
 

Early findings from HERA telescope promise
deeper understanding of the cosmic dawn

February 11 2022, by Maria Rose

  
 

  

Part of the HERA radio interferometric array in the South African Karoo desert
during early construction in 2016, pictured with site crew for scale. Credit:
Kathryn Rosie
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All through history, humans have created and shared stories that ponder
the creation of stars—what they are and how the first stars came to be.
Now, with new results from the Hydrogen Epoch of Reionization Array
(HERA), a radio telescope located at the South Africa Karoo Astronomy
Reserve, MIT scientists are one small, but significant, step closer to
understanding that history.

HERA researchers are looking for the earliest signs of star formation
and galaxy structure. Specifically, scientists including Jacqueline Hewitt,
the Julius A. Stratton Professor of Physics at MIT, are trying to
understand what happened during a period called the cosmic dawn,
which occurred about 400 million years after the Big Bang. In early fall
2021, Hewitt, Nicholas Kern, a Pappalardo Fellow in Physics at the MIT
Kavli Institute for Astrophysics and Space Research, and other
researchers from the international collaboration finalized the long-
awaited results collected and analyzed over four years, during the first
stages of the telescope's construction. Their study, published Feb. 7 in 
The Astrophysical Journal, presents new upper limits on radio signals
from cosmic hydrogen, which indicates early star formation and gives
scientists a clearer picture of when the first stars and galaxies formed.
These findings narrow down the theoretical models that hypothesize on
the origins of the cosmic dawn.

The HERA findings are in part so significant because they were
collected at such an early stage in HERA's development. The telescope,
which operates as an array of radio dishes, currently sits at just a fraction
of its ultimate size—the data were collected from just 39 of HERA's 52
deployed antennae. In its full form, there will be 350 total antennae.
Once fully constructed, HERA will be sensitive enough to gather even
larger datasets and information from further away, and thus further back
in time.

"We're not yet doing fully what we can do," says Kern, the paper's lead
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author. "This result is a demonstration of the telescope as an entity. It's a
demonstration of a first pass at an analysis of the data, which is kind of a
framework, a bedrock, if you will, going forward for all future analysis."

Seeking a signal

To look back at the cosmic dawn, HERA uses low-frequency radio
waves to identify signals that are not easily observed. This is different
from other telescopes, such as the Hubble Space Telescope, which
observe structures like galaxies that comprise just 5 percent of the
observable matter in space. The other 95 percent of matter is what is
between galaxies, including low-density hydrogen. With HERA,
scientists can look at what is going on between galaxies and use that
information to infer what galaxies are doing that we cannot observe, and
how galaxy formation influences the space around it.

To understand this period in the universe's history, scientists are looking
for the "spin flip signal," also known as the 21-centimeter line, which is
the wavelength of neutral hydrogen gas. This radio signal comes from
intergalactic material between galaxies and is produced by the emission
and/or absorption of hydrogen atoms given off through this transition.

"What we're looking at with HERA is: What does the spin flip signal
look like during this era?" says Steve Furlanetto, the HERA project's
lead theorist and an associate professor of physics and astronomy at the
University of California at Los Angeles.

Identifying the Epoch of Reionization, or the timing of when the signal
is observed, is what's important, he says. "We want to know if [the
signal] is in absorption, which would mean it's before X-rays, or in
emission, which is after X-rays. And then we want to see if it disappears
because of reionization."
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The signal has two signatures, or processes, that can be captured. The
signal is first altered when stars heat the hydrogen gas. The second part,
which is what HERA has so far been looking for, is the disappearance of
the 21 cm signal, which happens when the hydrogen is ionized by the
energy produced by additional star formation. This signature indicates
that stars have been created.

The 21 cm line from the cosmic dawn has not yet been definitively
detected. However, the new results from HERA provide data—more
sensitive than previous results by a factor of 10—on the nature of the
spin flip signal from when the universe was 500 million years old.

A first look

With these results, the HERA team has been able to provide evidence
that rule out several possible theories about galaxy formation. Most
notably, the data show that there must have been some mechanism for
heating up the hydrogen in space, which means that galaxies must have
black holes.

"If you had galaxies that didn't have black holes, that's basically
something you can rule out," Furnaletto says. "There must be heating,
which, in the context of these models, means that there must be black
holes near which X-rays are produced."

With funding from the Gordon and Betty Moore Foundation and the
National Science Foundation, HERA will operate at 350 antennas and
with a new antenna design that will allow the telescope to capture lower
frequency radio waves and view points at higher redshifts, effectively
seeing further back in time.

Hewitt, project lead on expanding HERA's signal capacity, has been
working on the question of when the earliest stars formed since 2004.
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She has led the prototyping of the new low-frequency components, and
is developing more techniques to analyze the current and future datasets.
The new antennae design, from Cambridge University, should be
installed by early 2022, and will dramatically increase the range of
information they are able to obtain.

"This extension to lower frequencies is important because it gets us to
this period before the first stars," says Hewitt, explaining that the
increased range will help them learn more about earlier stages of cosmic
history.

"It's amazing how it works. You get kind of jaded, but sometimes I stop
and think, 'I'm building an instrument that looks back in time 13 billion
years', you know?" said Hewitt. "That's kind of amazing that we can
actually do that."

  More information: Zara Abdurashidova et al, First Results from
HERA Phase I: Upper Limits on the Epoch of Reionization 21 cm
Power Spectrum, The Astrophysical Journal (2022). DOI:
10.3847/1538-4357/ac1c78
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