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SMITHSONIAN ASTROPHYSICAL OBSERVATORY 
 
 

 
APPLICATION OF OPERATING RESOURCES 
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FY 2002 
ACTUAL 122 20,856 102 14,315 16 3,056 296 79,859 

FY 2003 
ESTIMATE 123 21,121 95 13,059 15 4,431 287 71,889 

FY 2004 
ESTIMATE 124 21,801 95 12,959 15 4,431 287 71,889 

 
 

STRATEGIC GOALS: PUBLIC IMPACT; FOCUSED, FIRST-CLASS SCIENCE; 
AND MANAGEMENT EXCELLENCE 

 
Federal Resource Summary by Performance Objective 

 
 

Performance  FY 2003 FY 2004 Change 
Objective FTE $000 FTE $000 FTE $000 

              
Public Impact:             
Provide diverse national audiences with 
high-quality education resources  

4 385 4 399 0 14 

Focused, First-Class Science:             
Conduct focused scientific research 
programs that are recognized for their 
quality, relevance, and leadership 

117 20,272 118 20,932 1 660 

Management Excellence:             
Modernize the Institution's information 
technology systems and functions 

1 398 1 401 0 3 

Recruit, hire, and maintain a diverse 
workforce and promote equal opportunity 

1 66 1 69 0 3 

Total 123 21,121 124 21,801 1 680 
 
BACKGROUND AND CONTEXT 
 

The mission of the Smithsonian Astrophysical Observatory (SAO) is to 
conduct research to increase understanding of the origin and evolution of the 
universe and to communicate this information through publications, teaching, and 
public presentations. SAO is probably the largest and most diverse astrophysical 
institution in the world. It has pioneered the development of orbiting observatories 
and large ground-based telescopes, the application of computers to astrophysical 
problems, and the integration of laboratory measurements, theoretical 
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astrophysics, and observations across the electromagnetic spectrum. 
Observational data are gathered by instruments aboard rockets, balloons, and 
spacecraft, as well as by ground-based optical, infrared, and gamma-ray 
telescopes at the Fred Lawrence Whipple Observatory in Arizona, by an optical 
telescope at the Oak Ridge Observatory in Massachusetts, by a submillimeter 
array nearing completion in Hawaii, by a small submillimeter telescope at the 
South Pole, and by a small millimeter-wave telescope in Massachusetts. 
Headquartered in Cambridge, Massachusetts, SAO is a member of the Harvard-
Smithsonian Center for Astrophysics, along with the Harvard College 
Observatory. 
 

To achieve the goal of Public Impact, SAO will continue to conduct 
outstanding national programs of science education. SAO will address the goal of 
Focused, First-Class Science by maintaining its leadership position in 
astrophysics through the high level of productivity of its permanent scientific staff 
and by promoting collaborations with visiting scientists and academic research 
institutions. Management Excellence will be achieved by modernizing SAO's 
information technology systems and functions, and promoting and maintaining a 
diverse workforce and culture of equal opportunity in all aspects of SAO's 
employment. 
 

For FY 2004, the estimate includes an increase of 1 FTE and $172,000 for 
the VERITAS project and $408,000 for necessary pay for existing staff funded 
under this line item. Also included in the request is $100,000 for rent increases, 
justified under the Non-discretionary Costs section of this budget. 
 
MEANS AND STRATEGY 
 

To achieve the goal of Public Impact, SAO will continue to develop 
curricula and materials that reflect current scientific and educational philosophy; 
will maintain its leadership in precollege science education by identifying and 
addressing the needs of science teachers and students in elementary, 
secondary, and college science, with an emphasis on grades K-12; and will 
continue teacher professional development in conjunction with the 
Annenberg/CPB TV Channel to reach channel licensees and schools. 
 

To achieve the goal of Focused, First Class Science, SAO is directing its 
resources primarily to making substantial progress in answering four fundamental 
questions (following each is a brief description of one or two examples of 
progress made in FY 2002): 
 
• How did large-scale structures such as galaxies and clusters of galaxies form 

and evolve? 
 

SAO scientists found that the brightest x-ray sources in their survey of the 
Andromeda galaxy come not from within the spiral arms of the galaxy itself, 



 108

as had been expected, but from the globular clusters of stars that surround 
the galaxy. In Andromeda, the brightest x-ray star is about ten thousand times 
more luminous than the sun and is located in a globular cluster. Extreme x-
ray sources, like this one, hold clues to the forces that helped to shape these 
clusters, and hence clues to the processes that shaped the Andromeda 
galaxy itself and perhaps our own Milky Way galaxy as well. 

 
• How do stars— including the sun— and planets form, evolve, and behave? 

What are the implications for life in the universe in general and on Earth in 
particular?  

 
SAO scientists— using the Hubble Space Telescope— were leaders in the 
first-ever detection of the atmosphere of a planet orbiting another star. This is 
a major milestone in astronomy because it proves that at least some 
extrasolar planets have atmospheres and shows that it is possible to study 
their chemistry from Earth, and to search for the chemical markers of life. 
With colleagues from other institutions, SAO scientists also discovered a 
planet in a triple-star system, only the second known case of a planet in such 
a triplet. 

 
SAO scientists and their team have been watching the sun closely. The sun 
undergoes 11-year cycles of activity, and when it approaches its cycle 
maximum (last in 2000), active regions with intense magnetic fields increase 
in number. These regions can erupt, hurling energetic, charged particles 
towards Earth as part of a solar wind. SAO scientists use the Solar and 
Heliospheric Observatory satellite and their on-board instrument, the 
Ultraviolet Coronagraph Spectrometer (UVCS) to make their observations. 
UVCS is the only instrument able to measure the speeds and temperatures of 
atomic particles from coronal holes in the extended solar corona. Scientists 
think that an understanding of these physical processes of the solar wind is 
essential to the development of a long-range space weather prediction 
capability. 

 
• How do compact objects— black holes and neutron stars— form, evolve, and 

interact with their surroundings? 
 

Using the Chandra X-ray Observatory, SAO scientists discovered evidence 
for a fantastic explosion and an outpouring of material from the vicinity of the 
black hole at the center of the galaxy NGC 4636 located about 50 million light 
years from Earth. From the present understanding of how these galactic black 
holes become so destructive, it does not seem likely that the Milky Way will 
undergo a similar disruption any time soon, but its center does show evidence 
for much smaller scale activity. 
 
SAO scientists also discovered an enormous x-ray jet— over a million light 
years in length— shooting out from the core of a distant quasar. The jet 
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appears to have resulted from an explosion that occurred about 10 billion 
years ago near the quasar's central supermassive black hole. This discovery 
will help scientists better understand quasars and how they formed. It may 
also help clarify the nature and behavior of massive black holes. 

 
SAO scientists observed a suspected neutron star located about 450 light-
years away. Neutron stars, the ashes of certain supernovae explosions, 
contain about as much mass as one and one-half suns, but squeezed into a 
volume only about ten kilometers in radius. The extreme conditions in neutron 
stars are unattainable in laboratories, and so these stars divulge properties of 
fundamental particles, like neutrons, whose behavior in such environments 
can only be studied from astronomical observations. The SAO-led team 
discovered that the "neutron star" they observed seemed to be at most eight 
kilometers in radius and maybe even only half that size. They speculated that 
since some models of quarks, now thought to be the basic building blocks of 
all matter, would allow them to condense into a quark star, this object was just 
such a star and represents a new kind of matter. 
 

• How do the basic properties of matter and light affect the behavior and 
evolution of the universe and its contents? 
 
SAO scientists completed the most accurate experiments ever done to 
explore the behavior of matter as its orientation and velocity in the universe 
are changed. No effect was discerned to a limit of a few parts in ten million 
trillion trillion and a thousand trillion trillion, respectively. SAO scientists also 
developed a theoretical model that shows how the ubiquitous cosmic 
microwave background will exhibit anomalies. These anomalies are relics 
from early times and will allow us to probe the structure of the universe in its 
very early stages of evolution. A new analysis of the interaction of electrons 
with molecules, carried out by SAO scientists, may help explain a current 
mystery— the origin of the background of x-rays that suffuse the sky and were 
detected by SAO satellites. 

During FY 2003 and FY 2004, SAO scientists will continue to address 
these questions and make further progress towards answers. In addition, with the 
increase in funding requested for FY 2004, SAO will embark, with national and 
international partners, on the VERITAS (Very Energetic Radiation Imaging 
Telescope Array System) project to develop second-generation instrumentation. 
The goal of this project is to exploit SAO's pioneering development of the field of 
very-high-energy gamma-ray astronomy. 
 

To achieve the goal of Management Excellence, SAO will continue in FY 
2004 to modernize its information technology systems and functions by 
participating fully in the implementation of the HR module of the Institution's 
Enterprise Resource Planning (ERP) system. SAO will also promote and 
maintain a diverse workforce and culture of equal opportunity in all aspects of its 
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employment by maintaining the widest feasible distribution of recruitment 
announcements and individual job postings. 
 

STRATEGIC GOALS AND FY 2004 ANNUAL PERFORMANCE GOALS 
 
Public Impact 

Provide diverse national audiences with high-quality education 
resources (4 FTEs and $399,000) 
• Maintain SAO’s leadership in precollege science education 
• Continue teacher professional development in conjunction with the 

Annenberg/CPB Channel to reach 
• 1000 Channel licensees including PBS stations, cable access 

stations, schools, and universities 
• 80,000 schools 
• An average of 48,000 website hits to Channel workshops page per 

month 
 
Focused, First-Class Science 
 Conduct focused scientific research programs that are recognized 

for their quality, relevance, and leadership (118 FTEs and 
$20,932,000) 
• Maintain a high number of publications in scholarly books and peer-

reviewed journals (at least 300 in FY 2004) 
• Continue to make at least 100 presentations at professional meetings 
• Secure nearly three non-appropriated dollars for every federal dollar 

spent to conduct research 
• Maintain the scientific computing infrastructure 

Management Excellence 
Modernize the Institution’s information technology systems and 
functions (1 FTE and $401,000) 
• Actively participate in the implementation of the ERP Human 

Resources module 
Recruit, hire, and maintain a diverse workforce and promote equal 
opportunity (1 FTE and $69,000) 
• Maintain the widest feasible distribution of recruitment announcements 

and individual job postings 
 
FY 2004 REQUEST— EXPLANATION OF CHANGE 
 

The FY 2004 budget estimate includes an increase of $680,000 and 
1 FTE. Included in the request is $100,000 for rent increases, justified under the 
Rental Space section of this budget and $408,000 for necessary pay for existing 
staff funded in this line item. The request also includes: 
• (+$172,000, +1 FTE) to exploit SAO's pioneering development of the field of 

very-high-energy gamma-ray astronomy. 
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 SAO is the world's pioneer in the field of very-high-energy gamma-ray 
astronomy, which studies the sources of the highest energies of light ever 
detected in the universe. To maintain this position and meet the goal of Focused, 
First-Class Science, SAO is embarking on VERITAS (Very Energetic Radiation 
Imaging Telescope Array System), with national and international partners to 
develop second-generation instrumentation. This project is included in 
Astronomy and Astrophysics in the New Millennium (May 2000), the report of the 
Astronomy and Astrophysics Committee of the National Research Council, as 
one of the priorities for ground-based initiatives in astronomy. SAO is taking the 
lead role in this project, which involves a consortium of 10 U.S. and international 
research and academic institutions. An additional senior staff member 
(astrophysicist, GS-15) is critical to the success of this large, collaborative 
program. The VERITAS construction costs of about $26 million are being shared 
by the U.S. Department of Energy (DOE) and the National Science Foundation 
(NSF). SAO’s planned funding for constructing VERITAS instrumentation is 
included in the FY 2004 DOE budget request. In addition, the British and Irish 
equivalents of the National Science Foundation are contributors to this project. 
The operations and maintenance of the array will be funded almost exclusively 
by these agencies. 
 
NONAPPROPRIATED RESOURCES— General trust funds provide some of the 
support for research, fellowships, and business expenses. Overhead from grants 
and contracts provides partial support for salaries and benefits of personnel and 
general operations. 


