed by the intergalactic matter between there and here. 

The reasons for Hubble’s sensitivity are manifold: ground-based 

observatories suffer from blurring of the image by small motions 

in the Earth’s atmosphere. Above the atmosphere, Hubble forms 

sharper images and so can see small, distant galaxies. Less well 

known is the fact that our atmosphere also glows in the red and 

infrared. Hubble is removed from this, so it looks through much 

darker skies in the infrared.

For the first time two years ago, all these strengths of Hubble 

were used to carry out deep spectroscopy of the HUDF. The 

imaging was carried out using about a month of telescope time. 

The spectroscopy was done under the GRism ACS Program for 

Extragalactic Science project (GRAPES), using about one-tenth 

of the time that went into imaging. 

The grism is a prism of glass with grooves on one face that 

disperses light from each galaxy into a spectrum. The grism 

gives low-resolution spectra—it does not split the light into as 

many components as some of the ground-based spectrographs. 

It is only able to identify and measure distances to about  

10–20% of galaxies: ones with a lot of star formation (where 

star-forming gas produces a prominent emission line) or 

galaxies with light dominated by old stars (which produces 

steps in brightness at diagnostic wavelengths). Due to the 

redshifting of these prominent features, some distance intervals 

are easier to explore than others. In spite of these limitations, 

the grism provides a powerful new probe of the distant universe, 

an important complement to observations with giant ground-

based telescopes.

What is the depth of the Hubble Ultra Deep Field (HUDF)?  To an astronomer, “depth” usually refers 
to faintness of the sources that can be detected. A deeper observation detects fainter sources. The faintest 
sources in the HUDF are 10 billion times fainter than an average human eye can see.  But in common 
parlance, “depth” often refers to a distance, as in “how deep is the water?”
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Plumbing the Depth of  
the Hubble Ultra Deep Field
S A N G E E T A  M A L H O T R A

before him, reading over and over the explanations given for the content of the pictures. After a while, he looked up at me, with tears in his eyes, 

years peering into the night sky in the middle of the Pacific, China Sea, Atlantic or other bodies of water the Navy took him, he never imagined what 

medical, historical, scientific and social knowledge is necessary and will benefit mankind in its own right, but your accomplishments have been awesome and for as long 



as I live, I shall consider the Hubble and the beautiful gifts of space enjoyed over these past years, as the most exciting and rewarding achievement. Thank you for giving 

étoiles est fascinant. Je regrette que l’on parle de l’arrêt prochain de ses services.”  »  “Sometime in the future, we may well feel the excitement of 

as the Hubble Space Telescope is giving us.”  »  “Losing our eyes in space would be a loss to all humanity. Hubble I thought gave us the potential to 

These four panels show the spectra of different classes of objects that have the red 

colors characteristic of high-redshift galaxies. In all cases there is more light on 

the right (red) side of the spectrum than the left (blue). However, only the galaxies 

that show a sharp step function are the real high-redshift galaxies. Spectroscopy 

helps us identify the nature and distances of these objects.

We discovered early on that HUDF and GRAPES are not just 

extragalactic surveys. The distance scale starts within our own 

galaxy. The closest object we have identified is only 2000 light- 

years away, in the disk of the Milky Way. Such nearby sources 

are low mass stars, M-dwarfs, which have distinct spectral 

signatures and are very faint and common. 

Finding the distances to stars in our galaxy is qualitatively 

different from finding distances to remote galaxies, where we 

use the Hubble expansion and redshifts. For stars, we use the 

spectral features to identify their type, which tell us how bright 

they are intrinsically, and then use the ratio of intrinsic-to 

observed brightness to get the distances.

Much further out on the distance scale come small galaxies that 

are very actively forming stars. The typical distance is 6 billion 

light-years, or about half the age of the universe. This period 

was the peak of star formation, and since then galaxies have 

been slacking off. The galaxies that can be identified with the 

grism have prominent emission lines from gas that has been 

ionized and heated by active star formation. These are small 

blue galaxies, much like some of the dwarf galaxies seen locally. 

Quite interestingly, they do not show the increase in size with 

time seen in galaxies without prominent emission lines.

At about the same distances, we also see massive elliptical 

galaxies, which appear to have stopped forming stars by the 

time the universe was 2 billion years old. While we were not 

surprised to find old, distant galaxies, we were surprised to find 

as many as we did.

Studies with Hubble and ground-based observatories inde-

pendently confirm that old elliptical galaxies were fairly 

common when the universe was 3 billion years old. These 

galaxies formed stars early and rapidly, while others formed 

their stars over much more prolonged periods. Further study 

of such galaxies should provide insight into what prompts the 

onset of star formation, and what ultimately stops it.

HIGH REDSHIFT SPECTRA
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me a thrill of my lifetime.”  »  “Bonjour, Je m’excuse de vous écrire en français. Merci. Je trouve le travail de Hubble formidable, son regard vers les 

human feet on another planet. But we hope that is not before we know what it is we’re going to see and why, and that takes science—science such 

go where “NO MAN OR WOMAN HAS GONE BEFORE”. Before it is de-orbited, I hope Hubble will be recognized as one of seven wonders of the world.”  »  “I am not alone 

We can identify the most distant galaxies because of a dramatic 

spectral feature that redshifts into the observed color range (see 

High Redshift Spectra). Beyond redshift 4—which corresponds 

to about 1.5 billion years after the Big Bang—we can measure 

the distances of all star-forming galaxies.  In the HUDF, we 

see about 50 galaxies at these great distances—seeing them 

as they were 12 and 12.8 billion years in the past, when the 

light reaching us today began its journey. These are some 

of the most distant galaxies ever seen. Because the HUDF  

goes very faint, we are able to study the typical galaxies at 

those distances.

Looking at the colors of these remote galaxies reveals their 

youth; they have younger stars than the galaxies that we see 

in the nearby, older universe. The appearance of these young 

galaxies is ragged and irregular, partly because we are seeing 

them originally in ultraviolet light and partly because they are 

still in the process of formation. Untangling the two effects will 

be valuable.

Because spectra give accurate distances to galaxies, we can 

discern how they are distributed in three dimensions (see 

Extrusion Animation on page 22). We find that galaxies 

are clustered all the way where we have been able to look. In 

the HUDF, we see a cluster or “wall” of galaxies at a distance 

of 8 billion light years (redshift 0.67). Massive, old, elliptical 

galaxies dominate dense regions at this distance, just as in 

the local universe. We also see the primitive form of such a 

cluster at a lookback time of 12.6 billion years away (at redshift 

~6), where we find four times as many galaxies as expected. 

If we looked at some other part of the sky, we likely would 

not see such an aggregation. In fact, this clump covers only 

half of the HUDF. To see how far this over-density extends, we 

obtained wide-field imaging at the ground-based telescopes of 

the National Optical Astronomy Observatory in Chile. At redshift 

5.8, which is accessible from the ground, we see a wall of 

galaxies with transverse size of at least 20 million light-years. 

The HUDF is situated at the edge of this distribution.

One of the main motives for the deep imaging of the HUDF 

was to take a census of galaxies at redshift 6 (a lookback 

time of 12.6 billion years). A massive ionization of the diffuse 

intergalactic gas may have occurred at this epoch. A census 

would determine whether the galaxies could provide the ultra-

violet light for ionizing the gas. There is some controversy over 

the counting of redshift-6 galaxies based on the images alone. 

One set of published estimates says that there are not enough 

galaxies to provide photons to ionize the gas.  A second group 

takes into account the galaxies we might have missed and some 

that are even fainter than the detection limit, and finds that 

these can make up the remaining photons.

Spectroscopy has helped to confirm that most of the candidate 

galaxies are indeed at redshift 6 (and weed out the few 

interlopers, which are mostly stars in our own galaxy and old 

red galaxies at about halfway distances), and has allowed us 

to understand the three-dimensional spatial distribution and 

clustering of the faint galaxies in the HUDF. Where they cluster 

together, the numbers of galaxies and photons are sufficient to 

ionize the gas locally, even without accounting for the galaxies 

that we may have missed. Thus the answer to the question 

whether there are or are not enough galaxies to ionize the 

diffuse intergalactic gas may depend on where you look.

So, how deep is the HUDF? We have plumbed to within 1 billion 

years of the Big Bang. There we find the seeds of today’s 

galaxies and clusters of galaxies, forming stars at rapid rates 

and undoubtedly influencing the surrounding intergalactic gas. 

Forty hours on Hubble has taken us back 12.6 billion years. May 

all our endeavors be as fruitful. 



in having experienced great joy and awe upon viewing the magnificence of deep space and our Universe. Isn’t there something we can do? It just seems such an awful 

»  “The pictures that are coming back are nothing short of fantastic. They are great. They are just what is needed not only to teach young children in 

a great and so emotional trip.”  »  “I was saddened to hear that Hubble might be in danger of a degrading orbit. I hope that we can do something to 

SEPTEMBER 2, 2002MAY 20, 2002

DECEMBER 17, 2002OCTOBER 28, 2002

Hubble’s newly installed  
Advanced Camera for Surveys  

obtained images of the light echo of  
V838 Mon. Like the expanding ripples seen 

when a stone is thrown into a pond,  
a light echo appears to expand with time 
as light that has taken progressively longer 

“detours” arrives at the Earth. The 
sequence of Hubble images dramatically 

shows the apparent expansion. 
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loss for those of us who are earth bound and hungry to see and know where we live. Not to even mention the loss to the entire field of astronomy.”  

school, but to get them interested in astronomy and space travel.”  »  “I want to thank all the people that make those beautiful images possible. It’s 

fix it. I enjoy viewing the photos that Hubble delivers.”  »  “I literally cried when I heard that the HST could be retired early. The Hubble Space Telescope is mankind’s 

A light echo is created when light from a sudden brightening of 

a star spreads out into space and illuminates nearby interstellar 

dust. Because of the “detour” that the light takes in going out 

to the dust, scattering off it, and then traveling to the Earth, 

the light from the echo can arrive at the Earth weeks, months, 

or years after the light from the star itself.

Light echoes require a sudden stellar outburst and pre-existing 

nearby dust; moreover, the outburst must be very bright in 

order to illuminate the dust sufficiently to be visible from Earth. 

The combination of all three requirements is extremely rare, 

and only two bright, nearby light echoes have been previously 

observed. The first was in 1901, when a nova in the constellation 

of Perseus briefly became one of the brightest stars in the sky. 

The other well-known light echo was around supernova 1987A 

in the Large Magellanic Cloud, a nearby galaxy about 160,000 

light-years away. In both cases, a very rapidly expanding nebula 

appeared shortly after the explosion.

Australian amateur astronomer N. J. Brown discovered the  

sudden brightening of the previously unknown star V838 Mon 

in early January 2002. Over the next few weeks, the star  

increased in brightness by a factor of about 10,000. In February 

2002, astronomer Arne Henden of the U.S. Naval Observatory, 

Flagstaff, was the first to discover the emergence of the  

surrounding light echo.

Hubble’s newly installed Advanced Camera for Surveys obtained 

images of the light echo throughout the remainder of 2002. In 

a manner similar to the expanding ripples seen when a stone is 

thrown into a pond, a light echo appears to expand with time 

as light that has taken progressively longer “detours” arrives at 

the Earth. The sequence of Hubble images featured at left 

dramatically shows the apparent expansion. 

The detailed history of the V838 Mon stellar outburst is well 

known from ground-based observations. After a slow initial rise 

in January, the star rapidly brightened and turned blue in 

February. A decline followed, and then a rebrightening to a 

second brightness plateau, during which the star was much 

redder. The outburst ended in a rapid drop back to the star’s 

original brightness in late April 2002. Careful examination of 

the color images from Hubble reveals a multitude of precise 

replicas of the brightness fluctuations propagating away from 

the star, appearing as sharp outer blue rims, dips, and then 

inner red plateaus.

Light echoes have two important and unique scientific applica-

tions. The first is to permit direct determination of the distance 

to the star. The Hubble images have allowed us to carry out the 

distance measurement using two independent techniques— 

both used for the first time in astronomical history. One method 

relies on the apparent angular expansion rate, which is directly 

Light Echoes around a  
Stellar Outburst
H O W A R D  E .  B O N D

A “light echo” is one of the rarest and most beautiful phenomena in astronomy. Astronomers are 
fortunate that the most spectacular light echo ever seen—surrounding the star V838 Monocerotis—has occurred during 
the Hubble Space Telescope mission, allowing unprecedented observations of the event, as seen on opposite page.
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greatest achievement to date and it will be a dark day when this window on the universe closes.”  »  “I am saddened by the recent announcement of the abandonment 

team and am a strong supporter of space programs.”  »  “In 1990, when I was sixteen, I visited Florida at the time the shuttle Discovery launched the 

realized that I witnessed the beginning of the most important mission NASA had ever undertaken, for the Hubble extended our understanding of the  

Light from the stellar outburst (path 1) reaches us first. Light 

that first illuminates surrounding dust and then travels to us 

arrives at progressively later times (paths 2 through 6).

ANATOMY OF A LIGHT ECHO

Material illuminated
at successive times 
lies on expanding

parabolic surfaces

Light paths
to observer

Circumstellar dust

Light source is a single
nova-like flash



of HST. I’m certain there is much more that the instrument has to offer. It is not yet “mission accomplished.” I was a part of the Space Shuttle design 

Hubble. Being already interested in Astronomy and Space Exploration, it was a very impressive event for me. But during the following decade I  

universe more than any other single device before! Thank you very much for the fascinating views of the cosmos Hubble is delivering us.”  »  “SAVE THE HUBBLE! I love 
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related to the distance. At present, this method provides only a 

lower limit of about 6,500 light-years as the distance. The dis-

tance estimate will become more precise with future measure-

ments, especially when the apparent expansion will reverse and 

become an apparent contraction, as shown in the diagram at 

the left. 

The second distance method is based on the principle that light 

becomes polarized when it reflects off a surface. Polarizing 

sunglasses use this fact to reduce glare reflecting from 

horizontal surfaces. The polarization is maximized for scattering 

at right angles, which allows us to determine the location of 

dust that is at the same distance as the star itself. Knowing the 

speed of light, we can then calculate the distance. This method, 

applied to images taken in December 2002 with the ACS’s 

polarizing filters, yields a distance of 20,000 light-years.

From these measurements, we know that V838 Mon lies in a 

lonely location at the outer edge of the Milky Way galaxy. To 

reach nearly naked-eye brightness at this enormous distance, 

the outburst of V838 Mon had to be extraordinarily bright. 

Its maximum luminosity was some 600,000 times that of our 

own Sun. The energy release was comparable to a stellar 

explosion called a nova, which is thought to be a thermonuclear 

explosion of material accreted onto the surface of a white-dwarf 

star from a nearby companion star. However, V838 Mon was 

definitely not a nova of any previously recognized type. Unlike 

a typical nova, V838 Mon has remained relatively cool 

throughout its outburst. At present, we are unsure whether 

V838 Mon represents a new type of nova or some completely 

unrelated class of stellar outbursts. One possibly relevant clue 

is that recent ground-based observations suggest that the star 

is actually a binary pair, but the role of the companion star 

remains unknown.

The second application of light echoes is to permit the con-

struction of a three-dimensional map of the dust surrounding 

the star. Such mapping becomes possible because the location 

of each illuminated dust particle in three-dimensional space is 

uniquely determined by its two-dimensional position in the im-

age and the time delay on reaching Earth. This is the only 

method for three-dimensional mapping of dust clouds available 

in astronomy. 

Observations to date provide mapping in a narrow cone whose 

axis points toward the Earth. The mapping indicates that the 

dust clouds are roughly centered on the star, and extend out to 

a distance of nearly seven light-years. It seems likely that the 

dust was ejected in a previous outburst of V838 Mon several 

tens of thousands of years ago. The observations will have to be 

continued for several more years to make a complete map. Nev-

ertheless, it is already clear that the dust distribution is highly 

nonspherical and complex, with numerous large-scale voids 

and smaller-scale “cirrus”-like structures.

The spectacular light echoes of V838 Mon should continue for 

the rest of this decade, providing astronomers with an improved 

distance estimate, a detailed three-dimensional map of the 

ejected dust cloud, and clues to the enigma of this unusual 

exploding star. 



that silly old telescope. It has brought to us the most amazing look into the universe. It is and will be the one piece of technology that has surpassed any other made.”  

former U.S. Navy helicopter pilot officer. I enjoy astronomy as a hobby, and I provide telescope demonstrations for my family, neighbors and my 

servicing mission? I should admit to not being an American taxpayer and simply being a UK freeloader who believes utterly in the aims of NASA.”  »  

A ground-based image of Andromeda from the  

Mt. Palomar Schmidt telescope. The image measures 

approximately 2 degrees on a side, about four times the 

diameter of the full Moon. The yellow box shows the location  

of the deep Hubble image in Andromeda’s halo.



»  “At this instant Hubble is too valuable to mankind’s search for understanding.  I am an Aerospace (Rotorcraft Flight Controls) Engineer and a 

daughters’ Girl Scout troop.  How can I help save the Hubble?”  »  “Is there no way to petition the Govt about the descision to cancel the Hubble 

“Dear Hubble, you made it to the Universe and saw so many things we couldn’t imagine. Without you, we would never have learned things about the ways of galaxies and 
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Against the dark night sky, Baade noticed that the murky halo 

of light surrounding the Andromeda galaxy resolved into a 

myriad of individual stars. The stars in this halo were much 

fainter and redder than the stars in the thin, flat disk of the 

Andromeda galaxy and in the disk of the Milky Way. On the basis 

of these observations, Baade introduced the concept of stellar 

populations: groups of stars distinguished by their ages and 

chemical compositions. Astronomers have since realized that 

the study of stellar populations in galaxies provides powerful 

insights into the formation and evolution of galaxies.

Nearly 50 years later, in 2002, the Hubble Space Telescope 

carried out its own pioneering observations of the Andromeda 

galaxy, revealing stars nearly 10,000 times fainter than Baade 

was able to detect and reshaping our understanding of stellar 

populations in galaxies.

We live in the disk of the Milky Way galaxy, which contains gas, 

dust, and nearly 100 billion stars. These stars vary in age, 

ranging from young, brilliant stars to dying, fading white 

dwarfs. Surrounding the disk is a nearly spherical halo of stars, 

with little gas and dust. The halo stars are almost entirely of 

low mass, with lifetimes of billions of years. 

While it is difficult to determine the ages of individual halo 

stars, it is possible to determine the ages of the globular 

clusters—groupings of 100,000 or more stars—that also exist in 

the halo. The best estimate of the ages of these globular 

clusters is about 12 billion years, nearly as old as the universe 

itself. The halo stars and their cousins in globular clusters are 

also “chemically unevolved,” which means they consist mostly 

of hydrogen and helium, with only trace amounts of heavier 

elements. In contrast, the Sun has about 50 times more iron 

and carbon than a typical halo star. 

The differences between the disk and halo in the Milky Way 

suggest that the halo formed first, and it formed rapidly. 

Perhaps a ball of primordial gas collapsed under the pull of 

gravity, fragmented, and formed stars. Or, perhaps this process 

started on a small scale, forming dwarf galaxies 10,000 times 

smaller than the Milky Way, which merged to form the halo. All 

this would have happened more than 10 billion years ago. In 

contrast, the gas in the disk came together slowly, and was 

prevented from collapsing by its rotation.

Andromeda and the Milky Way are spiral galaxies, and they are 

the two largest galaxies in the nearby universe. Although the 

Stellar Archeology in the 
Andromeda Galaxy
T H O M A S  M .  B R O W N

During the blackouts of World War II, astronomer Walter Baade pushed the world’s largest 
telescope to its limits to obtain detailed photographs of the Milky Way’s nearest large neighbor: the great 
Andromeda galaxy. 



stars that existed for eons. Nebulas glowed brightly, deep space stars revealing secrets and black holes that will never let us know what they really are. The Universe has 

the money to send Hubble up and there, and maintain it. The new custom gyros and batteries have already been built and are ready for launch! It will 

effective, but shutting it down when it could still be operating at top form is a shame”  »  “As an amateur astronomer and deeply concerned member 

HOW DO ASTRONOMERS MEASURE THE AGE OF A 

STELLAR POPULATION?

With a camera and a set of color filters, astronomers can measure two 

basic properties of a star: its brightness and its color. The temperature 

of a star determines its color. Hot stars are blue, cool stars are red. Our 

Sun, with a surface temperature of about 5,000º C, has a typical yellow 

color. In a graph of brightness versus color, stars in a stellar population 

show distinct patterns that can be used to determine age and chemical 

compositions.

The most distinct feature is the “main sequence turnoff,” the kink 

seen in the figure shown here. The color and brightness at which this 

kink occurs depends on the age and chemical composition of the stellar 

population. Detailed computer models of stellar evolution have shown 

great success in matching the observed patterns in such diagrams for 

star clusters in the Milky Way. 

In the diagram shown here, the gray shading comes from individual 

stars in Andromeda’s halo, with darker shades indicating more stars 

and lighter shades indicating fewer stars. For comparison, the yel-

low curve shows the distribution of stars in an old stellar cluster. 

The location of the highlighted kink in this curve indicates age. The 

kink is brighter in a younger population of stars and fainter in an older 

population. The kink in the gray data from Andromeda is spread out, but 

mostly brighter than that in the yellow curve, indicating that most of 

the stars in Andromeda’s halo are younger than the old stellar cluster. 

The cluster is about 12 billion years old, while more than half of the 

stars in Andromeda’s halo are 6–11 billion years old.
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A diagram showing the distribution of color and 

brightness for the stars in Andromeda’s halo 

(gray shading) compared to the distribution for 

an old star cluster (yellow curve).



stars in the Milky Way are closer for study, it is difficult to form 

a very accurate picture of the Milky Way because we are sitting 

inside of it. In some ways, the Andromeda galaxy offers a better 

laboratory for studying spiral galaxies because we are on the 

outside, yet not too far away. Furthermore, from our vantage 

point, the disk of Andromeda appears nearly edge-on, making it 

easy to study the halo and disk separately.

With the tremendous boost in sensitivity offered by Hubble’s 

Advanced Camera for Surveys, we were able to return to Baade’s 

murky halo of the Andromeda galaxy to seek the holy grail of 

stellar populations: the main-sequence turnoff. 

As a group of stars ages, the most massive stars die off first, 

leaving behind fainter, less massive stars. In a diagram of 

brightness versus color, as shown on page 32, the stars in a 

stellar population of uniform age—for example, globular 

clusters, where the stars all formed at essentially the same 

time—line up in a distinct pattern. The main-sequence turnoff 

is a kink in this pattern that indicates the point at which stars 

in the stellar population have begun to run out of hydrogen in 

their cores.

The kink moves downward in the diagram as successively fainter 

(less massive) stars run out of fuel. Thus, the location of the 

main-sequence turnoff is an indicator of the age, or mix of 

ages, in a stellar population. 

More than 100 hours of Hubble observations revealed stars no 

brighter than the Sun seen from a distance of 2.4 million light- 

years. Measurements of the brightness and colors of the stars in 

these images reveal the main-sequence turnoff. This painstak-

ing work yielded a major surprise. In contrast to the Milky Way’s 

ancient halo, the observations revealed that the Andromeda 

halo is teeming with younger stars. While Andromeda does have 

an ancient population, more than 50% of the stars were formed 

less than 11 billion years ago, and star formation apparently 

continued up until about 6 billion years ago. 

The Andromeda halo is more chemically evolved than our own 

halo. Most of the halo stars were formed from the debris of 

previous generations of stars, enriched with heavy elements 

like carbon and iron. The Hubble observations tell us that this 

process of chemical enrichment took place over 5–7 billion 

years, a surprisingly long period of time. In this respect, 

Andromeda’s halo looks more like a disk population.

Prior to the Hubble observations, astronomers using ground-

based telescopes had discovered that Andromeda’s halo is not 

a smooth spherical ball, but is distorted and shows hints of 

filamentary structure. Together with these observations, the 

Hubble observations suggest that Andromeda had a more 

violent merging history than our own Milky Way. Either one 

giant merger with another galaxy or a series of smaller mergers 

disrupted the disk and knocked some of the disk stars into the 

halo. These violent events alone could have triggered more star 

formation, adding to the young stars dispersed into the halo 

from the disk. These younger stars, formed in the disk or during 

mergers, now pollute Andromeda’s formerly pristine halo.

The Hubble observations indicate that halos of spiral galaxies 

may not be as ancient as once thought and may have been 

formed, at least in part, by violent interactions. Nevertheless, 

we are left with a puzzle. The Milky Way halo appears to be 

generally ancient and chemically unevolved, while the Andro-

meda halo is much younger and more chemically enriched. 

Which galaxy is more typical? We can hope to learn more from 

Hubble and future, more powerful, space telescopes, which 

astronomers can use to resolve nearby galaxies into myriads of 

individual stars. 
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many worlds, and one day you will come to Earth, but what really made you special will not be here.”  »  “Please save Hubble! We’ve already spent 

be years before there is another visible spectrum telescope in orbit. Its useful life is far from over.  Pro-rated, Hubble has been extremely cost  

of the public, how can I help to keep Hubble operating?  We need the HST - no other American space endeavor has provided the world with so much productive science, 
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not to mention the jaw-dropping awe and sense of wonder that its wonderful pictures have inspired.”  »  “I am a 14 year old high school student in Connecticut. The work 

gifted us with the most extraordinary vision of our place in this grand beautiful place we, in our ignorance, plainly call universe. To see hundreds of 

awaken the mind, and the soul.”   »  “Thanks so much for your vision. My view of the universe is changed because you have worked so hard to bring 

In early 2004, IMAX® theater-goers were treated to a “fly through” of the GOODS southern field.



that you are doing is so great. From a scientist of tomorrow”  »  “We humans venture as far as our hearts will take us and certainly Hubble has 

galaxies like azure and golden jewels sprinkled beyond our farthest imaginings and see the birth of stars draped in the soft embrace of nebuli is to 

it to people like myself.”  »  “Thank you for your efforts to continue the important mission of the Hubble.  It has demonstrated, more than any endeavor, our understand-
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While astronomers cannot dig into the ground to find clues 

about the past, they figuratively excavate the past by observing 

distant galaxies. The light reaching us today from the most 

distant galaxies began its journey less than a billion years after 

the Big Bang, or just 5–10% of the current age of the universe. 

Using telescopes to examine galaxies at earlier times, we hope 

to understand how they emerged from the primordial gas, 

developed their first generations of stars, grew in size, and 

evolved into the nearby galaxies of today, including the  

Milky Way.

The Great Observatories Origins Deep Survey (GOODS) is the 

most significant “excavation” of early galaxies to date. Its most 

important feature is breadth—wide-area coverage to find 

enough galaxies for statistical analysis, and broad wavelength 

coverage to observe all the important physical phenomena,  

at many temperatures.

Favored theories provide the backdrop for GOODS. According  

to these theories, the universe emerged from the Big Bang with 

a nearly uniform density, which varied from place to place by a 

tiny fraction of one percent. As the universe expanded, the 

denser regions began to collapse under their own gravity, 

forming galaxies in a hierarchical manner, the smallest first. In 

this picture, small galaxies collided and merged into successively 

larger structures. Inside, the first generation of massive stars 

formed from the primordial gas, mostly hydrogen and helium. 

Heavy elements formed in the cores of these stars, which 

exploded, enriching the surrounding space and clouding it with 

dust. At the centers of galaxies, the density of matter was so 

great that massive black holes were formed, into which stars 

would continue to fall and disappear forever.

The galaxy-related goal of the GOODS program is to observe 

many early galaxies and put these theories to the test. The  

observations address a host of questions: How and when did  

stars form within galaxies? How did galaxies grow over time? 

When did central black holes first form, and what is the role  

of massive black holes in galaxy evolution? How did the  

outpouring of energy from young galaxies influence the  

surrounding universe?

Midway through obtaining the GOODS data, we have learned 

much and anticipate more results to come.

Obtaining the GOODS

The most distant galaxies are so faint that it takes several days 

for even the most powerful telescopes to gather enough 

photons of light to make an image. In its 1995 “deep field” 

observations, Hubble pointed at one tiny patch of sky for 10 

days, revealing more than 3,000 galaxies in an area of sky no 

larger than a grain of sand held at arm’s length. Only a fraction 

of these galaxies in the Hubble Deep Field (HDF) were the rare 

and interesting kind at great distance, and this paucity of 

The GOODS on Galaxies
M A U R O  G I A V A L I S C O

The quest to understand our cosmic origins draws our attention back to an era long before the 
formation of the Earth and the Sun, and even before the formation of our Milky Way galaxy. Along the way, 
archeology gives way to geology, and geology yields to astronomy as the pertinent science of investigation 
and discovery.



ing of the universe.  The Hubble should continue and everything spoken by STScI about it should be immediately followed with a reason WHY Hubble must be maintained 

other NASA project. In recent years, it has helped scientists determine the precise age of the universe (13.7 billion years), discover planets outside 

and adults... throughout the world no matter when it was launched.”  »  “We receive more scientific knowledge about the universe from the Hubble 
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A typical spectrum of a distant star-forming galaxy superimposed on the transmission 

curves of filters used for the GOODS observations. Below this spectrum are the GOODS 

images showing the distinctive signature of a dropout galaxy, which is bright and easy to 

see through the redder filters but virtually missing from view in the bluer filters.

A DIFFERENT KIND OF DROPOUT

The expansion of the universe stretches the light waves 

emitted from distant galaxies during their passage to Earth. 

The light “redshifts”—changes to longer wavelengths—due 

to the recessional motion of the expanding universe. For 

very distant galaxies, blue light becomes red, and red light 

becomes infrared. 

Astronomers can use this “cosmological” redshift to estimate 

the distances to galaxies: the larger the shift, the greater 

the distance. To do this precisely, astronomers disperse the 

light of a distant galaxy into a spectrum and look for the 

telltale signatures of atoms, such as hydrogen and oxygen. 

However, most of the galaxies detected in the GOODS images 

are too faint for this kind of precise measurement. Even 

the largest telescopes on the ground, which are better than 

Hubble for this kind of work, can only measure redshifts  

for the brightest 10% of the galaxies in the GOODS fields.

Fortunately, certain features are so strong in galaxy spectra 

that precise measurements are not needed to find them. For 

galaxies where the wavelength of light has shifted by more 

than a factor of five, a very strong hydrogen absorption feature, 

known as the “Lyman edge,” moves into the wavelength 

range accessible to Hubble’s Advanced Camera for Surveys. 

Astronomers call these galaxies “Lyman Break Galaxies” or 

“dropouts,” because they can drop below the detection limit 

in blue-filter images. Searching for dropouts has become the 

most productive technique for finding galaxies within a few 

billion years of the Big Bang.



as a stepping stone to the next telescope.  Ah, the power of why.”  »  “The Greyhound-bus-sized telescope, has scientifically outperformed any 

our solar system and confirm the existence of black holes.”  »  “I think the Hubble would have captured the hearts and the imaginations of children 

in one day than we would from manned expeditions in a month.”  »  “Just spent 2 hours being stunned by the quality of images. I can’t get my head around the fact that 
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galaxies limits our understanding of the earliest phases of 

galaxy evolution. The GOODS observations cover an area of sky 

60 times larger than the HDF. This expansion was facilitated  

by the installation of the Advanced Camera for Surveys in  

2002, which increased Hubble’s survey efficiency by about a 

factor of 10. 

Distant galaxies emit radiation across the entire spectrum, from 

X-rays to infrared radiation and radio waves. Energetic phenom-

ena—such as exploding stars, colliding gas clouds, or gas  

spiraling into a black hole—produce X-rays. Cool stars or cold 

clouds of dust produce infrared radiation. Normal stars like the 

Sun radiate mostly at optical and ultraviolet wavelengths. 

Building a complete understanding of galaxy evolution requires 

observations at all wavelengths. For this reason, GOODS was 

designed as a coordinated set of imaging observations by 

NASA’s Great Observatories: Hubble, the Chandra X-ray  
Observatory, and the Spitzer Space Telescope, as well as by 

large ground-based telescopes, especially to provide follow-up 

spectroscopic observations.

Because ground-based telescopes can only observe part of the 

sky, according to the latitude of their location, there are two 

GOODS fields, one in the north and one in the south, accessible 

to the Keck telescopes in Hawaii and the European Southern 

Observatory’s Very Large Telescope (VLT) in Chile. The northern 

field is centered on the HDF, to ensure connection with the 

earlier work. The southern field is centered on the Chandra 

Deep Field (CDF), in which more than a month of precious 

observing time on Chandra was invested. With the Chandra and 

Hubble observations already obtained, in early 2004 the GOODS 

team eagerly awaited their observations from Spitzer, which 

NASA had just launched. Even the interim results are a multi-

wavelength treasure trove of galaxy science.

 

Black Holes in Active Galactic Nuclei

The Chandra observations are capable of detecting X-ray 

radiation from black holes at the hearts of galaxies that were 

forming within a billion years of the Big Bang. However, without 

complementary observations from Hubble in visible light, it is 

impossible to see the faint host galaxies of massive black holes 

and thereby distinguish them from small, nearby black holes. 

Furthermore, Hubble observations, taken through filters of 

different colors, help identify the most distant of these galaxies, 

as shown in the diagram to the left—thus weeding them out 

from the hundreds of other faint, but closer, galaxies that 

surround them.

Sometimes a galaxy hosting a black hole is full of dust, perhaps 

stirred up by a collision with a neighboring galaxy. Such dust 

absorbs the radiation from the stars in the galaxy and re-

radiates it at infrared wavelengths. Sufficiently dusty galaxies 

are impossible to detect with Hubble, but Spitzer will see them 

as bright infrared sources. 

Astronomers poring over the Hubble and Chandra data have 

found seven X-ray sources in the southern field with no 

detectable counterpart in the Hubble observations. This makes 

them very interesting. Either these sources are so far away that 

the cosmological redshift moves their light to infrared wave-

lengths where Hubble cannot observe it, or they are filled with 

dust that effectively extinguishes all the optical light. The 

Spitzer observations, being collected throughout 2004, will 

help determine whether these are the most distant or the most 

dusty black-hole hosts known in the universe. 
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there are as many galaxies as there are stars in our Milky Way. Thanks for sharing those splendid, staggering images. I feel very humbled.”  »  “The Hubble telescope 

orbit in a safe and efficient manner. In my opinion we have a platform in space that still has great potential to do science and inspire our youth.”  »  

the list of all the space projects we have had. The belief that we are the center of the universe has been thrown out the window when viewing what 
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 The X-ray sources are shown superimposed on Spitzer Space Telescope’s infrared images of the same two regions of the GOODS field. 

The infrared images uncover the heat signature of powerful active galactic nuclei, invisible to Hubble. The nuclei are either shrouded 

in dust, or are at such great distances that light has been stretched into infrared wavelengths by the universe’s expansion.
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A Hubble Space Telescope deep view of two small portions of the GOODS field uncovers some of the faintest galaxies ever seen. In blue 

at the center of each image is the X-ray glow from heated material falling into a million- or billion-solar mass black hole, as seen by  

Chandra, which does not have any visible-light counterpart in either field.



Galaxies through Space and Time

The Hubble observations of the GOODS fields reveal a glorious 

mélange of nearly 100,000 galaxies, scattered across the sky in 

a jumble of shapes, sizes, and colors. A small percentage of 

these galaxies are very distant, identified by their distinct 

colors due to redshift. From the selected images of the most 

distant galaxies, astronomers have been able to estimate how 

many stars were forming in galaxies about a billion years after 

the Big Bang. 

The samples of distant galaxies provided by GOODS are large 

enough to begin tracing the patterns of change over the first 

few billion years of galaxy evolution. Detailed measurements 

reveal that the total star formation rate (summed over all 

galaxies) did not change much over this time. However, the 

evidence suggests that individual galaxies went through cycles 

of vigorous star formation followed by periods of quiescence. 

Because we know from nearby galaxies that collisions spark star 

formation, this GOODS result supports the hierarchical theory 

of galaxy formation, in which mergers play a prominent role.

The hierarchical theory also predicts a distinct progression of 

galaxy size with time. About a billion years after the Big Bang, 

it predicts that the typical galaxy should have had a diameter 

less than one-fifth that of the Milky Way. Four billion years 

later, the typical galaxy should have been about a factor of 

three larger. The galaxies seen by GOODS follow this progression 

remarkably well.

The theoretical models are challenged by infrared observations 

of the GOODS fields with the VLT, which reveal more infrared-

bright galaxies than expected when the universe was 4 to 5 

billion years old. This finding, which Spitzer will clarify and 

extend, suggests that some galaxies were able to form stars 

faster than expected. Theorists will rethink their models of star 

formation history in young galaxies to explain this discrepancy.

A Sprinkling of Supernovae

The Hubble observing program for GOODS consisted of hundreds 

of individual exposures. Instead of taking these all at once, the 

GOODS team spread the observations out over time, returning 

to each field every 45 days over an interval of about half a year. 

This enabled a search for very distant exploding stars, which 

wink on and off from one set of observations to the next. GOODS 

found 42 such supernovae, including six of the seven most  

distant yet discovered. In addition to clarifying our understand-

ing of cosmic expansion, researchers are using this valuable 

data set to understand the connection between the number of 

supernovae observed and the rate of star formation.

A Public Treasure Trove

The GOODS program was designed from the outset as a public 

survey, with images available to the world of astronomy almost 

as soon as they arrive from the telescope. These fabulously 

detailed images of two slices of the universe are being used by 

hundreds of astronomers for a wide variety of research. Within 

nine months of the completion of the Hubble observations, 

more than 25 scientific papers have appeared, and many more 

are on the way. There has been spirited competition in some 

areas of science, as well as a great deal of cooperation in 

planning and carrying out follow-up observations. Astronomers 

have only just begun to extract the wealth of information 

available in this treasure trove of observations. 
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has been a tremendous success. Surely the science community can find some way to upgrade its instrument package and give it a boost to a higher 

“The Hubble has been an inspiring piece of science and a tremendous source of inspiration.”  »  “I believe that the Hubble Project is at the top of 

space has to offer. The human race may some day have to look beyond the Solar System in order to survive, and the Hubble could be the key to deliver us to our new 



world.”  »  “HST has been a bright spot for NASA and in space science, yielding much valuable information.”  »  “I believe Hubble to be one the most important tools ever 

Many Beautiful Images of Outer Space Nearly all were taken by the Hubble. I feel it is a part of our History and our future. I would wish to take my 

future.”  »  “The Hubble Space Telescope is one of the most fantastic devices ever built by humans and is a veritable 8th wonder of the world.”  »  

Type Ia supernovae are rare and infrequent, occurring in a galaxy like the Milky Way approximately once per century. The technique used by 

supernova hunters in the last 10 years is to observe repeatedly a patch of sky containing thousands of galaxies and look for a transient point 

of light to appear. 

BEFORE SUPERNOVAE

AFTER SUPERNOVAE

MEASURING DISTANT SUPERNOVAE

Distant supernovae appear as faint points of light, usually superimposed on the 

more diffuse light of the host galaxy. To find the most distant supernovae, Hubble 

took repeated images of the GOODS fields, separated in time by about 45 days. 

Computer programs aligned and subtracted the successive images, leaving only 

the images of objects that had changed during the 45-day interval. The observing 

team carefully inspected these images and scheduled follow-up observations of 

the candidates that appeared to have the correct color and about the right 

brightness to be distant Type Ia supernovae. The follow-up observations provided 

the supernova redshifts, gave more precise measurements of their colors, and 

produced a time-sequence of brightness called a light curve.



used in the study of our Home the Universe. I am no astronomer nor am I a scientist, but I am an Artist of many different mediums and I have seen 

children and grand children to the Smithsonian and show them the Hubble and all the beautiful pictures it took of The Art of Nature, God, and Mans 

“Thank you all for the incredible job you’ve done these past years. Best of luck to each of you.  Thanks for the miracles.”  »  “This marvelous scientific instrument has 
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Only recently have astronomers using the Hubble Space 
Telescope demonstrated one of the new, unexpected features 

available under Einstein’s model of gravity, the ability of gravity 

to act repulsively, speeding up the expansion of the universe. 

When Einstein wrote down his equations describing the 

evolution of cosmic geometry, he thought the galaxies were 

fixed relative to each other in space. He therefore included 

repulsive gravity in the equations, in the form of a “cosmological 

constant,” to explain why the galaxies were not being pulled 

together by their mutual gravitational attraction. When 

astronomer Edwin Hubble discovered the expansion of the 

universe in 1929, Einstein decided this gravitational repulsion 

was no longer needed. He called his assumption that the 

universe was static and the implied need for the cosmological 

constant his “greatest blunder.”

In 1998, two teams of astronomers used exploding stars—called 

“supernovae”—to map the expansion history of the universe. 

They discovered a recent period of quickening expansion. The 

acceleration of the universe’s expansion, if confirmed, may  

imply that the universe contains an unseen form of energy,  

recently dubbed “dark energy,” that pushes the galaxies apart 

faster. Alternatively, the acceleration could be telling us that 

Einstein’s theory of gravity was incomplete. 

This stunning result immediately raised a number of questions. 

Was this the correct interpretation of the data, or had the  

measurements been contaminated by more mundane effects? 

Has the universe always been speeding up, or is this just a  

recent phenomenon? If the expansion of the universe slowed 

down before it began speeding up, when did the crossover  

occur? Knowing when and how the “cosmic foot” moved from 

the brake to the accelerator could also shed light on the  

properties of the mysterious dark energy and, perhaps, on the 

larger question of the destiny of the universe.

To seek answers to these questions, in 2002–2003, Hubble  

undertook an ambitious search for distant supernovae to  

provide a deeper probe of the universe’s expansion history.

Illuminating the Expansion History of the  
Universe with Supernovae

Tracing the universe’s expansion requires a good measuring 

rod. A particular class of supernovae, known as Type Ia, is well 

suited to the task. These supernovae are bright enough (about 

10 billion times brighter at peak than the Sun) to be seen half-

way across the visible universe from the ground, and even  

farther back using Hubble. Their intrinsic brightness has been 

History of Cosmic Expansion: 
The Long and Winding Road  
as Seen by Hubble
A D A M  G .  R I E S S

In 1917, Einstein devised version 2.0 of Gravity, the operating system for the universe. 
(He called his theory “General Relativity.”) His geometry-based model represented a major 
revision of the previous paradigm (version 1.0, developed by Isaac Newton), removing such bugs as “action 
at a distance,” the seemingly magical ability of gravity to make its effects known instantaneously over 
cosmological distances.



opened up the universe in uncountable ways. If we fixed it once, we can do it again. Am I to believe that this instrument has outlived its usefulness?”  »  “In its 14 years 

of our origins and fate. Its latest yield has been the most stunning yet.”  »  “Hubble is too valuable to lose. It should be serviced by a shuttle mission 

there is so much more to learn, to gain, to marvel at...all through the Hubble telescope. Please save Hubble... for our sake and that of our children.”  
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Hubble observations of distant supernovae indicate that the expan-

sion of the universe was decelerating before it began accelerating. 

The data points in the graph show measurements of the apparent 

brightness of distant supernovae relative to the brightness they would 

have in a freely expanding universe. (Each point is an average of  

supernovae with nearly the same redshift.) In a universe with  

constant deceleration, distant supernovae would always appear 

brighter (closer to us) than if the universe were freely expanding. In 

contrast, if the universe were constantly accelerating, supernovae 

would appear fainter and more distant. The observed behavior  

suggests that the expansion of the universe slowed down for about  

8 billion years, then began to accelerate.

DARK ENERGY, REPULSIVE GRAVITY, AND  

NEGATIVE PRESSURE

In Newton’s theory of gravitation, the gravitational force of a body de-

pends only on its mass. In Einstein’s general theory of relativity, gravity 

is a quality of space/time that is affected by additional factors. On most 

size scales—even astronomical ones—these additional factors are so 

small that they can effectively be ignored. Nevertheless, at the largest 

scales, it is thought that the acceleration of the universe may be due to 

the increasing dominance of a small pressure component, the nature of 

which is not yet understood, which has been named “dark energy.”

At the very smallest scales, where atomic behavior is best predicted by 

the mathematics of quantum mechanics, even “empty” space (a vacu-

um) bubbles with activity. Pairs of particles and antiparticles called “vir-

tual pairs” appear to briefly pop into and out of existence. Though mys-

terious and counterintuitive, this is not mere theoretical speculation. 

The interaction of electrons with the fluctuating quantum vacuum pro-

duces a small but well-measured effect known as the “Lamb shift” in the 

energy levels of the hydrogen atom. We can conceive the vacuum of outer 

space as being filled with a sea of such particle-antiparticle pairs.

The slight pressure induced by the quantum vacuum is negative. In 

Einstein’s equations, if somehow the pressure term becomes sufficiently 

negative (so as to overcome the positive contribution of mass), then the 

overall combined gravitational force becomes repulsive. This would 

produce an accelerated expansion.

Unfortunately, calculations to date predict a repulsive force due to the 

quantum-mechanical vacuum that is many orders of magnitude too 

strong to explain the currently measured acceleration rate of the uni-

verse. Under such a force, if Einstein’s equations were applied without 

corrections, the universe would have long ago been torn apart. Attempts 

to address this problem have focused on other possible forms of dark 

energy, with pressures somewhat less negative. Such forms of energy 

might be associated with a process known as “symmetry breaking,” 

which creates new, distinct forces of nature. In the standard Big Bang 

model, an early departure from symmetry, or phase transition, is thought 

to have occurred during the first fraction of a second of the universe’s 

existence, leading to a period of expansion called “inflation.” A slower 

phase transition may be happening again in the more modern universe, 

powering the acceleration we observe today.



aloft, Hubble has given us what it promised and much more. Each new batch of images spawns years of scientific research, amazing new knowledge 

and kept on its invaluable course of scientific discovery for years to come.”  »  “This is a historically important achievement of our race. Besides, 

»  “This concept of not servicing Hubble is a great loss to science and the understanding of the cosmos. It is unfortunate for the world that Hubble’s great images will 
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well calibrated over the last decade. They appear to be a very 

good “standard candle.” It is possible to estimate their  

distances simply by carefully measuring how bright they appear 

in telescopic images.

In addition to measuring its brightness, astronomers can  

measure a supernova’s redshift. The redshift is the amount by 

which the light waves that left the supernova billions of years 

ago have been stretched by the expansion of the universe.

By measuring supernova distances over a range of redshifts, it 

is possible to search for any change in the universe’s expansion 

rate over time. With this technique, all that is needed is a large 

number of supernovae dispersed at a variety of redshifts. 

Unfortunately, Type Ia supernovae are rare and infrequent, 

occurring in a galaxy like the Milky Way approximately once per 

century. The technique used by supernova hunters in the last 

10 years is to observe repeatedly a patch of sky containing 

thousands of galaxies and look for a transient point of light to 

appear, as shown in the images on page 40. However, finding 

supernovae at great distances becomes difficult because they 

are extremely faint.

Recently outfitted with the Advanced Camera for Surveys (ACS), 

Hubble was converted into a supernova-hunting machine. By 

combining the needed observations to find distant supernovae 

with the Great Observatories Origins Deep Survey (also known 

as GOODS—see essay by Mauro Giavalisco in this book), our 

team of researchers collected a sample of the most distant 

supernovae ever observed, including six of the seven most 

distant known. Careful and timely monitoring of the super-

novae, initiated days after their discovery using the ACS and 

Hubble’s infrared camera, provided precise distance and redshift 

measurements for each supernova.

By early 2004, the observations and measurements of the  

supernovae were completed, and the results were spectacular. 

The supernovae provided conclusive evidence for an early period 

of cosmic slowdown and strongly confirmed the reality of recent 

cosmic speedup. Alternative theories proposed to explain the 

earlier data are inconsistent with the new measurements. In 

addition, the new data show that the mathematical transition 

or “coasting point” occurred approximately 5 billion years ago.

Mysterious Dark Energy

In addition to providing an important test of the new cosmo-

logical paradigm, very distant supernovae have given us new 

clues about the underlying cause of the recent speedup of the 

expansion of the universe, the mysterious dark energy (see  

opposite page).

Currently, there are two leading interpretations for the dark  

energy, as well as many more exotic possibilities. Dark energy 

may be exactly what Einstein suggested, an ever-present  

energy percolating from empty space. Alternatively, dark  

energy may be a transient phenomenon with a changing energy 

field (dubbed “quintessence”), similar to the one that was 

thought to have inflated the universe less than a second after 

the Big Bang. The way to tell the difference between the two 

hypotheses is to measure the fundamental properties of the 

dark energy, such as its current strength and its permanence. 

The new observations suggest that the dark energy is a  

relatively permanent feature of the universe (as would be  

expected for Einstein’s model), but more data are needed  

before any firm conclusions can be reached. 

If Einstein’s theory is correct, the universe will expand forever, 

eventually becoming a cold and dark place. However, if dark 

energy is not permanent but rather is changing in strength, the 

universe may end cataclysmically in a future super-accelerated 

“Big Rip” or “Big Crunch.” 

Understanding dark energy and determining the universe’s  

ultimate fate will require further observations. Hubble and  

future space telescopes capable of looking more than halfway 

across the universe will be needed to achieve the necessary 

precision. The determination of the properties of dark energy 

has become a key goal of astronomy and physics today. Future 

studies of dark energy may solidify Einstein’s standing  theory of 

gravity, or may lead to yet another revision to version 3.0.  



be a thing of the past while the telescope itself will have a control burn up death in 2010. The value of knowledge it gives to science is worth the risk. Without the risk 

of Iranian Astronomy Magazine “Nojum” (www.nojum.net) Also I teach astronomy at Zaferaniye Obseravtory in north of Tehran. A group of my students 

this model making.”  »  “I’ve been involved in the space program for many years through Rockwell International and Space Systems Loral and in my 
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there will be no reward.”  »  ”At first please accept my apologize for spending your time. I am an amatuer astronomer and member of editorial board 

would like to build a model of Hubble Space Telescope. I would like to ask your mind about the work that they can do to learn more about HST during 

estimation, Hubble is one of our finest contributions. A concerned engineer.”  »  “I am a child in Sri Lanka and I am interested in your programs. I am 14 years old. And 

“Hubble has been perhaps the most 
spectacularly successful science  
experiment that we’ve done in  
astronomy in recent decades. Hubble 
has rewritten the history books of 
science. And has the potential for 
writing new chapters.”

— Dr. John Bahcall
Institute of Advanced Study, Princeton University



in school we are learning about your missions. So I like to have some information about your missions (past & future) and your space programs.”  »  “Never have I been 

work to convince someone to reinstate the flights that will keep Hubble in service and return it to the space museum.”  »  “Framed by impossible 

the great telescope’s magnificent reach searches the heavens 12+ billion light years away.”  »  “I’m a french student. Your site is very useful  
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so enthralled by anything so incredibly wonderful as the images sent back by Hubble. We want that telescope serviced and running!”  »  “Please 

light years, the Hubble Deep Field images are spellbinding! Peering deep into the womb of time, toward the unknown, and perhaps the unknowable, 

especially the part “Behind the pictures” which made me understand how HST’s detectors worked (using several b/w images...).”  »   “My name is Marina Muscan and I 
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Director’s Office [DO] 

The DO is responsible for the overall performance of the Institute.  »  The DO performs five tasks to guide the 

Institute’s work to achieve the goals of the Strategic Plan: First, it promotes and protects Hubble’s pace of scientific 

discovery and potential for the future. Second, it strives to maintain the scientific integrity of Hubble and the James 
Webb Space Telescope (JWST) under NASA’s changing budget constraints. Third, the DO seeks to improve the culture 

and environment within the Institute at all levels. Fourth, it ensures that the Institute remains NASA’s choice and the 

choice of the community to implement the science and operations of Hubble, JWST, and their successors. Fifth, the 

DO delegates authority, instills responsibility, and ensures accountability in the organization.  »  The Director [DIR] 
is the leader of the Institute and is responsible for its performance to the AURA President, the AURA Board, NASA, the 

community of scientific users, and the public. He is the selecting official for time on the Hubble Space Telescope and 

for the associated grant funding to support scientific research with the data. He recommends to AURA the promotion 

of scientists to tenured appointments. He approves budget plans for the Institute, as well as large capital expenditures 

and use of discretionary funds. The Director represents the Institute to the AURA oversight committees—the Space 

Telescope Institute Council (STIC) and the Institute Visiting Committee (IVC)—the AURA Board, and the public at large. 

The Director is the head of the Director’s Office, which includes the Deputy Director, the Associate Director for Science, 

the Chief Information Officer, the Head of Program Management, and the Head of Business Services.  »  The Deputy 
Director [DD] serves as Acting Director in the Director’s absence. The DD is responsible for oversight of the Divisions 

that directly support the missions: Instruments, Operations and Data Management, and Engineering and Software 

Services. The DD presides over regular reviews of the Divisions and their work plans, and is responsible for ensuring 

that the staff can meet the commitments of the Institute. 

Associate Director for Science [ADS]
The ADS is the Institute’s senior officer for science policy and staffing. He is responsible for oversight of the Science 

Division, Science Policies Division, and the Office of Public Outreach. The ADS coordinates scientific hiring, renewal, 

and promotion, and oversees policies applying to the science staff and their research activities. He acts as a scientific 

representative of the Institute in initiatives with external organizations and sponsors.

Head of Program Management [HPM]
The Head of Program Management is responsible for planning, allocating, and tracking the budgets of the missions 

managed and operated by the Institute. The Heads of the HST Mission Office, JWST Mission Office, and Community 

Missions Office report to the Head of PM, who works with NASA to establish and maintain the contracts needed to 

carry out the Institute’s work. He works with the Mission and Division Heads to ensure that the missions’ goals are 

met as required by NASA.  »  The Program Management function comprises groups responsible for financial and 

resource management and for developing innovative programs throughout the Institute.  »  The Resource Management 
Group leads financial and business planning activities Institute-wide. It prepares, helps negotiate, and administers 

contract cost proposals, prepares and administers budgets and staffing plans, and generates government reports, such 

as budget variance analyses.  »  The Operations Management Group provides a managerial and programmatic 

integration between Divisions, Mission Offices, and the DO. It is a focal point for managing staffing and work plans, as well 

as schedules and requirements. This group’s program managers also participate in process improvement activities and 

lead special projects, where they promote effective integration, coordination, communication, and conflict resolution.



am studying Communication and Public Relations at the National School of Political Studies and Public Administration in Bucharest. I chose to make a Public Relations 

its mission, objectives and it’s present situation. I will make the analysis and I will send it to you. I will appreciate any help you can give me. Thank 

has some wonderful pictures available for viewing. I am an avid star watcher and keep close track of your website. Thank you for what you are  

Chief Information Officer [CIO]
The CIO develops Institute plans and policies that address the information management and technology needs of 

scientific research, engineering, management, and business. She coordinates strategic software and technology 

improvement projects for the operational environments and Institute-wide business systems, and is responsible for 

innovation studies, assessing both technology trends and emerging technology. The CIO ensures Institute compliance 

with information and network security regulations. She oversees the work of the Center for Process and Technology 

(CPT), makes recommendations on mission-critical systems architectures, and works with the Engineering and Software 

Services Division to coordinate approaches to software engineering. She represents the Institute to NASA regarding 

major information technology purchases, funding models, and security.

Head of Business Services [HBS]
The HBS manages the Business Resource Center and is responsible for planning, developing, and implementing 

policies that provide for comprehensive business management solutions. The HBS represents the Institute in major 

procurements and contract negotiations, including those with NASA and The Johns Hopkins University.

Center for Process and Technology [CPT]
The CPT is responsible for the Institute’s computing and communications infrastructure. It provides process engineering, 

develops technology-based solutions, and supports information systems for the Institute’s missions, scientific 

research, and business functions. The CPT delivers additional technical services that complement the Help Desk and 

provide a bridge between the process engineering, development, integration, and production branches of the CPT.      

»  The Information Technology Services Branch operates the Center’s Help Desk and provides call management for 

support platforms, applications, and  infrastructure.  »  The Technology Infrastructure Management Branch manages 

the Institute’s computing infrastructure. It provides system, network, security, database, and web administration to 

keep the overall computing environment operating reliably and efficiently.  »  The Technical Services Branch provides 

services and solutions to the Institute staff. It supports ongoing product development (e.g., handbooks, web pages, 

and sites), information management for engineering and business systems, multi-channel publishing, visual 

communications technology (webcasting and videoconferencing), and graphic design.  »  The Technology Systems 
Development Branch develops technology-based solutions, integrates new or improved processes into the Institute’s 

information systems processes, and develops architectural solutions for the Institute’s computing and information 

infrastructure.  »  The Strategic Initiatives and Process Engineering Branch evaluates and develops new methods, 

processes, and technologies to improve productivity and promote breakthroughs in science and engineering.

Business Resource Center [BRC]
The BRC provides business and administrative services to the Institute in the areas of finance, human resources, 

accounting, contracts, grant administration, procurement, facilities management, property administration, admin-

istrative support, and staff support services. It partners with the Center for Process and Technology to improve 

information technology support for BRC internal operations and communications. It also provides expertise and 

support to the AURA corporate office and other AURA centers. BRC is organized into branches and groups according 



Plan having as a topic Hubble’s mission and its achievments. I wanted to know if you can provide me with some information about Hubble itself and 

you for your understanding sirs.”  »   “Outstanding! I anticipate your new images with great expectation and anticipation. Thank you.”  »   “Your site 

making available to the public. It has helped me get my children interested too.”  »   “I am amazed by your HUBBLESITE Web pages and want to express my sincere  

to its major functions and responsibilities. It has a customer-service orientation, as it is involved directly or indirectly 

in almost every endeavor at the Institute, as well as in the careers of Institute staff, and in providing funds to General 

Observers (GOs) and Archival Researchers (ARs). The Business Support Group comprises administrative staff members, 

who are deployed by matrix assignments to the operating divisions, where they provide comprehensive administrative 

support and coordinate between BRC, Institute management, and the divisions.  »  The Finance Branch maintains all 

Institute financial records, prepares and monitors performance against indirect budgets, and produces management 

financial statements. It tracks property, provides travel support services for Institute staff and visitors, and ensures 

that procurements of products and services are competitive.  »  The Grants Administration Branch provides funds to 

GOs and ARs to support their scientific research based on Hubble observations. It facilitates the financial review of 

submitted budgets and makes funding recommendations to the Director for final approval.  »  The Contracts and 
Sponsored Programs Branch performs administrative functions associated with grants, cooperative agreements, and 

contracts in both the pre- and post-award phases. In addition, it oversees major subcontracts from initiation through 

closeout.  »  The Human Resources Department provides personnel services to Institute staff and management, 

including recruitment and employment, relocation, salary administration, benefits administration, development of 

Equal Employment Opportunity/Affirmative Action plans, employee-management relations, and various forms of 

training.  »  The Building Operations and Services Group manages the facilities infrastructure and provides a variety 

of staff support services, including security, housekeeping, parking administration, food services, document 

reproduction, and other logistical support. The physical plant comprises the 130,000 square foot Steven Muller 

building and a 300-car parking facility. Logistical support services are also provided for Institute staff in The Johns 

Hopkins University’s Bloomberg building.

Science Division [SD]
The SD fosters the research environment of the Institute. It monitors the functional assignments of individual scientists. 

To encourage career growth, it promotes research opportunities, provides mentoring and advice on professional 

development, and conducts annual science evaluations. The SD conducts visitor programs to foster collaborations, to 

enrich journal clubs, and to support distinguished astronomers for extended visits. It manages the Director’s 

Discretionary Research Fund, which supports staff research projects and investments in the Institute’s research 

infrastructure. The SD conducts a spring symposium each year on a major area of astronomy, as well as smaller-scale 

workshops on specific scientific topics and issues. It organizes brainstorming sessions on scientific topics, supports 

science initiatives, and forms agenda groups to develop issues affecting the productivity of Institute scientists.  »  The 

SD includes the Library, which procures and provides access to a large collection of paper and electronic resources in 

support of astronomical and correlative research, and which conducts citation studies to help measure the productivity 

of scientific staff and the Hubble observatory. The SD produces the Annual Report, the Newsletter, and Hubble 2004: 
Science Year in Review.

Science Policies Division [SPD]
The SPD manages the allocation of Hubble observing time, conducts the process of selecting the science program, 

including General Observers and Archival Researchers, and establishes science metrics to evaluate success. It is the 

Institute point of contact with oversight committees. It also manages the Hubble Fellowship Program and the Institute 

Postdoctoral Fellowship Program.
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appreciation to all your staff. I am from Canada living in the city of Laval near Montreal, Qué. Thank you VERY MUCH for your time. I am a new subscriber to your newsletter 

your precious endeavours.”  »   “Thanks for giving me the pleasure of seeing those fantastic pictures, which also taught me a great deal. I admire 

Hubble images.”  »  “I’ve heard that the Hubble lost funding. I pray that you find funding in time to save this treasure. We haven’t forgotten about all 

Office of Public Outreach [OPO]
The OPO develops astronomy-related educational products and services and delivers them to classroom students, the 

public, the media, and the astronomical community. It supports individual scientists in developing educational 

contributions based on their research.  »  The Formal Education Team develops educational materials that address 

national education standards and are relevant to K–12 curricula. It provides pre-service and in-service teacher training 

on the use of space science educational materials in the classroom.  »  The Online Outreach and Public Information 
Team develops and hosts a variety of Internet sites that provide first-hand information about Hubble and its discoveries 

to the general public and news media.  »  The Informal Science Education Team brings the excitement of scientific 

discovery and technological accomplishment to a wide audience through science museums, planetariums, libraries, 

and the Internet.  »  The News Team develops press releases, photo releases, and Space Science Updates to disseminate 

Hubble discoveries via print, electronic, and broadcast media.  »  The Origins Education Team operates a forum to 

coordinate the education and public outreach efforts of all of the NASA missions within the Origins theme.    »  The 
Education Grants Team empowers individual scientists to conduct their own education and public outreach programs.  

»  The JWST Community Outreach Team provides the astronomical community with information about James Webb 
Space Telescope.

Engineering and Software  
Services Division [ESS]
The ESS is responsible for systems engineering and software development support at the Institute and is organized 

into three departments.  »  The Science User Systems Department develops and maintains the software used by the 

astronomical community for proposal submission and processing, data analysis, calibration, and archival research; 

and by the pipeline and archive infrastructure. This department is made up of the Science Software Branch, which is 

responsible for the calibration and data analysis software; the Astronomer’s Proposal Software Branch, which is 

responsible for the extensive user interfaces used to prepare proposals and to structure observations; and the Data 
Systems Branch, which provides the pipeline and archive infrastructure software and the external archive interface 

software.  »  The Planning and Scheduling Systems Department is responsible for planning and scheduling software 

products used for Hubble, the Far Ultraviolet Spectroscopic Explorer, Chandra, and James Webb Space Telescope, and 

for several large ground-based optical observatories. This department is made up of the Planning Systems 
Development Branch, which is responsible for the front-end planning and scheduling software; the Scheduling 
Systems Development Branch, which provides the short-term scheduling software—including the Guide Star Selection 

System, Moving Object Support System, and Science Commanding System; and the Spacecraft Scheduling and 
Commanding Branch, which develops and maintains the system that prepares command loads for uplink to the 

Hubble spacecraft.  »  The Test and Systems Services Department is made up of the Test Engineering at Space 
Telescope Branch, which provides software testing and is responsible for the quality and productivity of testing as a 

fundamental process at the Institute; the Project Reference Database Group, which maintains, controls, and deploys 

the critical parameter definitions used by the application software for spacecraft systems; and the Database 
Engineering and Systems Infrastructure Branch, which develops and maintains databases throughout the Institute, 

as well as the various infrastructure components and tools used by the Division, and the Space Telescope Grants 
Management System, which is used by astronomers to submit Hubble budgets—and by institutions to administer 

them.  »  Three additional branches report directly to the ESS Division Office. These are the Mission Ground Systems 



as of today. By the way I live in the only city in Eastern Canada having the Cosmodome Space Science Center & Museum & Camp. May God richly bless 

your team for their knowledge and thank them for sharing a little of it with me.”  »  “I don’t need organized religion as long as I can look at those 

that you do for mankind.”  »  “A National Academies of Science committee finds that the Hubble Space Telescope, if repaired, is still a valuable scientific resource.”  »  
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Engineering Branch, which ensures that Institute software projects conform to requirements and employ robust 

methodology for development and testing; the Flight Systems Engineering Branch, which supports the development 

and maintenance of mission flight software and stored commanding; and the Systems Integration Management 
Branch, which provides technical project management support to cross-divisional initiatives, such as the integrated 

schedule for ground systems development for new Hubble instruments.

Operations and Data Management 
Division [ODM]
The ODM processes and schedules the selected Hubble observing programs and provides around-the-clock monitoring 

of the spacecraft. It processes Hubble data in the pipeline, distributes data products to the community, and operates 

the Multimission Archive at Space Telescope (MAST). It maintains and upgrades the Guide Star Catalog and Digitized 

Sky Survey. It is responsible for project management of the NSF-funded Information Technology Research program, 

“Building the Framework of the National Virtual Observatory,” and for coordinating the Institute’s technical, scientific, 

and outreach contributions to this initiative.  »  The Observation Planning Branch (OPB) works with Hubble users 

to ensure the optimal translation of their scientific requirements into the technical instructions necessary to operate 

the observatory.  »  The Science and Mission Scheduling Branch, with the support of OPB, prepares the master, multi-

year science-observing plan, which reconciles Hubble science program requirements and operational constraints at a 

high level. It then fits candidate observations into optimal weekly observing schedules with instrument calibration 

and engineering activities, and creates the detailed command loads that are executed by the telescope.  »  The Flight 
Operations Branch is responsible for spacecraft and instrument housekeeping, monitoring and maintenance, and the 

health and safety of the Hubble mission.  »  The Data Processing and Archive Services Branch is responsible for 

pipeline processing of all Hubble data. It provides data archiving and delivery services to users. It also provides offset-

slew and real-time target acquisition support for Hubble observers.  »  The Archive Sciences Branch manages data 

from many missions. It provides technical support to users, ensures the scientific integrity of the data, and enhances 

the scientific utility of the archive. It produces all-sky digital images and deep object catalogs to support observatory 

operations worldwide and to provide a research resource to the community.

Instruments Division [INS]
The INS is home for the scientific and engineering staffs who work directly on the Hubble Space Telescope, James 
Webb Space Telescope, and future missions. It supervises functional assignments of individual scientists to each of 

the three Mission Offices and is responsible for career growth and professional development of its staff, for all 

personnel decisions, and for establishing and developing expertise in its technical domain. INS supports Hubble 

observers to use the science instruments with maximum effectiveness, providing scientific and technical advice in 

developing observing programs and interpreting data. It calibrates and characterizes the science instruments. It 

facilitates the use of new science instruments by participating in their development, by capturing and transferring 

information about instrument operation and calibration to the Institute, and by coordinating the commissioning of 

all the instruments following a servicing mission.  »  The ACS & WFPC2 Branch is responsible for utilization of the 

Advanced Camera for Surveys and the Wide Field Planetary Camera 2.  »  The NICMOS Branch is responsible for 

utilization of the Near Infrared Camera and Multi-Object Spectrometer.   »  The Telescopes Branch maintains the 

Hubble focal plane model, monitors telescope focus, and supports use of the Fine Guidance Sensors (FGSs) as 
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astrometry science instruments. It also characterizes the anticipated imaging performance of Webb and its scientific 

capabilities. A small engineering team maintains engineering knowledge of the Hubble instruments and spacecraft, 

monitors health and performance of the instruments, and tracks the status of their limited-life items.  »  The 

Spectrographs Branch is responsible for use of the Space Telescope Imaging Spectrograph (STIS) and for supporting 

analysis of archival data from the retired spectrographs.  »  The WFC3 Branch is responsible for the Wide Field Camera 3.  

»  The COS Branch is responsible for the Cosmic Origins Spectrograph.  »  The Webb Instruments Branch participates 

in the development of instruments for Webb.  »  The Data Analysts Branch supports the technical work of the Hubble 

and Webb Missions, as well as the scientific research of Institute staff.

Hubble Space Telescope  
Mission Office [HSTMO]
The HSTMO is responsible for maximizing the science return from the mission by managing the Institute activities 

specific to the conduct of the Hubble Space Telescope program. It develops the overall Institute plans for Hubble 

science operations and system enhancements, working with the team leads in the operating divisions and centers. The 

HSTMO is responsible for establishing performance and development requirements, monitoring performance and 

schedules, and prioritizing the expenditure of resources. It works with the divisions, centers, and Program Manage-

ment to develop and then monitor yearly and long-term budgets. It is also responsible for establishing effective 

scientific, technical, and operational interfaces with the Hubble Project at Goddard Space Flight Center and  

associated contractors.

James Webb Space Telescope  
Mission Office [WMO]
The WMO collaborates with NASA to develop the scientific, technical, and operational vision for the James Webb 
Space Telescope. The WMO manages the development of the Webb Science and Operations Center. It works with the 

community to ensure the best Webb observatory possible within the cost constraints of this challenging program. It 

works with the Institute divisions to ensure proper support to NASA, the science instrument teams, and other Webb 

partners, including the prime contractor, Northrop Grumman Space Technologies.

Community Missions Office [CMO]
The CMO manages the Institute’s involvement in missions and projects other than Hubble and Webb by facilitating 

new initiatives and coordinating their review by the New Initiatives Panel and the New Starts Group. For missions 

arising in the community, the CMO promotes new applications for Institute products, services, and operational abilities 

customized to meet specific mission needs, striving to maximize the scientific return of the Institute’s involvements 

by engaging scientific and technical staff members directly in the support of community missions.

“This marvelous piece of equipment has given the world views of the Universe that enhance our ability to understand. There is more to see and more to do. Keep Hubble 

generations can see a beginning into our venture into space. It is a very important part into the history of the future space program.”  »  “Is it  

to keep it operating and I’m sure there are many people around the world willing to do the same.”  »  “The Hubble program has been the best invest-
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up there as our eyes to the heavens.”  »  “It is a landmark in space, it is smaller than Mir so it can be retrieved. Please preserve it so future  

possible to keep the Hubble Telescope working if the public buys its images and services? I would be willing to spend considerable personal funds 

ment of money used in any space program on the earth in all of history. Mankind has been privileged to see things that our ancestors could only dream about.”  »   

From its inception, 
the Space Telescope Science 

Institute has worked to make the science 
program of the Hubble Space Telescope the best in history 

and to bring Hubble’s wonderful discoveries to the public. By 
any measure, we have accomplished that goal and helped make Hubble 

one of the most important science facilities ever. For 15 years, 
astronomers worldwide have used its great power for first-rank research. 

Hubble has also become an enormously popular eye on the universe for people 
everywhere.    •    The Institute is a partner with NASA and the research 
community. We conduct the Hubble science program and tell the Hubble story. 
We strive to improve telescope operations, data management, selecting the 
scientific programs, supporting observers, and communicating results.    •    
We will sustain the science from Hubble while preparing to make the 

James Webb Space Telescope as important as Hubble has been. We will optimize 
the utility and productivity of our observatories. We will promote new 

missions with potential for unlocking the secrets of the universe. 
We will share the excitement of astronomical discovery 

with an attentive public through the media, over the 
Internet, in museums and planetariums, and 

in homes and classrooms. 

O U R  V I S I O N  I S  T O  B R I N G  T H E  C O S M O S  T O  T H E  D E S K T O P S  O F  A S T R O N O M E R S ,  S T U D E N T S  A N D  
T E A C H E R S ,  A N D  I N T E R E S T E D  C I T I Z E N S  A C R O S S  T H E  C O U N T R Y  A N D  A R O U N D  T H E  W O R L D .



Hubble is our first telescope. In 1990, it launched a new era of astronomical research from space with unprecedented  

capability, data quality, and data volume.   »   We will optimize the science program of Hubble’s second  

ten years and continue to serve the community in its best scientific use of the facility.

Webb will be our second major telescope. Starting in this decade, it will explore the universe at 

infrared wavelengths.   »   We will help develop—then operate—the best Webb possible, with 

full inheritance of Hubble lessons-learned and full engagement of the community in  

its development.

Our archive has become a first-rank research facility, providing unique research and 

outreach opportunities.   »   We will continue to run the best astronomical data 

archive in the world, adding new data sets, providing new research tools, and 

collaborating with other data centers to provide an international astronomy 

data system.

Our education and public outreach programs have engaged the public and made 

Hubble a household word.   »   We will improve these programs, extend them to 

Webb, and make them available to the rest of astronomy, ensuring maximum 

benefit from the research enterprise to the public. 

Our new technologies to improve Hubble operations have been applied beyond 

astronomy; we expect this trend to continue, increasing the benefit to society as a 

whole.   »   We will continue to facilitate the transfer of our technical innovations 

to other space astronomy missions and other fields of research.

Our approaches and solutions to technical, operational, and procedural challenges have 

changed the way astronomy is done and have been adopted by observatories worldwide.   

»   We will continue to attract the best technical staff to advance and apply the  

state-of-the-art for astronomy.

Our excellent astronomy and support staff has made us a first-rank research institute.   

»   We will continue to attract excellent scientists and provide them with an academic 

environment that nourishes excellence in research.

We recognize the importance of supporting and advancing all of our missions and programs—Hubble,  

Webb, the archive, our outreach programs—to enable our vision.   »   We will continue to work with the  

community to investigate and advocate new missions that will enable further scientific advances.

1
2

3 

4 
5 

6
7

8

“I think the Hubble Space Telescope is the greatest invention of the twentieth century. It has vastly expanded our knowledge of the universe and proves the old adage 

up the exceptional work for a long time to come.”   »  “Hubble was/is an extension of our own eyes.... giving us beautiful pictures showing the wonder 

has provided more information and insight into the origins of the universe than any prior instrument. The images of nebulae, star clusters, exploding 

goals



that truth is stranger than fiction. The images are beyond belief and an inspiration for the imagination of every inquiring mind. I hope you will keep 

of the universe... It’s a human thing, not a scientific thing. An emotional thing. And it is now more important than ever.”  »  “The Hubble Telescope 

stars and distant galaxies are astounding to see.”  »  “It would be a shame to let all of the unfound information just pass us by. I teach my children that we are beings 
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Optimize the science program  
of the Hubble Space Telescope
We will optimize the science program of Hubble’s second ten years and continue to serve the 
community in its best scientific use of the facility.

1
A primary responsibility of the Institute is to optimize the 

science program of the Hubble Space Telescope. This respon-

sibility is carried out by all involved in the Hubble program—

scientists, engineers, and technical staff in organizations 

across the Institute. There are several major areas where the 

Institute adds value to the Hubble science program, and these 

naturally are the focus of our improvement activities. These 

include stimulating the best possible science program from the 

astronomy community via the proposal selection process, 

squeezing the highest possible observing efficiency from the 

telescope, providing timely and accurate calibration of the 
Hubble data, stimulating the use of the Hubble data archive for 

additional scientific results, and providing tools to support the 

astronomy community’s use of the telescope and the archive.

» In 2004, the observing efficiency of Hubble remained very 

high, and the science instruments, particularly the Advanced 

Camera for Surveys (ACS), delivered spectacular data. The 
performance of the Hubble data archive in 2004 was outstanding, 

with the problems encountered in 2003 having been completely 

solved through a combination of new hardware and new 

software systems for both ingest and distribution of data.

» With the nature and timing of Hubble servicing being 

uncertain, we have undertaken several efforts to extend the 

operational life of the telescope. The most noteworthy project 

in this area is the implementation of a mode of science 

operations that is feasible with only two gyroscopes, instead of 

the three currently required. Preliminary simulations and recent 

tests of this two-gyro mode indicate that there will be only a 

very modest, if any, impact on the quality of the data due to 

telescope jitter. However, the scheduling of observations for 

certain targets will become more difficult, due to their more 

restricted visibilities.

» Unfortunately, the year 2004 also saw the demise of the 

Space Telescope Imaging Spectrograph (STIS), due to the 

malfunction of a power supply on August 3, 2004. Additional 

proposals were called in from the existing pool, and some of 

the STIS programs were converted to the Advanced Camera for 

Surveys. This made it possible to maintain the high observing 

efficiency of Hubble, without any interruption.

Stimulate the best Hubble science program
Under an accelerated schedule, which has significantly short-

ened the time between proposal submission and observations, 

the Time Allocation Committee (TAC) and 11 discipline panels 

met in Baltimore at the end of March 2004 to evaluate the  

969 proposals that were submitted in late January for Cycle 13 

of Hubble observations and archival research. Cycle 12 obser-

vations drew to a close during the summer, and Cycle 13 

observations began in July. Publication and citation metrics 

point to the ever-increasing scientific productivity of Hubble, 

in part reflecting the high productivity of its mature instruments, 

the ACS, STIS, and Near Infrared Camera and Multi-Object 

Spectrometer (NICMOS). Hubble’s scientific success is also 

reflected in the intense competition for observing time—the 

Cycle 13 oversubscription in requested orbits was 5.5 to 1—and 



that seek knowledge.”  »  “The final frontier is found within ourselves, the search for how far we as a people are willing to go. We will quest in ourselves for the dreams 

into getting Hubble into space.  We have a great achievement in the sky above the haze of the lights, pollution and atmosphere that is providing more 

simply existing.  I have barely scratched your surface but have a beautifull images that opens my eyes.  American tax payers fund this? Thank you 

in the care and consideration of the TAC and its panels in 

recommending the best proposals for selection.

» One novel feature of the Cycle 13 TAC process was 

transparent to the community: it was essentially paperless. 

Every step—from issuance of the Call for Proposals, to submission 

and receipt of proposals, to their dissemination and evaluation 

by the panelists, to the notification of Principal Investigators 

(PIs)—was performed electronically. The Institute did offer to 

provide the necessary resources to any Cycle 13 panelist who 

wished to have paper copies of proposals to review, but only 

one out of one hundred panelists insisted on it. An electronic 

process requires much less time from start to finish. 

» Cycle 13 continued the collaboration between the 

Institute, the National Optical Astronomy Observatories, and 

the Chandra X-ray Center to provide for observing time on the 

Hubble and either Chandra or NOAO telescopes. Under this 

program, proposers for Hubble observing time may also receive 

observing time on the other facilities as necessary for the 

science objectives of the Hubble proposal, up to a maximum of 

400,000 seconds on Chandra and 20 nights on NOAO telescopes.

» Observations with STIS came to an abrupt end in August 

following the failure of a power supply component. A total of 

129 programs from Cycles 11, 12, and 13 were affected. Thanks 

however to our well-established procedures, the Cycle 13 

panels and TAC had been asked to rank-order proposals well 

below the nominal cut-off line; it was therefore relatively 

straightforward to select new replacement programs. In total, 

45 new programs were accepted. It is remarkable that because 

of the large oversubscription rate for Hubble, these programs 

were still within the first quartile of top proposals. The main 

areas of scientific research affected by the loss of STIS are 

studies of quasar absorption lines and the interstellar medium. 

Figures 1 and 2 show the overall impact by science category 

following the loss of STIS.

» To assess the impact of Hubble observations on 

astrophysical research, we use standard, objective measures of 

productivity and impact. Among these measures are the annual 

number of published papers based on Hubble data (Figure 3) 

and the mean annual number of citations based on Hubble data 

•  AGN-AGN/Quasars  •  COS-Cosmology  •  CS-Cool Stars  •  GAL-Galaxies  •  HS-Hot Stars
•  ISM-Interstellar and Intergalactic Medium  •  QAL-Quasar Absorption Lines and IGM
•  SF-Star Formation  •  SP-Stellar Populations  •  SS-Solar System



of the next generation.”  »  “I worked at Goddard Space Flight Center in 1986-89. I saw all the work, delays, frustration and heart that was placed 

data per day than we can possibly study.”  »  “The Hubble is one of the modern wonders of the world. Keep it alive!”  »  “Thank you very much for 

from the UK!”  »  “The HST has opened my eyes to the wonders of the universe. If you truly believe scientists have gleaned all the information they can from the HST, you 

(Figure 4). Following a strong and regular increase of 

publications during the first eight years of Hubble, the number 

of papers continued to increase, although at a slower pace 

during the last several years. The year 2004 saw another 

significant increase, reaching a new record value of 601 

published papers based on Hubble data. The current total is 

over 4700 refereed papers. During the last five years, the 

number of refereed papers based on Hubble data constituted 

about eight percent of all refereed papers published in the  

five major journals: The Astrophysical Journal, Astronomical 
Journal, Astronomy & Astrophysics, Monthly Notices of the Royal 
Astronomical Society, and Publications of the Astronomical 
Society of the Pacific. 
» Figure 4 shows the histogram by year of the mean number 

of citations (from the Astrophysics Data System) of refereed 

papers based on Hubble data. For comparison, the curve shows 

the mean number of citations for all refereed astrophysics 

papers. This shows clearly the impact of Hubble science: the 

average paper based on Hubble data receives about 50 percent 

more citations than the average astrophysics paper.

» Figure 5 is the histogram by year of the number of refereed 

papers based on Hubble data that have not been cited. 

Understandably, there is a time delay between the publication 

of a scientific paper and the first paper citing it. After allowing 

a few years to elapse, only about two percent of the Hubble-

based papers have no citations, whereas about one quarter of 

all refereed papers in astrophysics are never cited. The high 

quality of papers based on Hubble observations is consonant 

with the high degree of competitiveness of the proposal process.

» Figure 6 compares the number of refereed papers per year 

based on Hubble data to those based on the European Southern 

Observatory’s Very Large Telescope, on the Keck Telescopes, and 

on the Chandra X-Ray Observatory. These numbers clearly show 

the large impact of Hubble-based science, compared to other 

major ground-based and space-based astronomical observatories.

Optimize Hubble science operations
In 2003, the overall Hubble scheduling efficiency remained 

high, averaging 43.5 percent for prime science observations 
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should state that. I however suspect you could not make that claim and know it to be true in your heart.”  »  “I would just like to say thank you for putting these beautiful 

never be able to see such stunning detail of these wonders of space.”  »  “Thank you very much for all your efforts. We were really SPELLBOUND by 

will surely visit you again and again. Please keep up your excellent work !”  »  “When life gets stressed, I love to look at the views of something so 

and 48.21 percent for prime plus snapshot observations, as shown 

in Figure 7.

» The most significant challenge to maintaining a high level 

of observing efficiency in Cycle 13 came with the loss of STIS 

observing in August 2004. This event essentially forced the 

reprocessing of approximately one third of the Cycle 13 

observing pool and the rebuilding of most of the Cycle 13 Long 

Range (observing) Plan. Roughly 1300 orbits of STIS observing 

were lost and needed to be replaced by a combination of 

supplemental programs selected from the pool of Cycle 13 

ranked programs (below the original cutoff) and the small 

fraction of STIS programs that could be converted to use ACS or 

NICMOS. The rework of the plan occurred in two phases. The 

first phase was an immediate re-plan into 2004 of Cycle 13 ACS 

and NICMOS observations that had been assigned to execute in 

2005, to ensure that the Hubble schedule remained fully 

subscribed through the end of the calendar year. The second 

phase involved receiving, reviewing, processing, and planning 

the combined supplemental and STIS conversion programs that 

were accepted by the Director to fill out the remainder of  

Cycle 13. To complicate matters, the supplemental programs 

introduced a small-scale version of the Cycle 12 planning 

problem, where several of the programs requested targets 

located within the same several hours of right ascension as a 

previously planned large Cycle 13 program. As in the past, 

Hubble observers and the Institute cooperatively responded to 

operational challenges in order to define and implement a 

science program that achieves the high quality and efficiency 

expected from Hubble. As a result, while the loss of STIS is 

significant with respect to science achievements as a whole, its 

impact on the Cycle 13 observing efficiency is minimal. 

» We have implemented additional planning and scheduling 

operational system redundancies in response to NASA and 

Hubble project management directives to enhance the ground 

segment’s ability to respond to natural disasters and national 

security threats. An off-site planning and scheduling system 

was completed in December 2004, after nearly one year of 

development and implementation. The system will allow Hubble 

schedules and command loads to be generated and delivered to 



images on the web. The pictures of nebulae are the ones I like best... great inspiration for any sci fi artist. Without the Hubble telescope, we would 

the beauty & vastness of God’s Creation. Really appreciate all you have brought to our eyes. Am sure I speak for many who have seen this site. We 

large, so awesome, and it all exists without any help from us. It’s reassuring, and beautiful, and violent and peaceful at the same time, what beauty created by what  

the telescope in the event of a catastrophic failure of the 

primary planning and scheduling site. 

» During 2004, the Institute upgraded the primary file and 

database servers that support the Hubble proposal implement-

ation, planning, scheduling, and command load generation. 

The new equipment replaces aging hardware systems that were 

prone to failures, provides greater data service redundancy and 

reliability, and significantly improves application runtime 

performance. In addition, the coincident restructuring of the 

file server data partitions according to the needs of the 

individual ground system functions is expected to contribute to 

more efficient data management and operations activities for 

these ground system components.

» With the uncertainty of a fourth servicing mission, the 

desire for a two-gyro science (TGS) mode of operations increased 

dramatically during 2004. Hubble’s superb pointing stability is 

made possible by the simultaneous use of three gyroscopes and 

of two Fine Guidance Sensors (FGS) during each observation. 

When the number of active gyros drops to two, one of the 

pointing directions is controlled exclusively by the FGS, 

potentially resulting in an increased jitter in that direction. 

Models suggested that the jitter can increase to about 10 

milliarcseconds from the current 3 milliarcseconds, with the 

exact value depending on the magnitude of the guide stars and 

on which gyros are active. However, recent on-orbit test showed 

that the observed point-spread function in two-gyro mode is 

virtually indistinguishable from that in three-gyro mode, 

suggesting little or no degradation in the image quality in 

Hubble instruments. 

» In response to this need for extending the operational 

life of Hubble, we began a two-phased development effort to 

modify our scheduling systems to support two-gyro science. 

Teaming the software, science, and operations groups at the 

Institute, along with system engineers at the Goddard Space 

Flight Center (GSFC), we developed a basic capability for two-

gyro science, known as TGS Phase A. 

» TGS Phase A involved modifications to both the long-

range planning systems and the short-term scheduling systems 

at the Institute, with the majority of the changes impacting the 

short-term scheduling systems—the Science Planning and 

Scheduling System (SPSS) and the Payload Operations Control 

Center’s Application Support Software (PASS). The goal for TGS 

Phase A was to quickly provide a basic two-gyro operational 

capability in case of early gyro failure. We started by defining 

new guiding scenarios for two-gyro mode, so that two-gyro 

proposals could be manually created. Then SPSS was modified 

to be able to schedule visits onto a weekly calendar, taking into 

account two-gyro scheduling constraints. The modified PASS 

system then takes the Science Mission Specification generated 

from the calendar and builds the stored command loads 

containing the onboard attitude determinations and guide star 

acquisitions needed to run two-gyro mode onboard Hubble. 

» In support of TGS Phase A, we conducted a number of 

science studies to identify scheduling constraints, evaluate 

target schedulability, and predict scheduling efficiency. Figures 

8 and 9 show a comparison of target schedulability in two-gyro 

versus three-gyro mode.

» We participated in several on-orbit tests to demonstrate 

key aspects of two-gyro mode. The first test, in April 2004, 

confirmed the ability of the spacecraft to operate in a mode 

that involves using a magnetometer in combination with two 

working gyros to maintain Hubble pointing control. This test 

also demonstrated the ability of the Fixed-Head Star Trackers 

(FHSTs) to autonomously track a star for rate control purposes. 

A second on-orbit test, executed in June and July 2004, verified 

a method for performing target re-acquisitions in two-gyro 

mode using an existing but previously unused feature of the 

onboard flight software, to save and restore target–specific 

attitude information in successive orbits.

» The final on-orbit test in 2004 provided the first 

opportunity to test the scheduling system’s ability to uplink 

stored loads containing two-gyro commanding. The test 

covered additional cases, including periods of bad magnetic 

field alignment, which affects pointing accuracy, as well as the 

mode that uses a FHST in combination with the two working 

gyros to maintain stable pointing. In this mode, Hubble can 

perform onboard attitude determination in response to ground 

system commanding. Once the attitude is computed, an 
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violence. I hate violence, but these pictures are so wonderful.  »  “My name is Elizabeth, I live in Sao Paulo, Brazil. Thank you for making possible for us to see such 

for your wonderful work.”  »  “Sharing what we learn about the universe is critical. HST provides a life changing perspective for all who acceess the 

delivers to the greater public, of which, I am a thankful a part.”  »  “Hello, We are a little astronomy’s club of Vendée (FRANCE). We would like to make 

onboard correction maneuver can be performed to bring the 

attitude error down to a level at which science observations can 

be performed.

» The success of the on-orbit tests and the verification of 

the scheduling system software through system-level end-to-end 

testing indicate that a basic TGS mode of operation is supportable.

» Work on TGS Phase B, which will provide full two-gyro 

operations support, began. A design review was held in 

December 2004 for the capabilities that will automate two-gyro 

proposal submission and long-range plan generation, optimize 

the scheduling algorithm, and provide additional science 

capabilities (e. g., moving targets).

Calibrate Hubble data
Advanced Camera for Surveys (ACS)
ACS is now the most-used instrument on Hubble and has already 

produced many important scientific results. The instrument 

continues to perform as expected. All modes, both the 

supported ones and the available-but-unsupported ones, are 

operational and available to users. Over the past year we have 

continued to improve our understanding of the calibration of 

the instrument.

» We have measured the bias and dark count rates of the 

ACS CCDs on the Wide Field Camera (WFC) and the High 

Resolution Camera (HRC) using regular calibration observations 

that occur at least every other day. These observations have 

been used on a continuous basis to generate high signal-to-

noise bias and dark reference files for use in the ACS data 

reduction pipeline.

» We studied and quantified the gain, full-well depth, and 

linearity of the ACS CCDs. The CCDs on ACS can be operated at 

multiple gain settings. Analysis of calibration and science data 

yielded corrections of about one percent or less to the various 

gain settings, when measured with respect to the default values. 

Maps of the full-well depth, at which saturation sets in for both 

HRC and WFC, show spatial variations in excess of 10 percent. 

When operated with gains that fully sample the full-well depth, 

the CCDs remain perfectly linear (to better than 0.1 percent in 

relative count levels) to well beyond saturation, if one sums 

over pixels that have been bled into as a result of saturation.

» Due to the harsh radiation environment in space, CCDs on 

Hubble have a Charge Transfer Efficiency (CTE) that degrades 

slowly with time. For the CCDs on ACS we have continued  

to monitor this degradation through regular calibration 

observations. Data of the globular cluster 47 Tucanae obtained 

with the WFC in March 2003, August 2003, and February 2004 

are consistent with a slow CTE degradation that is approximately 

linear with time. Photometric losses due to imperfect parallel 

CTE increase with decreasing stellar flux and decreasing 

background surface brightness. The photometric losses 

decrease with increasing aperture size, probably due to the 

ability of large apertures to recapture a fraction of the trapped 

and emitted charge. There is no evidence for significant serial 

CTE losses at the present time. A time-dependent global fitting 

formula is available that allows correction for the parallel CTE 

losses. We have made predictions for the quality of the parallel 

CTE on WFC towards the end of the decade based on these 

formulae. We expect that the vast majority of ACS science 

applications will retain a flux measurement precision of a few 

percent or better.

» The four amplifiers of the WFC display some minor 

electronic cross-talk effects. We have completed an analysis of 

this effect. Generally a bright object in one quadrant leads to 

minor additive (negative) offsets at a mirror-symmetric position 

in the other quadrants. The effect is generally only a few 

electrons per pixel, would often be corrected by local back-

ground subtraction, and is generally only a cosmetic issue. 

» We have continued to improve our calibrations of the 

Detector Quantum Efficiency curves, filter throughput curves, 

and photometric zero-points of WFC and HRC. The latest curves 

reproduce the observed count rate of spectrophotometric 

standard stars with an accuracy of better than one percent in 

all broad-band filters, and approximately one percent for 

narrow-band filters. This is an improvement of one to two 

percent with respect to the curves that were previously used by 

the ACS pipeline. 

» We completed a study of possible time-variations in the 

photometric zero-points for ultraviolet filters on both the HRC 



marvelous images. I love looking at the space. It´s a moment when I see a reason for life, we are so small, in such an imense universe. Thank you 

site, and see beyond the layers of atmosphere. The information avalible at HST allows me, personally, to create fiction based upon the facts it  

a show about the activity of the observatory around the world. Can you help us? We would like somes posters, pictures or documents about your observatory to explain 

and the Solar Blind Channel (SBC). Repeated observations of 

the star cluster NGC 6681 indicate that ACS does not suffer 

from ultraviolet performance degradation due to contamination 

build-up. For filters F220W, F250W and F330W, any sensitivity 

changes must be less than one percent. These results are  

not unexpected, since, unlike the Wide Field and Planetary 

Camera 2 (WFPC2), ACS does not have a cold external window.

» In the first few years of ACS operation the filter wheels 

did not always rotate to their nominal position. Instead, they 

were sometimes off by one motor step. This was not generally a 

problem, except for those filters with small blemishes. A 

blemish produces an out-of-focus feature in the flat field, which 

changes position if the filter wheel does not rotate to its 

nominal position. For a few filter combinations this effect led 

to flat-fielding errors that could exceed one percent over a 

small part of the field of view. We have now addressed this 

problem through an upgrade to the flight software, which is 

responsible for all on-board commanding of the instrument. 

Tests with the new software indicate that now the filter wheel is 

always correctly positioned.

» We have documented significant advances in our 

understanding of the polarimetry calibration for the ACS.  

An analysis was completed of existing ground-based test 

information and on-orbit calibration data. A novel deter-

mination of the filter angles was completed by noting that the 

residual positions of stars between polarized and unpolarized 

observations are anisotropic and rotate with the orientations of 

the polarizer filters. This confirms the proper mounting of 

filters and provides an independent detailed measurement of 

these critical angles.

» Coronography is another special mode available on ACS. 

Flat-fielding is a necessary but difficult aspect of these obser-

vations. Due to vignetting by the Lyot stop and the presence of 

occulting spots, the usual ACS flat fields cannot be used for 

coronography. ACS coronographic flat-fielding is further com-

plicated by unpredictable motions of the occulting spots,  

which have continued to drift randomly over a region some five 

pixels across. Coronographic flat-fielding therefore requires 

the division of a pixel-to-pixel flat field followed by the removal 

of a large-scale flat reflecting the appropriate positions of the 

vignetting patterns. We developed a technique for overcoming 

many of these difficulties and creating ACS coronographic flats 

to better than two percent accuracy on spatial scales of a few 

or more pixels. This technique has been implemented into the 

ACS data reduction pipeline.

» The ACS SBC, a Multi-Anode Microchannel Array (MAMA) 

detector in the far ultraviolet with heritage from the STIS far 

ultraviolet (FUV) detector development, has so far been the 

least used detector on ACS. With the likely loss of STIS, we 

expect its use to rise in the coming year. We have carefully 

measured the dark count rate of the SBC. While the SBC dark 

count rate is somewhat higher than for the STIS/FUV MAMA, 

the SBC is almost twice as sensitive. So the ACS/SBC can 

substitute well for most STIS/FUV imaging applications and, 

with its prisms, for some of the spectroscopic capabilities of STIS.

» Although ACS has become known for the power of its 

imaging, reduction of the data is complex because of the strong 

geometric distortion of its field. Through a calibration 

outsourcing program, the geometric distortion has now been 

calibrated for broad- and medium-band filters on HRC and WFC 

to levels of hundredths of a pixel. This was achieved through 

analysis of multiple dithered observations of a dense stellar 

field. At the Institute, we calibrated the geometric distortion 

for the polarimetric modes of ACS to a similar level of accuracy. 

Observers who want to perform photometry on flat-fielded but 

not geometrically corrected images will need to correct for 

variations in pixel area over the field induced by the geometric 

distortion. For this purpose, we make pixel area maps available 

through the ACS web site.

» The geometric distortion of ACS must be corrected post-

hoc, during data analysis. The innovative program MULTIDRIZZLE 

simultaneously combines dithered images, rejects cosmic rays 

and detector artifacts, and corrects for geometric distortion. 

This produces data that are both astrometrically and 

photometrically accurate. In September 2004, MULTIDRIZZLE was 

implemented in the ACS data reduction pipeline, where it is 

now applied to all associated ACS data sets. Image offsets 

between exposures are derived from the image headers.
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your job.”  »  “Hubble is a cosmic microscope which gives us information as to who we are, where we came from and possibly gives us the information we need to save 

galaxy was the Milky Way.”  »  “The Hubble Telescope is a beloved icon in American culture. If it’s no longer of use, bring it back and put it in the 

or Science until I saw pictures of our wonderous universe. Pictures from the Hubble Telescope have awakened interest in Space and Science that I 

» A new version of the ACS Data Handbook was released 

with up-to-date discussions of lessons learned from two years 

of scientific use and calibration of ACS. A new chapter on error 

sources quantifies readout noise, flat field properties, cosmic 

rays, and other effects affecting ACS data. Another new chapter, 

on ACS data analysis, provides a guide to extracting information 

for photometry, astrometry, polarimetry, coronography, ramp 

filters, and spectroscopy with grisms and prisms. 

» An updated ACS Instrument Handbook was released for Cycle 14.

Near-Infrared Camera and Multi-Object Spectrometer (NICMOS)
During 2004, NICMOS has continued its successful role as 

Hubble’s eye in the infrared. Since its revival following the 

installation of the NICMOS Cooling System (NCS) during 

servicing mission 3B (SM3B) in 2002, NICMOS has produced a 

steady stream of scientific results. Now in its fourth year of 

scientific service, NICMOS has delivered some of its most 

important results to date. The data processing pipeline 

continues to mature with some long-awaited improvements. 

» NICMOS has operated smoothly during 2004 with only 

minor interruptions and no lost science. The NCS has continued 

to operate flawlessly and, through active monitoring of the 

dewar temperature and adjustments of the cooler set point, we 

have maintained the detector temperature at the target 

temperature of 77.15 K with typical variations of only 0.1 K. 

Changes to the reporting of temperature data during 2004 have 

allowed us to routinely obtain more up-to-date information on 

the thermal status of NICMOS. This was particularly important 

following the failure of STIS and the subsequent thermal changes 

in the aft shroud, when we made several adjustments to main-

tain temperature. The thermal stability of NICMOS with the NCS, 

compared to the cryogen-cooled era in Cycles 7 and 7N, mini-

mizes temperature-dependent uncertainties in the calibration.

» Scientific activity with NICMOS was vigorous during 2004, 

with 79 separate scientific programs completing 665 prime 

orbits. In response to the STIS failure, 14 new NICMOS programs 

with 342 orbits were added to the Cycle 13 NICMOS pool. More 

than 700 additional NICMOS orbits were reviewed and ready to 

be executed in the remainder of Cycle 13. 

» Some of the most important and widely reported scientific 

results of 2004 derived from the NICMOS ultra-deep fields. Both 

the Treasury program led by Dr. Rodger Thompson of the 

University of Arizona and the NICMOS parallel fields associated 

with the ACS Ultra-Deep Field produced some of the deepest 

infrared images of the universe ever obtained. These programs 

were technical successes, and they have inspired innovations in 

data analysis and improvements in the data pipeline, including 

more careful treatment of sky and dark frame subtraction, 

correction for residual persistence, and cosmic-ray rejection 

during the MULTIDRIZZLE step. 

» The complexity of the NICMOS detectors has been well 

documented and is described in the updated 2004 NICMOS 
Instrument Handbook. Because of this complexity, the data 

pipeline is crucial to enhancing the utility of data collected 

with NICMOS. In 2004, we took steps to regularize and 

accelerate improvements in the calibration pipeline. 

» New NICMOS calibration zero-points were delivered to the 

pipeline on July 29, 2004. All zero-points were updated using 

all photometric observations available from the two primary 

Hubble standards, P330E (a solar-analog star) and G191B2B  

(a white dwarf). The new zero-points clearly reflect the  

20–90 percent increase in NICMOS sensitivity (depending on 

wavelength) after NCS installation. The calibrations were further 

improved by using wavelength dependent aperture corrections, 

so that the calibration constants now correspond to the total 

flux of a star and no longer to a flux in a fixed aperture size. The 

errors in the absolute calibrations of the zero-points are thought 

to be less than five percent (mainly due to uncertainties in the 

absolute flux calibration of the standard stars in the infrared), 

while the internal color calibrations are consistent at a level of 

less than three percent. 

Space Telescope Imaging Spectrograph (STIS)
In 2004, the Institute carried out a significant number of 

activities to maintain or improve the calibration accuracy of 

data from the Space Telescope Imaging Spectrograph (STIS). 

Unfortunately however, STIS operations halted in August due to a 

failed power supply. 



our planet and us from destroying ourselves.”  »  “I made Ds in high school science and a D in college science. Until the Hubble, I thought the only 

Smithsonian. Can't afford it? Just ask the American people. We will pay.”  »  “I grew up under the lights of NYC and never had any interest in Space 

never knew I had.”  »  “Hubble is an engineering wonder. I know nothing about astronomy, but I know it’s extremely important to our future. Don’t give up!”  »  “The 

» We investigated the root cause of three unsuccessful STIS 

target acquisitions that occurred in 2003, which were due to 

failures of a calibration lamp used for these acquisitions. As 

part of this investigation, we reviewed the performance of all 

STIS CCD observations that were performed with this lamp 

during the last two years. We concluded that all data on the 

target acquisition failures were consistent with a delayed fire-

up of the lamp and that a prolonged lamp warm-up time (from 

two to four seconds) would have prevented all failures. After a 

four-second lamp warm-up time was included in STIS operations, 

no further acquisition failures occurred. We also improved the 

algorithm for the slit-finding step within the STIS target 

acquisition flight software, to render it more robust against the 

possibility of an intermittent lamp failure. 

» We used spectra of a point source with narrow emission 

lines to determine the properties of the Line Spread Functions 

(LSFs) at the pseudo-aperture locations. These locations are 

near the read-out amplifier of the CCD to minimize the effect of 

charge transfer inefficiency for the first-order spectroscopic 

modes using the CCD. A comparison between the LSFs at the 

nominal and the pseudo-aperture locations on the slits revealed 

no measurable differences. This means that the previously 

available LSFs, which were determined for the nominal slit 

positions, can be used for the pseudo-aperture positions as well. 

» We finished a long-term study of CCD imaging throughput, 

based on measurements of several stars in a sparse field within 

the globular cluster Omega Centauri. This field has been imaged 

at several Hubble roll angles. After correction for imperfect 

charge transfer efficiency, the data are consistent with no 

temporal variations in throughput for the stellar types covered, 

within the limits set by Poisson statistics. Also, no significant 

variation of throughput across the field of view of the STIS CCD 

was found. 

» We used deep CCD images and slitless spectra of a large 

sample of stars of various stellar types to obtain accurate 

measurements of the throughput of the STIS CCD imaging 

modes. As a result, we decreased the sensitivity curve at long 

wavelengths by up to 18 percent relative to the pre-launch 

measurements. We also measured wavelength-dependent 

aperture corrections for imaging modes and found them 

significant for red objects, with up to 20 percent of the flux 

coming from outside a radius of 0.5 seconds of arc, which 

corresponds to 10 pixels on the STIS CCD. We believe this is due 

to scattering within the mounting substrate of the STIS CCD, 

which becomes more pronounced as the silicon transparency 

increases at long wavelengths. 

» We implemented significant improvements to the time 

dependence of the flux calibrations of first-order spectroscopic 

modes. The new calibrations reflect a recent slow-down of the 

decline in the time-dependent sensitivity. For STIS data taken 

in 2003 and 2004, the new calibration changes extracted fluxes 

by roughly three to five percent, depending on the observing 

mode. Overall, fluxes for first-order STIS CCD and MAMA spectra 

are now typically corrected for sensitivity changes to one percent 

or better. We have implemented the new calibrations in the STIS 

pipeline as well as in the synthetic photometry package 

SYNPHOT. 

» Unfortunately and unexpectedly, STIS stopped science 

operations on August 3, 2004, roughly 7.5 years after it was 

installed on Hubble. The fatal problem was the failure of a 

power supply within the “side-2” electronics. (The “side-1” 

electronics failed in May 2001, when a short circuit blew a fuse, 

thus knocking out the side-1 electronics.) The failed unit 

delivered power to all the mechanisms within STIS, including 

the aperture wheel, the Mode Select Mechanism (which selects 

gratings and mirrors for a given observing mode), and the CCD 

shutter. In the absence of a working power supply, the 

mechanisms cannot be moved from their current positions and 

the light path to the detectors is blocked, leaving the instrument 

inoperable. Nevertheless, project engineers at GSFC continue 

to look carefully at possible ways to service STIS during a 

potential Hubble servicing mission. 

» In response to the failure of STIS, we designed a detailed 

closeout plan describing activities needed for the completion 

of all calibrations necessary for the support of the STIS data 

available in the Hubble archive. 
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Hubble has proven time and time again just how valuable its pictures and information are! The entire world has seen its images and information and we have all looked 

ability to launch and recover our craft and people safely before venturing further in to space. Man’s curiosity should be tempered with concern for 

ful use of space technology to increase humanity’s understanding of how we came to be and where we came from. Save the Hubble. It’s the best thing 

Parallax measurements of astrophysically interesting objects at 

distances of up to 500 pc have been achieved with an accuracy 

that is routinely about 0.2 milliarcseconds or better. Recently, 

FGS1r was used to help settle the “Hipparcos discrepancy” for 

the distance to the Pleiades, the gold-standard cluster for 

modeling the zero-age main sequence. Objects currently under 

FGS investigation for a distance measurement include 

cataclysmic variables, planetary nebulas, Cepheids, Population II 

subgiants, and a neutrino-luminous hot white dwarf.

» In addition to being a superb astrometric instrument, 

FGS1r also provides observers with a means to interferometrically 

resolve binary systems with separations as small as 10 

milliseconds of arc, well below the diffraction limit of the 

telescope. Each observation provides the separation, position 

angle, and relative brightness of the binary’s components. This 

capability has been exploited to survey some of the most 

massive stars in the Galaxy. One such remarkable result was the 

discovery that HD 93129A is a double star (Figure 10). This 

object had served as the benchmark for the extremely rare O2 

spectral type on the premise of it being a single star. For 

systems with periods less than about 20 years, FGS observations 

over time, when combined with either astrometric measurements 

of nearby field stars or radial velocity data, can be used to 

determine a system’s orbital parameters, from which the 

component masses can be determined. Binaries under long-

term investigation for dynamical mass determinations include 

O stars, metal poor Population I stars, pre-main sequence stars, 

M stars near the brown dwarf mass limit, and white dwarfs.

Wide Field and Planetary Camera 2 (WFPC2)
Even after the installation of ACS, the WFPC2 continues to be 

used for a number of specialized ultraviolet and optical imaging 

applications. These include continuations of astrometric 

monitoring programs, ultraviolet imaging programs over wide 

fields (for which WFPC2 is especially suitable), programs that 

are uniquely suited to the extensive WFPC2 narrow-band filter 

set, and parallel observing programs.

» To support the ongoing WFPC2 observations, we are main-

taining a baseline of instrument calibration and characterization 

programs. This includes the creation of bias images, dark 

images, and hot pixel lists. It also entails monitoring internal 

flat-field images, photometric sensitivity, and charge transfer 

efficiency losses.

» In addition to routine calibration programs, we are 

actively pursuing special closeout projects for WFPC2, to 

enhance the scientific value of all WFPC2 data in the Hubble 

archive. For example, we have delivered new geometric distor-

tion solutions for WFPC2 to the Hubble reference file database. 

These solutions contain both filter-dependent terms and time-

dependent terms. The latter reflect the small spatial drift 

between the four WFPC2 chips that has been inferred from on-

orbit data. The reference files can be used with the new MULTI-

DRIZZLE software to co-add, combine, and mosaic WFPC2 data.

» We also examined WFPC2 zero-points obtained through 

several approaches and by different groups. From this we 

concluded that the absolute uncertainty of WFPC2 zero-points 

is currently between 0.02 and 0.04 magnitudes, with some 

dependence on the filter. Since Poisson statistics would have 

allowed an accuracy of better than one percent, it is evident 

that systematic terms still dominate the WFPC2 absolute 

magnitude calibration.

» The new WFPC2 Instrument Handbook, which was 

released for Cycle 14, documents our evolving understanding of 

the calibration of the WFPC2.

Fine Guidance Sensors (FGS)
The FGS1r provides Hubble observers access to state-of-the-art 

astrometric measurements over angles as large as 15 arcminutes. 



in wonder at what is beyond us, around us, ahead of us. ”  »  “We cannot progress without risk.”  »  “Hubble is a necessity to test and prove our 

safety whenever possible.”  »  “The Hubble Space Telescope IS America; it is one of the greatest symbols of America that I can see. It is the peace-

we’ve done in outer space.”  »  “I relish in the facinating images that Hubble produces. They allow me to dream of space and its many miracles.”  »  “Hubble has  

Stimulate the use of Hubble data
The Institute provides the astronomy community with easy 

access to the entire suite of Hubble data. After an observation, 

we process, calibrate, and archive new observational data 

promptly. Also, we make all non-proprietary science data 

available to the public.

» By the end of 2004, the total amount of Hubble data 

archived since launch amounted to the equivalent of 22.2 

terabytes from 640,000 observations. On average we ingested 

98 gigabytes of new data per week, while delivering more than 

340 gigabytes per week in response to user requests. Both the 

number of observations and data volume ingested into the 

archive continued at the high level reached after the installation 

of ACS in March 2002 (Figures 11 and 12). The average data 

retrieval rate was equal to that in 2003, which was 30 percent 

higher than in 2002 and more than 2.5 times higher than the 

2001 retrieval rate (Figure 13). This dramatic rise is due mainly 

to the increasing availability of non-proprietary ACS images 

starting in mid-2003 and reflects continuing growth in the 

community’s use of the Hubble archive. We delivered a record 

number of datasets in 2004, but were able to reduce the volume 

of transferred data by giving our users more flexibility in 

choosing which data files they wanted. Since most data are 

transferred via the Internet, this resulted in noticeably faster 

deliveries.

» Figure 12 illustrates the increase in the volume of Hubble 

data stored in the archive from 1995 through 2004. Note the 

dramatic increase after installation of the ACS on Servicing 

Mission 3B in March 2002.

» Figure 13 illustrates the average daily volume of both 

data retrieval and ingest. The ingest rate is steady since 

Servicing Mission 3B (though with a slight dip in mid-year due 

to the failure of STIS), but the number of retrievals continues 

to increase as the quantity of public ACS data grows.

» We aim to satisfy user requests for science data within 24 

hours, including both the time for On-The-Fly Reprocessing 

(OTFR) of the data and the time to transfer the resulting 

calibrated data products over the Internet to the user’s 

computer. The archive performance in 2004 was outstanding, 
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revolutionized our knowledge of astrophysics as well as our attitudes toward ourselves and Earth.”  »  “I am a 5th grader Oregon,Ohio. We have been studying space. We 

please help us by sending some info on where to send the money we collect. Thanks.”  »  “Hubble is here and now and keeps people connected to 

& maintenance...in my opinion, the Hubble is one of the finest, most inspiring and important accomplishments of mankind.”  »  “The Hubble has  

with the problems encountered in 2003 having been completely 

solved through a combination of new hardware and new 

software systems for both data ingest and distribution. 

» Figure 14 illustrates the median time (hours) to satisfy 

archive requests for each week in 2004. The dark blue line is for 

OTFR requests (includes most Hubble data), the dotted line for 

non-OTFR requests (where the files from the archive are directly 

transferred to the user), and the light-blue line for all requests. 

The performance was uniformly excellent for the year, with 

weekly retrieval times below an hour being common. This is 

true in spite of a substantial enhancement to the ACS calibration 

pipeline with the addition in August 2004 of the MULTIDRIZZLE 

software, which requires more computing but produces superior, 

science-ready data products.

» The Hubble data archive is now delivering far more data 

than in the past, with each dataset subject to more sophisticated 

calibration and processing, and yet the system is more reliable 

from top to bottom and has a greater performance margin than 

ever before. Our current system is a solid basis in both hardware 

and software for the support of the archive into the future.

» We are continuing to support the Digitized Sky Survey 

(DSS) project. All of the major photographic sky surveys were 

digitized and the data are available online through the archive. 

The DSS provides all-sky optical images in blue, red, and near-

infrared through both a web-based interface and Virtual 

Observatory-compatible web services. The DSS continues to be 

one of the most popular resources for modern observational 

astronomy, with more than 100,000 image retrievals per month 

from the Hubble archive and the other major data centers. 

» In 2004, we continued to work on the Guide Star Catalog 

(GSC-II), which is based on the digitized DSS images. GSC-II 

will eventually become the new reference catalog for Hubble 

operations and forms the basis for the future James Webb 
Space Telescope guide star catalog. We completed another 

major release (GSC 2.3.1) in August 2004, which includes 

almost a billion objects to the magnitude limits of the plates, 

in multiple colors and with proper motions. This catalog 

significantly improves the absolute astrometric precision of the 

GSC and ties it to the International Celestial Reference Frame. 

The production of the GSC-II has been an international 

collaboration, and many other missions and ground-based 

telescopes are using it.

Provide user support
In 2004, we improved our infrastructure for helping users make 

best use of Hubble data and opportunities to observe with 

Hubble. These improvements include additions to the Hubble 

web pages, improved software for developing proposals, and 

enhancements to the data analysis environment.

» As in previous cycles, we conducted user surveys 

immediately after both the Phase I and Phase II proposal 

deadlines. The number of issues brought out by the surveys was 

reduced, and most importantly, the number of significant con-

cerns was almost zero. We did implement several minor changes 

based on user requests, such as a target coordinate resolver.

» One major concern was that some users had difficulty 

communicating with the Institute from within the Astronomer’s 

Proposal Tool (APT) due to local firewalls, which impacts 

retrieving address information, accessing the help files, and 

submitting the proposal. To address this concern, we have put 

workarounds directly into APT to make it easy for users to 

implement them. We also contacted all previous users who had 

firewall problems and asked them to test our new procedures. 

All participants in this test reported that their firewall problems 

had been alleviated.

» To support upcoming two-gyro operations, we modified 

the Phase I version of APT to allow users to input two-gyro 



found out the Hubble Space Telescope would be shut down. Our school would like to donate money to keep the telescope up and working. If you could 

the whole effort of space exploration. Thank you for your brilliant work all this time!”  »  “Please don’t let the Hubble disintegrate for lack of repairs 

inspired an entire new generation of young people and their healthy curiosity in the sciences.”  »  “Hubble is giving us an important view of the universe. It’s not just 
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information, such as orbit requests and scheduling requirements. 

Since scheduling observations in two-gyro mode is more restric-

tive than in three-gyro mode, we also provided a tool to allow 

users to check the schedulability of their proposed observations. 

» To educate the users about two-gyro operations, we have 

produced a web page which has both high-level summary 

information (including a narrated movie), as well as a detailed 

two-gyro mode handbook. This web page is a “living” page, and 

will be updated following major two-gyro events, such as the 

February 2005 on-orbit test.

» In 2004 we had two releases of the SPACE TELESCOPE SCIENCE 

DATA ANALYSIS SYSTEM (STSDAS). The first, in February, delivered 

the prototype MULTIDRIZZLE software to users. In November, we 

released STSDAS/Tables 3.3 and stsci_python 2.0, including 

the redesigned MULTIDRIZZLE, which is now part of the standard 

data processing pipeline for ACS data. The version that we 

delivered in STSDAS includes the ability to process WFPC2, STIS, 

and NICMOS data as well as ACS.

» We reorganized the packaging of our STSDAS/Tables tasks 

and PYTHON tasks that only run under PYRAF; PYRAF and other 

PYTHON software was packaged into the STSCI_PYTHON package, 

which can be installed either for use with STSDAS or as a 

standalone package. We now implement nightly builds and 

regular regression tests on all three major platforms, so that 

many problems are discovered and fixed before a major release.

» Our PYTHON infrastructure work gained critical mass in 

2004 as we released NUMARRAY 1.0 and closed in on PYFITS 1.0. 

We settled on a 2-D plotting package to support our PYTHON 

efforts; MATPLOTLIB fulfills most of our graphics needs, and we are 

actively contributing to this project. SPECVIEW, our Java-based 

spectral plotting tool, reached version 2.10; the latest version 

includes the ability to read and write Virtual Observatory-

compatible spectral data.

Prepare for future science instruments
The Institute develops both and post-observation components 

of the ground system for new Hubble instruments, drawing on 

our experience and capabilities from previous instruments. In 

2004, we prepared for two instruments that hopefully will be 

installed in a future servicing mission: the Cosmic Origins 

Spectrograph (COS) and the Wide Field Camera 3 (WFC3).

Cosmic Origins Spectrograph (COS)
The COS instrument development and testing was completed 

during 2004 and the instrument was delivered by the contractor 

to the GSFC (Figures 15 to 17). The Institute continued its close 

collaboration with the COS instrument team, especially in the 

areas of test analysis, data archiving, and technical docu-

mentation. We worked with the team to perform detailed 

analysis of mechanism stability testing and jointly developed 

operational concepts to address instrumental performance 

characteristics, which were characterized in environmental 

testing. Based upon these concepts, the Institute began planning 

updates to the scheduling system and pipeline processing. 

» The Institute supported post-delivery functional testing 

of COS at GSFC and continued to archive calibration test data in 

the Hubble archive. 

» We completed, reviewed, and implemented data product 

header keyword definitions. The COS team prepared, reviewed, 

and delivered a variety of technical documents that describe tech-

nical detail, operational characteristics, and pipeline products. 

» Most of the present Hubble targets for ultraviolet spectro-

scopic flux calibration are too bright for COS. The COS team 

performed detailed analysis of new Hubble observations that 

will lead to a set of accurate calibration targets that are suitable 

for use with COS. 

Wide Field Camera 3 (WFC3)
The Wide Field Camera 3 (WFC3) project had an exciting  

year marked by technical advances but overshadowed by the 

uncertainties surrounding the next servicing mission. The high-

light of 2004 was the system-level thermal vacuum test of 

WFC3. Performed inside GSFC’s 25-foot diameter Space 

Environment Simulator, this nearly two month-long test was 

supported around the clock by Institute scientists, engineers, 

and data analysts. The major accomplishments of this test 

included the first demonstration of the operation of the infrared 

channel, the validation of WFC3’s thermal performance, and the 



successful operation of the instrument (and team) for a 

sustained period. We have also demonstrated the ability of the 

Institute ground system to process and archive a sizable 

quantity of WFC3 data.

» The thermal vacuum test and preceding ambient tests of 

WFC3’s ultraviolet-visible channel served to verify the majority 

of the instruments requirements. In light of the decision to 

cancel shuttle servicing of Hubble, the WFC3 project was 

directed to proceed to a minimal thermal vacuum test, which 

characterized the instrument’s performance but did not fully 

validate it for flight. As is expected during initial testing, we 

also discovered some aspects that need improvement prior to 

flight. For example, several of the filters (mainly in the 

ultraviolet) exhibit unexpectedly high levels of ghost features. 

These have now been fully characterized and prototype 

replacement filters constructed.

» The Institute provides most of the scientists for the WFC3 

team. They provide science leadership, analyze instrument 

performance, guide the development of the ground system 

elements required for testing and operation, and support 

instrument testing. The Institute directly supports the WFC3 

hardware development in three areas. We support the optics 

alignment and testing activities as the primary evaluators of 

image quality and leadership of the optics test activities. We 

lead the instrument ground calibration and science-level 

testing with Institute system engineers and scientists who 

developed formal test plans, led the science team in developing 

instrument and stimulus scripts, and conducted the science 

management of the ambient and thermal vacuum tests. Finally, 

we continue to provide management and analysis support for 

infrared detector development, instrument thermal control, 

calibration lamp performance, electronics troubleshooting, and 

detector optical alignment. We interface with the astronomical 

community through the WFC3 Science Oversight Committee, 

which met twice at the Institute during 2004, and by pre-

sentations at meetings of the American Astronomical Society 

and the Society of Photo-Optical Instrumentation Engineers.

FIG 15:  The COS instrument undergoing inspection in clean room at 
GSFC after its arrival from Ball Aerospace.

FIG 16:  The COS instrument stored in GSFC clean room during semi-
annual functional and calibration testing.

FIG 17:  The COS instrument being packaged for long-term storage in 
clean room at GSFC.

pretty pictures, it is also scientific exploration.  »  “The Hubble Space Telescope has been in orbit since 1990, and during that time, it has solved some of the great  

force in the cosmos—called dark energy—that permeates space and could determine the fate of the universe.”  »  “Undoubtly the Hubble space 

can only be understood within the soul of the imagination. Our place in the Universe, though humble it may be, is enlivened with Hubble’s discoveries 
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Develop the best possible  
James Webb Space Telescope
Webb is the Institute’s future as Hubble is our present. We will help develop—then operate—the 
best Webb possible, with full inheritance of Hubble lessons-learned and full engagement of the 
community in its development.

2
The James Webb Space Telescope is the ‘First Light Machine,’ an 

observatory that can peer back into the era when the first stars, 

galaxies, and massive black holes were formed. Since 1996, 

the Institute and the Goddard Space Flight Center have been 

partners in defining this mission according to its scientific 

promise and the details of achieving it. 

» In 2001, NASA, the Institute, and the scientific community 

set performance goals that led to the basic design features of 

the observatory. To see supernovae at redshift z ~ 8, an epoch 

less than one billion years after the Big Bang, Webb must have 

a high quality, large diameter mirror (> 6 meters). To detect 

the rare, faint star clusters or small quasi-stellar objects when 

the first generations of stars were forming, at z > 10, the main 

Webb camera must have a large field of view (~10 square arc 

minutes). To see the weak gravitational distortion of galaxy 

images in order to measure the total masses of galaxies and 

clusters at z = 1 to 3, the time of peak star formation, the 

telescope must be stable for many days. To achieve this stability, 

the telescope must have a large, multi-layered sunshade to 

provide a million-fold rejection of solar heating. 

» At the Institute, the Science and Operations Center (S&OC) 

will take advantage of Hubble tools and experience as well 

as Webb’s favorable orbit at the second Sun-Earth Lagrange 

point (L2) to provide the community with efficient use of the 

observatory for an affordable cost. 

» In 2002, NASA completed its selection of development 

partners to join the Institute in the design and implementation 

of Webb and the S&OC. Northrop Grumman Space Technologies 

(NGST) is the prime contractor, and Ball Aerospace and other 

firms are subcontractors. This team will construct and test the 

telescope, sunshade, and avionics. NASA retains oversight 

responsibility for the development and assembly of the three 

science instruments with their supporting electronics and 

computer needs. The University of Arizona will provide the Near 

Infrared Camera (NIRCam), which will produce the deepest 

images of the universe and be capable of detecting the birth 

of the earliest galaxies and star clusters. The European Space 

Agency (ESA) will provide the Near Infrared Spectrograph 

(NIRSpec), a multi-aperture spectrograph capable of observing 

over 100 galaxies or stars at one time. The U.S. and Europe will 

collaborate on the construction of the Mid-Infrared Instrument 

(MIRI), a camera and spectrograph operating in the 5 to 27 

micron wavelength range. The Canadian Space Agency (CSA) 

will contribute the fine guidance system (FGS), which will 

maintain Hubble-quality pointing using faint infrared stars 

selected from the most recent version of the Institute’s Guide 

Star Catalog. This system will also have a tunable-filter infrared 

camera capable of spectral resolutions λ/dλ = 50 to 100 for λ 

= 1 to 5 micron.

mysteries of astronomy, and discovered new ones. Astronomers used Hubble to determine the age of the universe. They also discovered a mysterious 

telescope is one of humanities greatest achievements in the exploration of space.”  »  “It is a view of immensity so grand as to defy description and 

conveyed in the form of pictures.”  »  “There’s just no way to tell you all what a wonderful job you do for science and the furthering of interest in astronomy. You may 



not realize the impact of what you do, but I can assure you that it is the forefront of all the public education we conduct here at the Denver Astronomical Society—not 

we can to help keep Hubble flying and your wonderful work recognized, not only by the scientific community, but the public-at-large who so admire 

viewing breathtaking footages! Hubble is worth every tax-penny we pay! I say keep Hubble in space for good. As a result of Hubble, discoveries by the 

» The Institute is responsible for developing and operating 

the S&OC. We also support NASA and its partners in developing 

and commissioning operations-friendly systems. The scope of 

S&OC operations is substantially the same as the work that the 

Institute has been performing for Hubble. The Institute will 

solicit proposals from the international astronomy community, 

manage the peer review and selection of proposals, assist the 

planning of Webb observations, schedule the observations, 

perform flight operations and the communication with Webb, 

and receive and archive science data. The Webb archive will 

be based on the Hubble archive and will provide on-the-fly 

calibration of data as users request them. The Institute will 

also conduct outreach programs to the astronomy community 

and the public.

» In September 2003, after meeting several major 

technical and financial goals, the Webb Project moved into 

Phase B (detailed design). On the technical front, the Webb 

team selected the technologies and vendors for the two key 

components in the observatory: the detectors and the primary 

mirror. 

» NIRCam team selected Rockwell Scientific as the vendor 

of the 2k x 2k infrared detectors that are the heart of the 

camera. These detectors, based on HgCdTe technology, have 

exceptional performance at a somewhat higher temperature 

than the InSb technology, which simplifies the thermal design 

of the observatory. Rockwell Scientific also will provide 2k x 

2k detectors for the ESA spectrometer and the CSA FGS and 

tunable filter camera. The Independent Detector Testing 

Laboratory, which is a collaboration between the Institute  

and The Johns Hopkins University, played a major role in the 

detector selection. 

» NASA and NGST selected the team of four companies, 

Ball Aerospace, Brush Wellman, Tinsley, and Axsys to produce 

the 18 ultra-lightweight mirror segments. The segments are 

machined from large beryllium (Be) blanks, polished at room 

temperature, and cycled to their operating range (30 K to 50 K) 

to map any residual cryogenic distortions. While this process 

is more expensive than polishing ultra-low expansion (ULE) 

glass, the very low expansion coefficient of Be at cryogenic 

temperatures guarantees that the segments will perform over a 

broad temperature range. The greatest challenge on the mirror 

segments was financial. Available funding in the early years 

was insufficient to meet a 2010 launch date. As a result, NASA 

reduced the primary mirror diameter from 7.0 to 6.5 meters 

and postponed the launch date until August 2011. Although 

the choice of a smaller mirror reduced the overall sensitivity of 

Webb by 20%, NASA maintained the key scientific capabilities 

of the observatory.

» In 2004, the Project and the Institute met several critical 

engineering and technical milestones. The Project passed its 

Mission Systems Requirements Review (SRR) and a series of 

lower level requirements reviews, including for the observatory 

(optics and spacecraft functions), the Integrated Science 

Instrument Module, and the ground segment (communications, 

orbit navigation, and the S&OC). In turn, most of the sub-

elements (e.g., optics, science instruments, S&OC) passed 

similar SRRs. The Institute developed and presented the 

operations concept documents for the Webb mission, the 

science instruments, and S&OC. The preliminary design reviews 

(PDRs) for the Webb mission and its components will be the 

next major step in Phase B. For the S&OC, the PDR will occur in 

2007 and will benefit from the added maturity of the science 

instruments and observatory designs. 

» In July 2004, the Institute delivered the first software 

package for the S&OC: the prototype Project Reference Database 

(PRD) tools. NASA will distribute the PRD tools and NASA’s 

test systems to NGST and the instrument developers. The PRD 

itself will be the central repository of verified commands for 

operating the spacecraft and the science instruments as well as 

other critical spacecraft parameters used by flight and ground 

software. The Institute continues to improve the PRD tools to 

accept new data-types and provide the central PRD management 

functions for reviewing, archiving, and distributing testing 

and operational databases as the observatory and science 

instruments are developed and tested. 



a session goes by when we don’t mention, promote, extoll and rave about all that has come from you and Hubble. Please know that we’re doing all 

your efforts and results. Keep the faith.”  »  “In viewing the decade video, tears welled up in both my eyes, my soul filling with emotion, all while 

thousands became reality within the last 13 years. I thank each & every one of you who work with the Hubble project! Keep searching, keep exploring, more keys are 

ac
h

ie
ve

m
en

ts
71

» The analytic work, design effort, and project reviews of 

2004 revealed some of the hidden complexities of the Webb 

mission. As an example, the Institute found that careful 

crafting of the Webb observation plans may be necessary to 

conserve fuel for the ten-year mission lifetime by avoiding 

frequent momentum dumps. The newly understood need is 

caused by solar radiation impinging on the large sunshade, 

which will create significant torques on Webb, depending on its 

orientation with respect to the sun. Rotating “reaction wheels” 

within the spacecraft must counter these torques in order to 

maintain steady pointing. For Hubble, gravity and atmospheric 

drag cause corresponding torques, much stronger than those for 

Webb, which reaction wheels also cancel. This scheme demands 

a way to off-load the momentum that builds up in the reaction 

wheels. Hubble does this by using electromagnets to interact 

with the Earth’s magnetic field. Webb must use gas jets, which 

can also change its orbit. Both to conserve fuel for the ten-year 

mission lifetime and to avoid disrupting Webb’s orbit about L2 

significantly, we are studying a smarter momentum management 

plan: choosing science observations for the schedule in such 

a way that their build-ups of momentum cancel. NASA, NGST, 

and the Institute are working with better knowledge of the 

observatory design, the available fuel, the characteristics of 

the expected science observations, and L2 orbit planning to 

achieve a comprehensive plan for managing the build-up of 

angular momentum and maintaining the Webb orbit without 

imposing undue constraints on the science program. 

» Throughout 2004, the Institute supported the Webb 

Project in public outreach. The Webb exhibit at the winter 

American Astronomical Society meeting has encouraged 

hundreds of interested astronomers to learn about the Webb 

science mission and the new technologies that enable it. The 

public-oriented website (http://jwstsite.stsci.edu) and the 

astronomer-oriented website (http://www.stsci.edu/jwst/) 

describe the mission’s scientific goals, the Webb architecture, 

the capabilities of the science instruments, and members of the 

science working group. 

http://jwstsite.stsci.edu
http://www.stsci.edu/jwst/


right before your very eyes.”  »  “The Hubble Space Telescope is a national treasure.”  »  “Having a man on the moon — or Mars — is no substitute for the reach of the 

Telescope and my father has got me lots of information from the internet on Hubble.”  »  “HST has delivered outstanding science in a chain of activity 

successful optical telescope of all time. Probably the most famous, too — the first celebrity scope. And it’s one of the most successful space  

Operate a world-class data archive
We will continue to run the best astronomical data archive in the world, adding new data sets, providing  
new research tools, and collaborating with other data centers to provide an international astronomy  
data system.3

The Multimission Archive at Space Telescope (MAST) is one of 

the world’s best and most widely used data archives. It offers 

users convenient search and retrieval utilities for accessing 

data from 17 missions and surveys, including

» HST (Hubble Space Telescope)   

»  FUSE (Far Ultraviolet Spectroscopic Explorer)   

» GALEX (Galaxy Evolution Explorer)   

»  CHIPS (Cosmic Hot Interstellar Plasma Spectrometer)  

»  IUE (International Ultraviolet Explorer)   

» EUVE (Extreme Ultraviolet Explorer)   

» HUT (Hopkins Ultraviolet Telescope)   

»  WUPPE (Wisconsin Ultraviolet Photo-Polarimeter 
Experiment)   

» UIT (Ultraviolet Imaging Telescope)   

» Copernicus (the Copernicus satellite)   

»  ORFEUS (Orbiting Retrievable Far and Extreme  
Ultraviolet Spectrometers)   

»  BEFS (Berkeley Extreme and Far-UV Spectrometer)   

»  IMAPS (Interstellar Medium Absorption Profile 
Spectrograph)   

» TUES (Tübingen Echelle Spectrograph)   

» DSS (Digitized Sky Survey)   

» GSC (Guide Star Catalog)   

»  VLA-FIRST (Very Large Array-Faint Images of the  
Radio Sky at Twenty-centimeters)   

 Note that in addition to these, MAST will be the archive for the 

upcoming KEPLER mission. MAST also provides interfaces for the 

Sloan Digital Sky Survey (SDSS) and ROSAT (Röntgen Satellite), 

although the data for both those projects are stored elsewhere.

To keep MAST on the cutting edge, we strove in 2004 to 

improve the key functions of a modern archive. We ensured the 

preservation of astrophysical data into the indefinite future 

with reliable storage technologies. Our scientific and technical 

expertise guided the processing, re-analysis, and interpretation 

of the data holdings. We developed multimission analysis and 

support tools. We defined data, software, and access standards. 

We coordinated with other national and international data 

centers to enhance inter-archive communication.

» When investigating the physical processes in the formation 

and evolution of stars, galaxies, and large-scale structure, astron-

omers demand data from a wide range of the electromagnetic 

spectrum. The MAST holdings—ultraviolet, optical, and near-

infrared images and spectra—have become a key resource for 

such investigations worldwide.

» In 2004, the Institute improved the tools for navigating 

MAST. The web site was upgraded, making it significantly easier 

to find and retrieve data from all of our missions. The ability to 

cross-correlate and combine data from different missions was 

greatly enhanced with the addition of  “virtual observatory” tools, 

allowing joint searches on MAST holdings and the thousands of 

astronomical catalogs available through the VIZIER system. The 

results of all our searches can be plotted interactively within 



Hubble (billions of light years) and the knowledge it has produced.”  »  I am 10 years old and live in Bombay. I am very interested in the Hubble Space 

that is a backbone of the key current investigations in astronomy, and it has inspired a generation of students towards science.”  »  “It’s the most 

missions ever... In its 14 years aloft, Hubble has given us what it promised and much more. Each new batch of images spawns years of scientific research, amazing new 
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the web browser using the VOPLOT Java applet. The archive 

also added numerous new, fully reduced, high-level science 

data products, such as the Hubble Ultra Deep Field images and 

catalogs, Hubble and Far Ultraviolet Spectroscopic Explorer 
(FUSE) spectra of active galactic nuclei and quasars, the Wide 

Field and Planetary Camera 2 archival parallel images, new 

interfaces to the Great Observatories Origins Deep Survey data, 

and the extremely deep images created as a byproduct of a 

search for distant Kuiper Belt objects in our solar system.

» The Institute continued working with other data centers to 

define the data standards and models for the Virtual Observatory 

and enhanced both the web and STARVIEW archive interfaces 

to provide better links to other archives and catalogs. The 

resulting system both makes it much easier for other archives 

to use our data and allows us to take advantage of data stored 

elsewhere.

» We worked with our colleagues at other NASA data centers 

to improve the interoperability between all major astronomical 

data archives. We improved links between MAST data holdings 

and published scientific results by providing unique dataset 

identifiers to be included in astronomical publications, which 

specify exactly what data were used in the paper’s analysis. This 

improves the data links already available through MAST and 

NASA’s Astrophysics Data System so that researchers can trace 

scientific results from data to papers or from papers back to the 

original data. We also provide seamless access to data stored at 

other sites—even beyond the ultraviolet/optical/near-infrared 

range, but still relevant to interpreting our current holdings. 

These data sources include ROSAT (Röntgen Satellite), Chandra 
X-ray Observatory, and VLA-FIRST (Very Large Array–Faint 
Images of the Radio Sky at Twenty-One Centimeters). We 

began a collaborative project with the Infrared Processing and 

Analysis Facility (IPAC) to link MAST with infrared data from 

space and ground-based missions.

» MAST continues to archive the data for FUSE. In 2004, 

FUSE data were added to the MAST Scrapbook, a web tool that 

provides a convenient interface for browsing the archive.

» During 2004 the Galaxy Evolution Explorer (GALEX) 

mission completed its first year of operations, and in November 

2004 MAST opened the GALEX archive with the first major data 

releases of public GALEX data. GALEX is a NASA ultraviolet 

imaging and spectroscopic survey mission designed to map the 

global history and probe the causes of star formation over the 

redshift range 0 < z < 2. GALEX is the first mission to produce 

an all-sky ultraviolet survey. MAST hosts the GALEX data, and 

we developed state-of-the-art tools for handling its anticipated 

five terabytes of data.

» We prepared to receive the data from the Kepler mission, 

which is a Discovery Program mission designed to detect 

terrestrial planets around stars in the sun’s neighborhood. The 

Kepler instrument will detect transits by planets across the disk 

of the host star, enabling investigators to calculate the sizes of 

both the orbit and the planet from the period and depth of the 

transit, respectively. Kepler will monitor 100,000 stars for four 

years and produce approximately five terabytes of data. Kepler 
is scheduled for launch in 2007. 



knowledge of our origins and fate.”  »  “The hubble web site is extrodinary. Excellent and mind boggling videos and pictures are a true revelation of reality. I spend my 

like the Hubble Space Telescope is my own with access to these images.”  »  “My three year old son is interested in space. We visited a planetarium 

also wants to know what the part of the telescope is that “looks like a ball. I think it would have a big impact on him if we received an e-mail response. 

Stimulate education and  
public outreach
We will improve our education and public outreach programs for Hubble, extend them to Webb, and 
make them available to the whole astronomical community to ensure maximum benefit to the public 
from the research enterprise.

4
The Institute’s Office of Public Outreach (OPO) shares Hubble 
Space Telescope’s breathtaking images and discoveries 

with the public through diverse products and programs 

that inform and inspire. An OPO team of communication 

professionals from a range of disciplines—including web 

and multimedia programming, video production, graphics, 

animation, curriculum development, and science writing—join 

with research astronomers to provide the skills needed for 

developing products. To help achieve this Institute goal, OPO 

recently developed a five-year strategic plan and related 

implementation plan, putting in place a management process 

for achieving our mission to share scientific discoveries in ways 

that excite, inspire, challenge, and educate. 

» The year 2004 was exciting and productive for education 

and public outreach (E/PO) at the Institute, as well as 

presenting unique challenges related to the uncertainty 

surrounding Hubble servicing. While meeting these challenges, 

we continued to develop and refine a diverse portfolio of products 

and increased our presence in the space science education and 

outreach community. 

News & public information
In 2004, we continued to play a significant role in science 

communication and public understanding of science. The Insti-

tute’s News Program communicates the latest information 

about Hubble discoveries to the public via print, broadcast 

media, and Internet news sites. Besides reaching these 

traditional mass media outlets, the News Program provides 

Hubble images and intellectual content for textbooks, popular 

astronomy books, educational documentaries, and astronomy 

websites, and it is the major source of material for other OPO 

products. Our News Program is recognized as a leader in quality 

science communication and as a model for NASA space science 

missions and research institutions.

» We unveiled the Hubble Ultra Deep Field (HUDF) at the 

Institute during the Hubble Deep Surveys Science Writers’ 

Workshop. Pre-release media interest was substantial, and 

we capitalized on this and held our first major televised news 

workshop in ten years. This workshop established a new method 

for publicizing major Hubble discoveries. Key components of 

the event included a panel discussion, a wide range of interview 

opportunities, and a substantive press and video package. The 

workshop was carried live via webcast, and 24 journalists (from 

outlets including CNN, CBS’s 60 Minutes, the New York Times, 
Washington Post, Dallas Morning News, and Baltimore Sun) 

attended the workshop. Over 100 news stories appeared in 

television and print sources. According to a survey by NASA, the 

television stories achieved saturated news coverage, reaching 

an estimated audience of 50 million viewers.

» We pioneered yet another format for news dissemination 

during the year. We presented a novel news-reporter tele-

conference to highlight a major finding on the nature of dark 



Sunday morning intriged with the Hubble Space Telescope project.”  »  “Thanks for the wonderful astronomical images, they are appreciated. I feel 

this past summer. He has not stopped talking about planets, stars and the Hubble Telescope. He wants to know if it has a propeller and an engine. He 

Thanks in advance! Our son just loves anything that has to do with space.”  »  “I am stunned that I can sit in my living room and click a few buttons on a gismo I had no 
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energy. Under the banner “New Clues About the Nature of Dark 

Energy: Einstein May Have Been Right After All,” Institute 

astronomer Adam Riess and 30 science journalists held a 

press conference via teleconference with supporting materials 

available on a website. This experiment in virtual conferencing 

was highly successful and resulted in news stories appearing  

in dozens of television and print outlets, including the New York 
Times, Washington Post, Baltimore Sun, Reuters, Associated 

Press, and USA Today. The resulting media coverage was  

fully comparable to a typical televised Space Science Update 

from NASA Headquarters, while the preparations were 

considerably less time consuming. As a result, NASA has 

subsequently adopted this new format for a variety of other 

space science releases. 

» During the year, the News Program produced a total of 40 

press and photo releases, including 16 with video components. 

Television and web media outlets often use these video releases 

in their coverage without further alteration. NASA’s latest 

Science News metric study found that Hubble continues to lead 

all other NASA science programs in news coverage, as it has for 

many years. A more recent Lexis-Nexis survey of news stories 

on space science found, not surprisingly, that the timely Mars 
Exploration Rover and Cassini/Huygens operations created the 

largest number of news stories in 2004. Nevertheless, Hubble 

exceeds all other NASA Great Observatories and Explorer 

projects in news coverage by a very large margin, even after 

almost 15 years of observations.

» The News Program also supports NASA Headquarters in 

education and public outreach activities for programs other 

than Hubble. For example, in the past year we participated 

at NASA's request in production of Space Science Updates for 

results from Chandra and ground-based extrasolar planetary 

observations. Finally, we handled hundreds of media queries 

and visits following NASA’s announcement of the cancellation 

of Servicing Mission 4. We responded to these requests with 

appropriate information, while carefully coordinating our media 

response strategy with NASA. The result was wide and balanced 

coverage on a complex topic of tremendous public interest.

Formal education
The Institute’s Formal Education Program develops online 

and hard copy curriculum-support products for the K–12 

education community. A rigorous evaluation program and strict 

compliance with national educational standards ensure the 

success of these products. 

» The flagship Amazing Space web product continues 

to play a dominant role in the Institute’s Formal Education 

work. Systematic estimates indicate that this material directly 

or indirectly reaches 400,000 teachers and almost 5 million 

students.  In the Colleagues and Developers section of Amazing 
Space, we have made available a series of monographs on 

experiments and programs conducted by OPO, as well as 

“pack-and-go” presentations on the science content and the 

development process for products. 

» Amazing Space also hosts The Star Witness, a child-

oriented section that highlights recent Hubble discoveries. 

The section contains a series of news articles written for the 

upper elementary level. Each article includes Hubble images, 

discussion questions and answers, labeled illustrations, and a 

glossary of scientific terms. In 2004, we added three articles: 

“The Red Planet Up Close and Personal,” “Closing in on Saturn’s 

Rings,” and “No Spring Picnic on Neptune.”

» The Amazing Space website received three national 

awards in 2004. It was chosen for the prestigious Eisenhower 

National Clearinghouse (ENC) Digital Dozen Award, which 

identifies exemplary websites for K–12 math/science educators. 

In the past seven years, we have won this award on three 

different occasions. The Exploratorium, a museum of science, 

art, and human perception located in San Francisco, selected 

the Amazing Space website as one of their “10 cool astronomy 

award sites” for March/April 2004. In describing Amazing 
Space, the award pointed out that students can use these web-

based activities not simply to learn astronomy, but to train to 

be a scientist and much more. Griffith Observatory selected 

Amazing Space for a second time as the winner of the Star 

Award, established to recognize excellence in websites that 

promote public awareness of astronomy. 



idea would ever be a reality and see actual photographs of the planets and star systems surrounding us. Thank you very very much.”  »  “I love it. It’s marvellous to see 

»  “These priceless pictures must be worth billions. I am stunned by these photos. They are staggering, incredible.....over-whelming.  I look at these 

pictures and the clarity of them. Many of us never really understand the universe or the density of these “heavenly bodies” we call stars. I can’t thank 

» In 2004, the E/PO Grant Program staff continued to 

administer the IDEAS and Hubble Cycle E/PO grants using our 

well-established processes. The newly designed, user-friendly 

online cover page is the first step in making grant forms 

consistent and easily accessible. We are pleased that other 

NASA Great Observatories are now offering similar programs 

to those pioneered by the Institute’s IDEAS and Cycle E/PO 

programs.

» The Formal Education group coordinated numerous 

community-related programs on local, state, and national 

levels. These included ongoing collaborations or one-time 

events with the Maryland Science Center, Villa Julie College, 

Harford County YMCA, the Presidential Awards for Excellence, 

NASA Explorer Schools Workshops, NASA's Goddard Space Flight 

Center Open House, and Maryland Congressman B. Cardin’s Town 

Hall meeting.

Informal science education
The Institute’s Informal Science Education Program assists 

museums, science centers, and planetariums to showcase 

and explain Hubble discoveries and images. We offer science-

content review and consultation to informal science education 

organizations that are developing exhibitions and programs.

» A major component of our program is ViewSpace, a unique 

multimedia product for large-screen video display in museums 

and planetariums. The content is also available on CD-ROM, as 

well as via the Internet, as ViewSpace Online. Using colorful 

images, digital movie clips, and simple language in captions, 

ViewSpace tells science stories. If Internet access is available 

at the site, the content may be upgraded as frequently as daily 

and completely autonomously, leading to a uniquely timely 

astronomy education resource. In 2004, ViewSpace greatly 

expanded its content, delivery media, and especially its number 

of venues. More than two dozen new sites nationwide joined as 

users, and international use is also beginning.

» In recognition of the very large audience we have 

achieved, we have chosen to provide ViewSpace content 

considerably broader than simply Hubble-related research. For 

example, for several months prior to the Mars Exploration Rover 
landings, ViewSpace featured a series of mission updates mixed 

into the regular programming. Upon landing, and for about 

eight weeks thereafter, we pre-empted the normal ViewSpace 

programming mix to feature exclusive coverage of Mars. This 

coverage included frequent transmission of Mars Exploration 
Rover updates featuring the latest images from the Rovers. 
During the heaviest periods, we updated these several times 

a day. Also in the mix were several contextual segments about 

the lore and lure of the red planet and the technical workings 

of the Rovers. Similarly, beginning several months prior to the 

arrival of Cassini-Huygens at Saturn, we began transmitting 

Cassini-Huygens updates to all ViewSpace Internet players. 

These updates featured the latest images and information from 

the mission.

» With the support of the IMAX Corporation, we developed 

the short film Hubble: Galaxies across Space & Time, in a very 

large-screen format. Designed for use as a “bonus” short before 

a regular IMAX main feature, the film features a fantastic flight 

through a field of galaxies as imaged by Hubble as part of 

the Great Observatories Origins Deep Survey project. We are 

particularly proud that the film was awarded Best Short Feature 

at the 2004 Large Format Cinema Association conference. Initial 

bookings were at the Maryland Science Center, New Detroit 

Science Center, and Reuben H. Fleet Space & Science Center.

» We developed HubbleSource 2004, a video DVD, which 

contains a collection of narrated video mini-documentaries, 

short videos for kiosk use, and silent video animation clips for use 

in exhibits and shows. The disk is fully tested for compatibility 

with popular planetarium media control systems and has been 

distributed to hundreds of informal science education venues. 

We anticipate annual revisions of this already popular product. 

» We collaborated with the Midland Center for the Arts 

of Midland, MI, to produce Heavens Above: Images of the 
Universe from the Hubble Space Telescope. This show is a low-

cost traveling exhibition featuring breathtaking images of the 

universe presented as large-formatted, captioned transparencies 

mounted in light boxes. The images survey a range of visible-



light astronomy from the solar system to stellar evolution, to 

the farthest reaches of space and time. Also included in the 

exhibition is a plasma display panel featuring ViewSpace. The 

show appeared in five separate venues in 2004.

Online outreach
Our Online Outreach Program provides a suite of resources to 

deliver scientific results to the general public over the Internet. 

Our premier online site, HubbleSite, receives tens of millions 

of visitors and several billion hits annually. To place these 

values in perspective with respect to other national science 

education venues, the New York Times has 1.1 million readers, 

the National Air & Space Museum—the most visited museum 

in the world—has a monthly attendance of 765,000, and the 

Adler Planetarium of Chicago typically receives 35,000 visitors 

monthly.

» There is no obvious end in sight to the growth of our web 

presence. For example, the Ultra Deep Field (UDF) press release 

produced a major demand on HubbleSite due to the number of 

web users who were retrieving the images and reading the 

release. In order to handle the increase in traffic, OPO 

established three external mirror sites to host the release 

located at NASA’s Goddard Space Flight Center, Kennedy Space 

Center, and Ames Research Center. During the seven-day period 

in March 2004 associated with this release, we received 56.5 

million hits, 4.9 million page views, and 1.7 million user sessions, 

and we served over 4 terabytes of data. At its peak, this traffic 

was comparable to those of the most visited web sites in the 

nation, such as CNN and Yahoo.

» The Online Outreach and Formal Education teams have 

worked with WPI, a corporate affiliate of Virginia Tech, to create 

the HubbleSite Survey Questionnaire. The goal of this survey is 

to categorize the audience of the website and provide insight 

into its interests. This information will be used to plan future 

development work on HubbleSite. The data collected from the 

survey reveals that the typical HubbleSite visitor is male, over 

the age of 40, and highly educated. Respondents visit the site 

at least once a month, and many visit several times in a week, 

indicating a high level of interest. They identify themselves as 

being very interested in space information and believe they 

have a high level of space-related knowledge. One of the major 

trends identified is that the typical visitor comes to HubbleSite 

to retrieve the latest image. The details of this survey have been 

published and will be shared with other interested parties.

» In 2004, HubbleSite was nominated for a prestigious Webby 

Award in the science category. Presented by The International 

Academy of Digital Arts and Sciences, the Webby Awards are 

the leading international honor for achievement in technology, 

creativity, and individual achievement. Other nominees in this 

category were BBC Science & Nature, the Exploratorium, How 
Stuff Works, and Edheads. The Exploratorium won in this category, 

but we were thrilled to be considered in this exceptional field  

of nominees.

» This year we expanded JWSTsite, the home for public 

information about the James Webb Space Telescope on the 

web. This update enhanced the Science section with new 

content and arranged the Instruments section into individual 

subsections. Additionally, a new section, Profiles, was added to 

the site. This section is expandable and consists of interviews 

of individuals working on the Webb project. The goal of this 

section is to highlight the people and the work that goes on 

behind the scenes of a major NASA project like Webb.

» We added a new section to HubbleSite to post information 

about the Hubble Space Telescope and details concerning 

the cancellation of SM4. Even a cursory examination of the 

media shows that this subject has become a dominant one in 

the public science policy arena. The Institute receives a very 

large number of inquiries on the topic, ranging from amateur 

astronomers to teachers and school children. The new section, 

Hubble’s Future, contains the answers to some of the most 

frequently asked questions we have received via email.

Origins Education Forum
The Institute hosts the Origins Education Forum, a part of the 

NASA Office of Space Science Education and Public Outreach 

support network. In this capacity, we help NASA missions 
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all the images of things we’d never be able to see by ourselves in any other place in the world. To be able to access the Hubble images is a privilege!”  

and wish everyone could be so awestruck, could see our existence from this perspective. I am amazed and grateful.”  »  “I'm truly amazed with the 

you enough for this website and will share it among friends who enjoy this.”  »  “I just want to thank you for making these magnificent images available for the general 



public to view. I am in awe of the universe and its beauty. As an artist, I am inspired by your images, and am working on series of paintings about what I imagine the 

words to explain how much i enjoy them. I share them with all my friends. I think space exploration and the work NASA is doing is absolutely necessary 

research of our group on particle physics and cosmology and we would like to use some of the Hubble pictures in this site. Please let us know if this 

communicate with each other and coordinate outreach 

activities. Also, we provide unique services to enhance the 

value of mission outreach efforts. For example, we capture 

and disseminate lessons learned by NASA and the missions on 

developing and disseminating educational products, provide 

program- and product-evaluation services, and coordinate 

exhibits, staffing, schedule, and material dissemination at 

numerous conferences. 

» We helped the Pacific Science Center (PSC) in Seattle and 

WGBH Public Television in Boston to develop their outreach 

programs for the Public Broadcasting System’s “Origins” 
series on NOVA, which aired in September 2004. The Origins 

Education Forum hosted a workshop for the PSC’s national 

outreach program, which was attended by staff from ten 

selected partner museums and their local community partners. 

We provided science talks, an overview of the Origins program, 

E/PO resources, and contact information to the participants. 

We also provided each museum with hardware and software 

to allow them to broadcast our specially developed ViewSpace 

segment on the search for other worlds. We built a relationship 

with WGBH to incorporate mission content and expertise into 

their educator’s guide and the public website that accompanies 

the series.

» To respond to a recommendation from NASA’s Space 

Science Advisory Committee (SScAC) E/PO Task Force that OSS 

provide coherence in its educational offerings, we continued 

our partnership with the Lawrence Hall of Science (LHS) to 

support the development of a Great Explorations in Math and 

Science (GEMS) Space Science Core Curriculum Sequence. The 

Sun-Earth Connection and Solar System Exploration Forums 

are also involved in this effort. The GEMS Sequence will  

weave together individual space science activities into a 

coherent sequence of materials for grades 3–5 and 6–8 to 

provide one pathway through the framework recommended by 

the Task Force. 

» We partnered with the Astronomical Society of the 

Pacific (ASP), the JPL Navigator Program, and the Structure 

and Evolution of the Universe Forum to support the Night Sky 

Network (NSN). The NSN provides outreach toolkits, training, 

and a web-based infrastructure for use by amateur astronomers 

to teach basic astronomy concepts to the public. The NSN is 

based on substantial research into the needs of this community. 

Since the NSN began operation in late 2003, over 100 astronomy 

clubs from 45 states have applied for membership. As a result 

of the partnership, Origins products have been integrated into 

a new outreach toolkit released to club members in September 

2004.

» We supported NASA’s Southeast Regional Clearinghouse 

Broker/Facilitator’s efforts to bring space science to students 

with special needs. We coordinated distribution of mission 

materials for three workshops and conferences, supported a 

National Science Teachers Association workshop, and arranged 

for a booth at the Council for Exceptional Children Convention 

& Expo. The Council is the largest international professional 

organization dedicated to improving educational outcomes for 

students with special needs.



outside-universe is like. Thank you again and again for sharing.”  »  “This information and these pictures are just fantastic. I don't know the right 

for the future.”  »  “At Instituto Superior Tecnico, Lisbon, Portugal, we are making a leaflet for handing out to physics university students about  

is allowed, given that we will give proper credit.”  »  “I want to thank you for the experience of your wonderful web site! I am a person of science... a masters of science 
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Facilitate technology transfer
We will continue to facilitate the transfer of our technical innovations to other space astronomy 
missions and other fields of research.5
The astronomical community recognizes the effectiveness, efficiency, and quality of our software products and 

capabilities for operating Hubble. NASA has adopted our planning and scheduling software and distributed 

data processing pipeline software for several other space astronomy missions. Such reuse has permitted 

those missions to become scientifically productive with lower cost and lower risk, which greatly benefits 

the astronomical community. Because we designed our systems to deal with changing suites of science 

instruments on Hubble and to accommodate new generations of computer hardware at the Institute, these 

systems offer built-in flexibility that makes them adaptable to other uses. Certainly the Institute’s success 

with operational systems contributed to our winning the contract for the James Webb Space Telescope Science 

and Operations Center. 

» In this past year we have had several requests for transfer of our software products to other observatories 

or science centers for use in their activities. The South African Large Telescope requested permission 

to use our Astronomer’s Proposal Tool (APT) as their means of having astronomers propose to use their 

telescope. The Canadian Astronomical Data Center requested use of improvements we made to the On-The-

Fly-Reprocessing (OTFR) software they pioneered to assist in the calibration and processing of astronomical 

data in their data center. The National Oceanic and Atmospheric Administration requested use of OPUS, our 

data pipeline management software, for use in processing weather and atmospheric information. In addition, 

the University of Florida and National Optical Astronomy Observatory have asked the Institute to lead the 

design and development of the data processing and calibration system for their high-resolution near infrared 

spectrograph concept being submitted for consideration as a next-generation instrument for the Gemini 

Observatory.

» The Institute is active in technical developments associated with the National Virtual Observatory and, 

on a broader scale, with the International Virtual Observatory Alliance. Institute-developed technology for 

a distributed “registry” of astronomical resources forms a key element of the U.S. and international virtual 

observatory infrastructure. This approach to managing resource metadata utilizes a standard technology 

developed for digital libraries called the “Open Archives Initiative.” The network of registries we developed 

could be applied to other fields, by tailoring to their unique metadata. A newly funded project for building a 

virtual observatory for oceanography, for example, is looking to re-use NVO infrastructure components.



and 35 years in an engineering profession. I have stood on a knoll in the out-back of Australia, outside of Alice Springs, on a moonless night and beheld the most awe 

to relive that experience. To behold again the mystery of creation... the beauty of which cannot be expressed in mere words.”  »   “Hubble’s great 

new on earth. No more.  Everyday Hubble brings something new to earth.”  »  “The public support around Hubble is absolutely breathtaking, as are 

Attract and retain outstanding 
technical staff
We will continue to attract the best technical staff to advance astronomy.6
The Institute has long recognized that the partnership between its outstanding technical staff and its world-

renowned scientific staff is the cornerstone to the Institute’s future. A healthy partnership ensures that we 

can continue to attract and retain outstanding technical staff to help achieve our scientific goals. In 2004, we 

continued our commitment to our technical staff, investing in their professional growth through training and 

providing exciting opportunities to take part in new technology studies. 

» Our training program provides opportunities for the technical staff to grow professionally, keep pace 

with advancing technology, and prepare for our evolving technical challenges. In 2004, the training program 

focused on techniques and technologies for data processing, software development, and work productivity.  

We conducted a colloquium series and a technology open house to enable the Institute staff to share their 

knowledge and stay abreast of shifts in technology. We supported staff participation in technical meetings, 

such as the Astronomical Data Analysis Software & Systems and International Virtual Observatory conferences 

and the Virtual Observatory Summer School.

» In 2004, the staff conducted several technology studies to review emerging technology considered 

relevant to the Webb mission and the Multi-mission Archive at Space Telescope.  The technical staff from 

Operations & Data Management, Center for Process & Technology, and Engineering & Software Services teamed 

up with scientific staff to conduct technical research and evaluations and perform new technology surveys.  

Examples of the studies include content management, relational databases, and mobile computing. Involving 

the technical staff in these studies increased opportunities for our technical staff to contribute personally to 

the Institute’s future.



inspiring night sky imaginable. A night sky so filled with beautiful objects that one could lie on ones back and just gaze for hours. To visit your site is 

glory is that it tells us what the human eye would see if it could.”  »  “Your work, your results excite me everyday.  It used to be said there is nothing 

the images it produces for all the earth to see.... normally I would say world, but Hubble allows us to see a much larger universe and makes our world tiny.”  »  “Even if 
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Attract and retain outstanding 
scientific staff
We will continue to attract excellent scientists and provide them with an academic environment 
that nourishes excellence in research.

7
We embrace this strategic goal, which lies at the heart of the 

Institute. Our programs provide our scientists stimulation, 

opportunity, and incentives for research at the forefront of 

astronomy and astrophysics. Within this environment, we serve 

individual scientists with mentoring and professional advice 

based on annual review. We match scientists to functional 

assignments that develop their technical skills, while ensuring 

the success of the Institute’s missions. Our promise to Institute 

scientists matches the Institute’s commitment to the outside 

community: we will enable you to do your best, for your career 

in astronomy and for the advancement of science.

Our academic environment
Our fellowship programs infuse the Institute and the Hubble 

program with the freshness of youthful exploration and 

discovery. Our visitor programs promote intellectual exchange 

and research connections with the world community. Our 

symposia, colloquia, and topical sessions promote discourse 

and debate about emerging results. We invest in the Institute 

research infrastructure and provide competitive access to 

funding for promising research projects. 

» We manage the Hubble Fellowship Program, selecting 

recipients on the basis of their excellence in scientific research 

and appraising them annually. In 2004, we selected 12 new 

Hubble Fellows and supported 31 Hubble Fellows at 19 U.S. 

institutions. We organized the yearly Hubble Fellowship 

Symposium, which allows all Fellows to present their latest 

scientific results. We also managed the Institute Postdoctoral 

Fellowship Program, selecting the recipients based on the 

strength of their proposed research. In addition, we host many 

regular postdoctoral fellows and graduate students, whose 

research is guided and supported by individual staff members. 

In 2004, we had two Institute Fellows and hosted approximately 

30 regular postdoctoral fellows. We also hosted 24 graduate 

students, including those enrolled in the Physics & Astronomy 

Department at The Johns Hopkins University (P&A/JHU). 

» We conduct a variety of programs to host scientific visitors 

at the Institute. Our Collaborative Visitor Program supports 

collaborators on research projects with Institute staff members 

for visits of one to four weeks. Our Journal Club Visitor Program 

supports external scientists who come to give one or more  

seminars during visits of one to two weeks. Our Distinguished 

Visitor Program supports outstanding astronomers to join 

the Institute for typically one month. In 2004, we hosted 

one Distinguished Visitor, five Journal Club Visitors, and 45 

Collaborative Visitors. 

» Each spring, we organize a symposium on an astronomical 

topic of major interest with important new developments. 

Usually, 100 to 200 astronomers attend these symposia, drawn 

by the offerings of cutting-edge research and invited speakers 

of the first rank. The 2004 symposium was entitled Planets to 
Cosmology: Essential Science in Hubble’s Final Years. The focus 



Hubble hadn’t taught us so much, the sheer mind-locking beauty of its ultra-deep gaze would be enough reason to pass the hat. We are thankful for what you have given.”  

to manned space programme and deepspace programme. Thus, we need so many materials for our class room.”  »  “Hubble has changed everything 

a great emotion, now in my home, my family and I see the pictures and try read the explanations (we speak Spanish, we are from Buenos Aires, Ar-

was twofold: the most recent science accomplished by Hubble 

and other observatories and Hubble’s future scientific legacy.

» September 2004 was a very active month at the Institute 

scientifically, with three organized events. We held a mini-

workshop on the topic Massive Galaxies over Cosmic Time, which 

gathered about 50 specialists to discuss the census, origin, and 

evolution of the most massive galaxies, from early times to the 

present. We organized another successful “science jamboree” 

in collaboration with P&A/JHU. At this one-day event, more 

than 60 participants took the podium to discuss their current 

projects and showcase their latest results. We also conducted 

a well-attended scientific session on the science from the Ultra 

Deep Field (UDF). Several speakers from the U.S. and Europe 

were invited to present their UDF-related science results to a 

full audience of Institute and JHU astronomers. We held a press 

event on the UDF in parallel to the scientific session.

» The Director’s Discretionary Research Fund (DDRF) and 

the James Webb Space Telescope Discretionary Fund (JDF) 

support both short- and long-term staff research programs 

as well as infrastructure investments to bolster our research 

capabilities. In 2004, the DDRF/JDF supported 52 scientific 

projects, of which 9 were long-term, allocating approximately 

$970,000 in funding.

Services to scientists
To maintain staff excellence and to continue to attract first-

class scientists from the outside community, we are committed 

to fostering the careers of our staff scientists, especially junior 

scientists, by providing mentoring, advising on professional 

development, and conducting annual science evaluations. In 

2004, we reinvigorated the mentoring program by focusing on 

optimal pairing of junior staff members with senior colleagues 

and by organizing panel sessions dedicated to topics of high 

interest. We collect issues that may affect whole categories 

of scientific staff and address them through the Institute’s 

management structure. We perform an annual evaluation of 

each AURA scientist based on his or her summary of scientific 

achievements for the past year. A committee consisting of the 

Science Division Head and a selection of junior and senior 

science staff members evaluates the summaries and determines 

the salary merit increases.

» In 2004, we established the Caroline Herschel Visitor 

Program to enhance women and minority representation at the 

Institute. This program is designed to provide a stimulating 

and productive environment for distinguished colleagues to 

spend time at the Institute working and lecturing on their 

scientific projects. A goal is to provide active mentoring to the 

Institute junior scientists, especially women and other under-

represented groups.



»  “I am a science educator of an Upper Primary educator in Kerala State, India. In our new science curriculum, there are so many topics related 

for the better, just incredible.  Just keep it coming.”  »  “Thank you for your work (sorry my bad english) When in my job we looked this web we had 

gentina) Thank you, you make us very happy. My admiration for all the team.”  »  “I just want to thank you for sharing the grace and beauty of our home sweet home.”
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Promote new missions
We will continue to work with the community to investigate, support, and advocate new missions 
that will enable further advances in astronomy and astrophysics.8
The Institute has a special responsibility to foster new missions and mission concepts, both for the vitality 

they afford the astronomical community and for the means they provide for us to share the expertise we have 

developed in support of our prime mission, the Hubble Space Telescope. Institute staff members have honed 

the technique of ‘science systems engineering,’ which encompasses a full range of capabilities in science 

operations, engineering, systems architecture, programming, and outreach. These skills have matured during 

the course of operating Hubble. 

» The Institute has built several productive partnerships to provide our expertise and products to other 

missions, including Far Ultraviolet Spectroscopic Explorer, National Virtual Observatory, Stratospheric 

Observatory for Infrared Astronomy, Spitzer Space Telescope, Chandra X-ray Observatory, Galaxy Evolution 
Explorer, and Kepler. Many individual scientists are members of science working groups for community-based 

missions, including James Webb Space Telescope, Space Interferometry Mission, Terrestrial Planet Finder, and 

Joint Dark Energy Mission. Others are members of science teams on missions selected for Phase A study, such 

as the Jupiter Magnetospheric Explorer (JMEX), or are involved in mission concept studies, such as Stellar 
Imager Vision Mission, Modern Universe Space Telescope (MUST), Baryonic Structure Probe, Dark Energy 
Space Telescope (DESTINY), Supernova Acceleration Probe (SNAP), and Hubble Origins Probe (HOP).



“As Hubble is the Institute’s present,  

so the James Webb Space Telescope  

will be its future...”
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