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MAJOR SCIENTIFIC INSTRUMENTATION 
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FY 2007 
ACTUAL  0 4,510 0 0 0 0 0 0 

FY 2008 
ESTIMATE 0 3,822 0 0 0 0 0 0 

FY 2009 
ESTIMATE 0 3,822 0 0 0 0 0 0 

 
 

STRATEGIC GOAL: STRENGTHENED RESEARCH 
 
Federal Resource Summary by Performance Objective and Program Category 

 
 

Performance Objective/ FY 2008 FY 2009 Change 
Program Category FTE $000 FTE $000 FTE $000 

Strengthened Research       
Research       
Engage in research and discovery 0 3,822 0 3,822 0 0 
Total 0 3,822 0 3,822 0 0 

 
BACKGROUND AND CONTEXT 
 

Smithsonian science is engaged in research and discovery focused on 
the origin and evolution of the universe, the formation and evolution of Earth 
and similar planets, the discovery and understanding of biological diversity, 
and the study of human diversity and cultural change.  

 
To achieve the goal of Strengthened Research, the Smithsonian uses its 

multi-year funding from the Major Scientific Instrumentation (MSI) line item to 
develop large-scale instrumentation projects that enable scientists working at 
the Smithsonian Astrophysical Observatory (SAO) to remain at the forefront 
of astronomy and astrophysics research. The Smithsonian’s criteria for 
selecting and proposing MSI projects are: 1) the instrumentation will enable 
compelling scientific advances that would not otherwise occur (either at SAO 
or anywhere else in the world) for some time to come; 2) the instrumentation 
is novel and technically advanced, and would not be developed without 
SAO’s contribution; and 3) the science enabled by the innovative instruments 
is consistent with the Smithsonian Institution’s strategic plan, “Science 



 188 

Matters: Priorities and Strategies.” The fundamental role for federal 
appropriations is to support the basic scientific infrastructure that enables 
SAO to conduct research, compete for external grants and funding, publish in 
peer-reviewed journals, and inform the public about the latest scientific 
discoveries in an exciting and compelling manner. Because of the magnitude 
of the costs and the time required to fabricate major new instruments and 
reconfigure existing ones, the Institution requests that MSI funds for these 
projects be kept available until they are spent. 

 
During the past 50 years, astronomers have made fundamental 

discoveries about the universe, such as the existence of more than 230 
planets around nearby stars and the bizarre remnants of dead stars that emit 
large quantities of x-rays in the Milky Way Galaxy. Scientists have 
determined that the universe is about 14 billion years old and that it is 
populated with billions of galaxies, many of which have super-massive black 
holes at their centers. Research has produced strong evidence that the 
expansion of the universe has been accelerated by a mysterious and invisible 
“dark energy.” Today, astronomers are poised to make the connections that 
will transform these discoveries into a coherent story of the cosmos from the 
Big Bang to the origins of life here on Earth. MSI funds are essential to meet 
this objective.  

 
Two SAO projects are included in the MSI line item: an array of 

submillimeter telescopes (i.e., Submillimeter Telescope Array, or SMA) on 
Mauna Kea, Hawaii, and instrumentation for the converted Multiple Mirror 
Telescope (MMT) at SAO’s Fred L. Whipple Observatory at Mt. Hopkins, 
Arizona. 

 
MEANS AND STRATEGY 
 

SAO’s mission is to engage in astrophysical research and discovery. 
Observational astrophysics is the basic science responsible for the 
understanding of the universe and its components beyond Earth. SAO has 
made leading contributions to many key discoveries in astrophysics, 
including: 1) the remarkable discovery that the universe is accelerating; 
2) the discovery of enormous patterns traced by galaxies in the universe; 
3) the most compelling demonstration of the existence of super-massive 
black holes at the centers of most galaxies; 4) the discovery of very high-
energy gamma rays; 5) the most convincing observational evidence for the 
existence of dark matter; and 6) the discovery of planets orbiting other stars. 
SAO scientists contributed to these discoveries by using key facilities that 
enable observations in several different bands of the electromagnetic 
spectrum (i.e., the broad range of light that is emitted by objects in the 
universe). These contributions have put SAO in the forefront of this 
generation of astronomers and astrophysicists, and have made SAO, with its 
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partner, the Harvard College Observatory, the top choice of graduate- and 
postdoctoral-level young scientists. SAO will continue to strive to make the 
next great contribution to understanding the universe and our place in it.  
 

SAO’s strength in observational astrophysics depends on its major 
ground-based facilities, the SMA and MMT, and the National Aeronautics 
and Space Administration’s space-based facilities, the Chandra X-ray 
Observatory and the Spitzer Space Telescope. Access to both ground- and 
space-based observatories enables SAO scientists to conduct research that 
would be impossible with either type of observatory alone. SAO’s future 
strength in ground-based observational astrophysics is critically dependent 
on equipping the SMA and MMT with powerful new instrumentation. 
Maintaining its leadership depends on developing instruments and facilities 
that do not now exist. A team of talented scientists and engineers must 
work together, over a period of several years, to bring these tools into being, 
with support from multi-year MSI funding. 
 
Submillimeter Telescope Array ($1,900,000) 
 
 The SMA, a collaborative project of SAO and the Academia Sinica 
Institute of Astronomy and Astrophysics in Taiwan, is made up of eight 20-
foot-diameter antennas located on the summit of Mauna Kea, Hawaii, 
which function as one giant telescope. This facility operates at higher 
frequencies than those of any other major radio telescope, enabling 
scientists to probe in unprecedented detail the formation of new planets 
around other stars. 
 

The SMA is now the most capable submillimeter observatory in the 
world. It can operate in three frequency bands, observing simultaneously in 
two of them. The 690 Gigahertz (GHz) receivers, operating at an 
unprecedented frequency (which is hundreds of times the frequencies used 
in television, cell phones, and WiFi systems), enable observations that have 
only been dreamed of before, and clearly illuminate the leadership position 
of those working with the SMA.  
 

The capabilities of the SMA will be greatly expanded by the 
development and implementation of an atmospheric phase-monitoring system 
and new receivers. This will allow the eight separate antennas to be 
operated jointly when they are located at their greatest separations (up to 
half a kilometer) and at the highest operating frequencies. The SMA will have 
the resolving power of a telescope half a kilometer in size, an unprecedented 
capability at submillimeter wavelengths. SAO scientists will be able to make 
new and detailed observations of super-massive black holes at the centers of 
galaxies, and observe other solar systems where planets are forming around 
nearby stars. 
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 In FY 2009, MSI support will be used to install an atmospheric phase-

monitoring system that will enable SAO scientists to exploit the longest array 
baselines (which provide the greatest visual acuity), and to complete and 
install new 400 GHz receivers with dual-polarization feeds and twice the 
present bandwidth, thereby greatly increasing the sensitivity of the array. 

 
Multiple Mirror Telescope ($1,922,000) 
 

The MMT, a joint project of SAO and the University of Arizona, 
dedicated in 1979, was made up of six identical 1.8-meter telescopes in a 
single altitude-azimuth (naval-gun-type) mount. The original multiple-mirror 
design provided a state-of-the-art solution to the technological limitation in 
casting large mirrors at that time. Following advances in mirror-casting 
technology developed by the University of Arizona, in the 1990s SAO 
replaced the six smaller mirrors of the original MMT with a single mirror 6.5 
meters in diameter, thus more than doubling the light-gathering capability 
of the telescope and increasing its field of view some 400 times. 

 
The converted MMT is an extremely powerful telescope. The final 

instrument needed for it is Binospec, an imaging spectrograph with dual 
8’x15’ fields of view and a very compact layout for excellent stability. 
Binospec will enable SAO scientists to test the theory that galaxies form 
from mergers of smaller galaxies with halos of invisible dark matter. 
Astronomers will observe the motion of stars in neighboring galaxies to 
identify the disrupted fragments of galaxies that have merged. These 
mergers are accompanied by bursts of star formation, including the formation 
of compact globular clusters of stars. Spectroscopic studies of these star 
clusters will enable SAO scientists to measure the age and composition of 
neighboring galaxies, from which they will learn about the formation epoch 
of galaxy disks, bulges, and halos. In addition, Binospec will enable 
astronomers to study the formation of large-scale structure when the 
universe was only one-fifth of its current age. By combining these 
observations with spectroscopic studies and measurements of galaxies 
obtained via the Chandra X-ray Observatory, SAO scientists can create a 
map of the cosmic web at that epoch. A complementary program will probe 
even further back in time to measure the environments of distant galaxies, 
and compare these measurements with those from theoretical astrophysical 
simulations being carried out at SAO using the Keck computer cluster. 
FY 2009 MSI support will be used to continue work on Binospec and ship it 
to the MMT for commissioning and its first research experiments. 
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STRATEGIC GOAL AND FY 2009 ANNUAL PERFORMANCE GOALS 
 
Strengthened Research 

Engage in research and discovery focused on understanding the origin 
and evolution of the universe, Earth and planets, biological diversity, 
and human culture ($3,822,000) 
• Continue developing and implementing the atmospheric phase-
monitoring system and constructing the new receivers needed to 
expand the capabilities of SAO’s SMA. SAO scientists will be able to 
observe solar systems in which planets are forming, and super-
massive black holes such as the one at the center of the Milky Way 
and those in other nearby galaxies 
• Continue work on Binospec and ship it to the MMT for 
commissioning. Binospec will enable SAO scientists to conduct 
extremely efficient spectroscopic studies of very faint objects, study 
the formation and evolution of galaxies and other large-scale structure 
in the universe, and better understand the pervasive dark matter and 
dark energy in the cosmos 


