
 

ASU joins pathbreaking radio telescope
project to study early universe

November 25 2014

  
 

  

ASU undergraduate students Hamdi Mani (left) and Jose Chavez kneel in front
of a telescope antenna tile at the Murchison Widefield Array radio telescope.
Hamdi has graduated and now works as an electronics engineer in SESE. Credit:
Judd Bowman

Arizona State University has joined with 14 other institutions in
Australia, India, New Zealand and the United States in a radio telescope
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project that focuses on the early universe and the birth and formation of
the first galaxies.

The radio telescope is the Murchison Widefield Array (MWA), located
in the Shire of Murchison, Western Australia. The Shire, isolated and
sparsely populated, has no villages or towns, and consists of only about
30 cattle and sheep stations (ranches), with a combined population of
around 100. These are spread over about 20,000 square miles (50,000
square kilometers).

The telescope is constructed of 2,048 dipole antennas, grouped into four-
by-four arrays called tiles. Each dipole antenna spans about 30 inches
(74 centimeters). Most of the tiles (112) scatter across a core section 1
mile (1.5 kilometers) in diameter, with the remaining 16 tiles placed
outside the core, yielding baseline distances of about 2 miles (3
kilometers).

The antennas and receivers operate at low radio frequencies and are
optimized for radio waves in the 80-300 Megahertz range - the same
frequencies used for FM radio and broadcast TV. Hence, Murchison's
geographic isolation provides great advantages.

"A dense-core-plus-outliers arrangement gives sensitive, wide-field
views from the central tiles," says Judd Bowman, associate professor of
astronomy in the School of Earth and Space Exploration (SESE) and
project scientist for the telescope array. "And the outliers provide high-
resolution imaging for solar outbursts and extragalactic sources, other
areas of focus in the telescope's scientific program."

Research opportunities for ASU astronomers
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ASU undergraduate student Jose Chavez points to a signpost that shows the
directions and distances to the Murchison telescope's partner institutions -- ASU
wasn't on the list at the time. Credit: Judd Bowman

The telescope program will provide many opportunities for scientists,
researchers and students in SESE, Bowman says. "As a partner
institution in the telescope, any faculty member at ASU can join the
project and receive access to observing data."

Three ASU undergraduates traveled with Bowman to Australia to help
with the construction and commissioning of the telescope and related
experiments at the site. The telescope is already being used by graduate
students and two postdoctoral scholars at ASU for their research. For
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example, ASU researchers are currently using the telescope to search for
traces of relic radio waves from primordial gas surrounding the first stars
and galaxies at a time, more than 13 billion years ago, when the universe
was less than a billion years old.

Bowman says, "This telescope complements very well the observational
cosmology efforts already underway at ASU to observe the oldest
galaxies in the universe. With the MWA, while we won't see the galaxies
themselves, we hope to detect the cosmic fingerprints those galaxies left
in the intergalactic gas around them."

Danny Jacobs, NSF Postdoctoral Fellow in SESE, is helping to
coordinate the analysis of more than a thousand terabytes of data already
acquired by the telescope. "The MWA is fixed to the ground and sees
the entire sky," he explains. To unpack the signals and extract the data
requires powerful computer processing. "To an unprecedented degree,
the MWA is a software telescope. We're really pushing the limits of
what our computers can do."

The Murchison Widefield Array has four elements, or research avenues,
that make up its scientific program. These are: (1) exploration of the
Cosmic Dawn and epoch of reionization, the period when the first stars
and galaxies formed in the early universe; (2) radio emission from the
Milky Way Galaxy and extragalactic sources, which is both a
complicating foreground "fog" for observations and an interesting
scientific target of its own; (3) searching for transient and variable radio
events that are rare and faint, and which occur on timescales from
seconds to months; and (4) space weather, the study of solar outbursts as
they travel from the sun's surface to Earth.

Along with ASU's new role in the project, Bowman notes, SESE is
hosting an international scientific conference in December 2014. It will
be based around the Murchison Widefield Array and the initial science
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results from both it and other low-frequency radio telescopes.
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