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Combining computer and communications skills, experts at the University of California San Diego are helping
colleagues at the California Institute of Technology share the massive amounts of data produced by astronomers'
investigations of the cosmos.

For the past three years, astronomers at Cal Tech's Palomar Observatory in Southern California have
been using the High Performance Wireless Research and Education Network (HPWREN) as the data transfer
cyberinfrastructure to further our understanding of the universe.

HPWREN is staffed by researchers at UC San Diego's San Diego Supercomputer Center (SDSC), Scripps
Institution of Oceanography (SIO), and San Diego State University (SDSU).

Recent applications include the study of some of the most cataclysmic explosions in the universe, the hunt
for extrasolar planets, and the discovery of our solar system's tenth planet. The data for all this research is
transferred via HPWREN from the remote mountain observatory to college campuses hundreds of miles away.

Funded by the National Science Foundation, HPWREN provides Palomar Observatory with a high-speed
network connection that helps enable new ways of undertaking astronomy research consistent with the data
demands of today's scientists. Specifically, the HPWREN bandwidth allows astronomers to transfer a 100MB
image from a telescope camera at Palomar to their campus laboratories in less than 30 seconds.

"The Palomar Observatory is by far our most bandwidth-demanding partner," says Hans-Werner Braun,
HPWREN principal investigator, a research scientist with SDSC at UC San Diego. "Palomar is able to run the
45 megabits-per-second HPWREN backbone flat out and will be able to utilize substantially more bandwidth in
the future. The current plan is to upgrade critical links that support the observatory to 155 Mbps and create a
redundant 45 Mbps path for a combined 200 megabits-per-second access speed at the observatory."

Last summer astronomers making use of the Palomar 48-inch Samuel Oschin Telescope announced the
discovery of what some are calling our solar system's tenth planet. The object has been confirmed to be larger
than Pluto. The telescope uses a 161-million-pixel camera - one of the largest and most capable in the world.
HPWREN enables a large volume of data to be moved off the mountain to each astronomer's home base. Modern
digital technology with pipeline processing of the data produced enables astronomers to detect very faint moving
and transient objects.

To find these objects, the telescope takes a relatively short exposure of a section of the sky. It then goes off
and images a pre-arranged sequence of such target fields. After a period of time it comes back and repeats the
sequence. Then it does it again after another interval. Any objects that are visible in all three images, but move



consistently with respect to the background star field, are solar system objects such as asteroids, comets or
Kuiper Belt objects. Because of the large amount of data, pipeline processing is used both to detect such objects
and to calculate their preliminary orbits from the initial triplet data. Sedna and the tenth planet, 2003UB313, were
found using this technique, as were a large number of Near Earth Asteroids by the Jet Propulsion Laboratory's
Near-Earth Asteroid Tracking (NEAT) program.

The Nearby Supernova Factory piggybacks their hunt for a certain type of exploding star, known as Type
Ia supernovae, with the data collected by the NEAT program, and they then use the observations of these
supernovae as "standard candles" for measuring the accelerating expansion of the universe. To date the survey
has discovered about 350 supernovae, including 90 Type Ia supernovae.

Greg Aldering of the University of California's Lawrence Berkeley Laboratory says, "The recent discovery that
the expansion of the universe is speeding up has turned the fields of cosmology and fundamental physics on their
heads. The QUEST camera and the speedy HPWREN link are giving us an unprecedented sample of supernovae
for pursuing this exciting discovery. The Palomar supernovae will be compared with supernovae from the Hubble
Space Telescope and other telescopes to try to determine what is causing this acceleration."

One of the universe's most mysterious and explosive events is the phenomenon known as a gamma-ray
burst (GRB). They are briefly bright enough to be visible billions of light years away, but they are difficult to study
because they are very short lived and take place at seemingly random locations and times.

Astronomers rely on satellites like Swift which detects a GRB and immediately relays the information to
observers worldwide via the Gamma-Ray Burst Coordinates Network.

If a gamma-ray burst occurs when it is dark and clear at Palomar, the observatory's robotic 60-inch telescope
immediately slews to the coordinates provided and images the fading optical glow of the explosion. "The rapid
response by the Palomar 60-inch telescope is possible only because of HPWREN. With it we have observed
and categorized some of the most distant and energetic explosions in the universe," remarks Shri Kulkarni,
MacArthur Professor of Astronomy and Planetary Science and director of the Caltech Optical Observatories.
These observations have allowed astronomers to reach new frontiers by classifying the bursts and theorizing
about their origins.

For the last decade astronomers have been using indirect methods and giant telescopes (like the Keck in
Hawaii) to make their first discoveries of planets outside our solar system (called exoplanets). The smallest
telescope at the Palomar Observatory is performing its own search for exoplanets. With a small telescope it is
possible to detect a giant Jupiter-sized world that lies close to its parent star. By looking at a great many stars
each night the HPWREN-powered Sleuth Telescope hopes to catch such a planet in the act of passing directly in
front of its star. Such an eclipse, known as a transit, dims the light of the star by about one percent.

Sleuth is an automated telescope, capable of observing target areas of the night sky without much human
interaction. All the required actions are scripted in advance, and a computer running this script is placed in
charge of the telescope. The observer can then get a good night's sleep and receive the data in the morning.
The automated nature of this procedure allows for remote observing, so the observer need not even be on the
mountain.

"Living in the modern age of astronomy has made observing much more efficient. Every night we transfer
about 4 gigabytes of data via HPWREN from Sleuth to Caltech in Pasadena. It is on my computer and analyzed
before I arrive at work in the morning," says Caltech graduate student Francis O'Donovan. "The ability to process
the previous night's data enables us to quickly check the quality of that data. We can then ensure the telescope is
operational before beginning the next night's observations."

"The current HPWREN funding supports research into an understanding, prioritization, and policy-based re-
routing of data network traffic, something the bursty and predominantly night-time high-volume observatory traffic



is very useful for," explains Braun. "This being alongside other research and education traffic, also including
continuous low-volume sensor data with tight real-time requirements, creates an ideal testbed for this network
research as well."

The High Performance Wireless Research and Education Network program is an interdisciplinary and multi-
institutional UC San Diego research program led by Braun at the San Diego Supercomputer Center and co-
principal investigator Frank Vernon at the Scripps Institution of Oceanography. HPWREN is based on work
funded by the National Science Foundation. The HPWREN web site is at http://hpwren.ucsd.edu/
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