
 

Citizen science project classifying gamma-
ray bursts
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Gamma-ray bursts, as shown in this illustration, come from powerful
astronomical events. Credit: NASA, ESA and M. Kornmesser

When faraway stars explode, they send out flashes of energy called 
gamma-ray bursts that are bright enough that telescopes back on Earth
can detect them. Studying these pulses, which can also come from
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mergers of some exotic astronomical objects such as black holes and
neutron stars, can help astronomers like me understand the history of the
universe.

Space telescopes detect on average one gamma-ray burst per day, adding
to thousands of bursts detected throughout the years, and a community
of volunteers are making research into these bursts possible.

On Nov. 20, 2004, NASA launched the Neil Gehrels Swift Observatory,
also known as Swift. Swift is a multiwavelength space telescope that
scientists are using to find out more about these mysterious gamma-ray
flashes from the universe.

Gamma-ray bursts usually last for only a very short time, from a few
seconds to a few minutes, and the majority of their emission is in the
form of gamma rays, which are part of the light spectrum that our eyes
cannot see. Gamma rays contain a lot of energy and can damage human
tissues and DNA.

Fortunately, Earth's atmosphere blocks most gamma rays from space,
but that also means the only way to observe gamma-ray bursts is through
a space telescope like Swift. Throughout its 19 years of observations, 
Swift has observed over 1,600 gamma-ray bursts. The information it
collects from these bursts helps astronomers back on the ground measure
the distances to these objects.

Looking back in time

The data from Swift and other observatories has taught astronomers that
gamma-ray bursts are one of the most powerful explosions in the
universe. They're so bright that space telescopes like Swift can detect
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them from across the entire universe.

  
 

  

NASA’s Swift observatory, which detects gamma rays. Credit: NASA E/PO,
Sonoma State University/Aurore Simonnet

In fact, gamma-ray bursts are among one of the farthest astrophysical
objects observed by telescopes.

Because light travels at a finite speed, astronomers are effectively
looking back in time as they look farther into the universe.
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The farthest gamma-ray burst ever observed occurred so far away that its
light took 13 billion years to reach Earth. So when telescopes took
pictures of that gamma-ray burst, they observed the event as it looked 13
billion years ago.

Gamma-ray bursts allow astronomers to learn about the history of the
universe, including how the birth rate and the mass of the stars change
over time.

Types of gamma-ray bursts

Astronomers now know that there are basically two kinds of gamma-ray
bursts—long and short. They are classified by how long their pulses last.
The long gamma-ray bursts have pulses longer than two seconds, and at
least some of these events are related to supernovae—exploding stars.

When a massive star, or a star that is at least eight times more massive
than our sun, runs out of fuel, it will explode as a supernova and collapse
into either a neutron star or a black hole.

Both neutron stars and black holes are extremely compact. If you shrank
the entire sun into a diameter of about 12 miles, or the size of
Manhattan, it would be as dense as a neutron star.

Some particularly massive stars can also launch jets of light when they
explode. These jets are concentrated beams of light powered by
structured magnetic fields and charged particles. When these jets are
pointed toward Earth, telescopes like Swift will detect a gamma-ray
burst.

On the other hand, short gamma-ray bursts have pulses shorter than two
seconds. Astronomers suspect that most of these short bursts happen
when either two neutron stars or a neutron star and a black hole merge.
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When a neutron star gets too close to another neutron star or a black
hole, the two objects will orbit around each other, creeping closer and
closer as they lose some of their energy through gravitational waves.

These objects eventually merge and emit short jets. When the short jets
are pointed toward Earth, space telescopes can detect them as short
gamma-ray bursts.

Classifying gamma-ray bursts

Classifying bursts as short or long isn't always that simple. In the past
few years, astronomers have discovered some peculiar short gamma-ray
bursts associated with supernovae instead of the expected mergers. And
they've found some long gamma-ray bursts related to mergers instead of
supernovae.

These confusing cases show that astronomers do not fully understand
how gamma-ray bursts are created. They suggest that astronomers need a
better understanding of gamma-ray pulse shapes to better connect the
pulses to their origins.

But it's hard to classify pulse shape, which is different than pulse
duration, systematically. Pulse shapes can be extremely diverse and
complex. So far, even machine learning algorithms haven't been able to
correctly recognize all the detailed pulse structures that astronomers are
interested in.

Community science

My colleagues and I have enlisted the help of volunteers through NASA
to identify pulse structures. Volunteers learn to identify the pulse
structures, then they look at images on their own computers and classify
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them.

Our preliminary results suggest that these volunteers—also referred to as
citizen scientists—can quickly learn and recognize gamma-ray pulses'
complex structures. Analyzing this data will help astronomers better
understand how these mysterious bursts are created.

Our team hopes to learn about whether more gamma-ray bursts in the
sample challenge the previous short and long classification. We'll use the
data to more accurately probe the history of the universe through gamma-
ray burst observations.

This citizen science project, called Burst Chaser, has grown since our
preliminary results, and we're actively recruiting new volunteers to join
our quest to study the mysterious origins behind these bursts.

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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