
Classification of Gamma-ray Bursts using Zooniverse

T. Sakamoto,1 T. Numata,1 V. Pal’shin,1 M. Serino,1

1 Department of science and engineering, Aoyama Gakuin University, 5-10-1
Fuchnobe, Chuo-ku, Sagamihara, Kanagawa 252-5258, Japan

E-mail: tsakamoto@phys.aoyama.ac.jp

Abstract

The purpose of this study is to classify gamma-ray bursts (GRBs) from the characteristics of temporal
structures of prompt GRB emissions. We used GRBs detected by the Swift BAT and created light curves
of the prompt emission. For the classification of a prompt emission, we created and published a framework
to classify the lightcurves using Zooniverse, which is the most popular web site for the citizen science.
Based on the classification, we will investigate a correlation between the temporal characteristics of a
prompt GRB emission and a complex X-ray afterglow light curve.
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1. Common relationship between prompt and afterglow?

The prompt emission of gamma-ray bursts (GRBs) has a
distinct characteristics such as a duration, a variability, a
peak flux, a fluence, Epeak and so on. On the other hand,
X-ray afterglow also has a distinct characteristics in the
flux decay (e.g., a shallow decay). However, a common
characteristics which connects a prompt emission and an
X-ray afterglow has not been investigated deeply.
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Fig. 1. The light curves of the prompt emission observed by the Swift

BAT (left) and the X-ray afterglow observed by the Swift XRT

(right) for GRB 050315, GRB 050502B and GRB 050826.

2. Event classification by Zooniverse framework

The Zooniverse (zooniverse.org) is the web interface en-
ables non-experts to help looking through the data and
classify the events. One of the successful project, Galaxy
Zoo (galaxyzoo.org), aims to identify the shapes of galax-
ies by volunteers. In many cases, human in better
than a machine for distinguishing a complex structure
(Schwamb 2014).

We generated the framework to classify a light curve
of a prompt emission using the Zooniverse interface.
Based on the classification, we will correlate the clas-
sified events based on a prompt emission properties to
the X-ray afterglow characteristics.

Fig. 2. Various projects exist in the Zooniverse web site (left). The

cover page of the Galaxy Zoo project. More than 20,000 valun-

teers already provided their inputs to the Galaxy Zoo project.

3. Flowchart of questions

Fig 3 shows the flowchart of questions implemented in
the Zooniverse interface to classify GRBs. At first, we
question about a number of episodes seen in the light
curve. Then, the questions expend to a number of pulses
and its pulse profile. For a user to understand and answer
the questions appropriately, we added a schematic figure
of a light curve in the question box (see Fig 4).

4. Results

We showed the examples of the classifications for two
GRBs based on twelve volunteers. Ten people classified



Fig. 3. Flowchart of the questions. The questions are composed of a

number of episodes and pulses seen in the entire GRB light curve

and a pulse profile for a single pulse GRB.

Fig. 4. A screenshot of the GRB light curve classification web page

at the Zooniverse. The left panel shows a light curve to classify

and the right panel displays a question. A user can answer to the

question just by clicking an appropriate box.

GRB 050219B as a GRB with one episode and two pulses
(Fig 5). For GRB 041228, most of the people agreed as a
single episode GRB. However, there were no agreement
in a number of pulses (four people classify as two pulses,
two people classify as three pulses and three people clas-
sify as pulses that are not countable, Fig 6). Therefore,
we need to either improve a question flow or increase a
number of results to obtain a robust classification.

5. Future

We will upgrade the light curve plot to be more user-
friendly and improve the web page for users to classify
GRBs more easily. We would like to make the web page
available to the public to collect the classified data from
many volunteers.
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Fig. 5. The BAT light curve of GRB 050219B (top). The result of

the classification of GRB 050219B (bottom).

Fig. 6. The BAT light curve of GRB 041228 (top). The result of the

classification of GRB 041228 (bottom).


