
Stellar Flares detected in Four Year’s Monitoring with MAXI/GSC

Yohko Tsuboi1, Masaya Higa1, Kyohei Yamazaki1, and MAXI Team,

1 Department of Physics, Faculty of Science and Engineering, Chuo University, 1-13-27 Kasuga, Bunkyo-ku,
Tokyo 112-8551, Japan

E-mail(YT): tsuboi@phys.chuo-u.ac.jp

Abstract

Since the operation started in 2009 August, All-sky X-ray monitoring with MAXI/GSC detected 64
flares from twenty-two active stars (ten RS CVn systems, one Algol system, eight dMe stars, one dKe star,
one Young Stellar Object and one K2 type variable star). The obtained X-ray luminosity in the 2–20 keV
band, the emission measure (EM), the e-folding time, and the total energy (Etot) emitted during the flare
range 6×1030–5×1033 ergs s−1, 1×1053–1×1057 cm−3, 10 minutes to 3.5 days, and 1×1034–1×1039 ergs,
respectively. The distribution of the derived properties shows that each category of the source is localized
in it, and the detected flares are the most luminous among their own categories; e.g. the EM, the LX, the
e-folding time and the Etot of dMe flares are smaller than those of the RS CVn flares, and the maximum
total energy of dMe flares is two order of magnitude smaller than that of RS CVn flares. We examined the
characteristics of the MAXI sources, and obtained some hints for the essential parameters which originate
such large flares.
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1. Introduction

Cool stars, which have spectral types of F, G, K, and M,
are known to show X-ray flares. The flares are charac-
terized by the fast-rise and slow-decay light curve, which
follows just after the rise and decay in the plasma tem-
perature. Such features are thought to arise as a conse-
quence of a sudden energy release and relaxation process
in the reconnection of magnetic fields on/around stellar
surfaces, speculated from numerous solar flare studies.

However, despite the numerous studies on flare stars
done by pointing observations, we cannot answer the fol-
lowing fundamental questions; how large flares can a star
have? and how large physical properties do such flares
have? The poor understandinds would come from the
fact that the larger flare occurs less frequently. In the
point of view, detecting such large flares with all-sky
survey is essential.

The Monitor of All-Sky X-ray Image (MAXI; Mat-
suoka et al. 2009) is a mission of an all-sky X-ray
monitor operated in the Japanese Experiment Module
(JEM; Kibo) on the International Space Station (ISS)
since 2009 August. It scans a source on the sky once per
92 min orbital cycle, and enables us to search for stellar
flares effectively. Here, we report the results of survey for
X-ray flares from stellar sources using the MAXI/GSC
data taken by the first four-years operation from 2009

August to 2013 August.

2. Observations and Results

The MAXI/GSC is an X-ray detector consisting of gas
proportional counters. The detector covers an energy
range of 2 to 30 keV. The use of the cameras ensures that
all-sky X-ray images are scanned twice by two different
directional cameras every 92 min in synchrony with the
ISS orbit. The GSC is capable of more sensitive detection
of stellar flares than any other all-sky monitor in the 2–
10 keV band. The spatial resolution is 1o.5 in FWHM.
The detailed performance of the GSC was described by
Sugizaki et al. (2011).

We have searched for flares from stars using the alert
system “nova search” (Negoro et al. 2010). The alert
system on the ground rapidly reports X-ray transient
events with a positional accuracy of ∼0.2◦ degree to as-
tronomers worldwide for further follow-up observations.
For a further search, we have created movies of GSC im-
age for each sky area segmented into circles of 10-degree
radii, setting the observation time of one day for one
shot. All the sky is covered with about 200 segments.

For the check of the source significance, we counted
the numbers of events in the 2–10 keV band in the cir-
cles (∼ 10 circles) with 1.5◦ radius around the transient
event. Here, the radius 1.5◦ corresponds to the HWHM
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(Half-Width Half Maximum) of the PSF (Point Spread
Function) of MAXI/GSC. We adopted the standard de-
viation of the measurements for the 1-σ background fluc-
tuation. We extracted the counts in the same X-ray
band in the circle with the same radius centered at the
transient event, and subtracted the average of the back-
ground counts. Dividing the resultant counts by the
background fluctuation, we obtained the source signif-
icance.

The 64 flares are confirmed with the significance larger
than 5-σ level. They are from twenty-two active stars
(ten RS CVn systems, one Algol system, eight dMe stars,
one dKe star, one Young Stellar Object and one K2 type
variable star). The property of the YSO (TWA-7) has
been already reported as Uzawa et al. (2011). The flares
from GT Mus, V841 Cen, SZ Psc and TWA-7, at least,
were the first detection in the X-ray band.

Figure 1 left panel shows an example of GSC light
curves in the 2–10 keV band. We fitted all the light
curves with a burst model (a linear rise followed by an
exponential decay). The distribution of the derived de-
cay times are shown in figure 2 left bottom panel, which
range from about 1 hour to 1.5 days. We also analyzed
X-ray spectra in flare phases. We fit the spectra with
an absorbed thin-thermal plasma model (wabs*mekal),
where the model parameters of the absorption hydrogen-
column density (NH) and the abundances of heavy ele-
ments are fixed to zero and the solar values, respectively.
We show the distribution of the derived properties also
in figure 2.

The obtained X-ray luminosity in the 2–20 keV band,
the emission measure (EM), the e-folding time, and
the total energy (Etot) emitted during the flare range
6×1030–5×1033 ergs s−1, 1×1053–1×1057 cm−3, 10 min-
utes to 3.5 days, and 1×1034–1×1039 ergs, respectively.
The distribution of the derived properties shows that
each category of the source is localized in it, and the
detected flares are the most luminous among their own
categories; e.g. the EM, the LX, the e-folding time and
the Etot of dMe flares are smaller than those of the RS
CVn flares, and the maximum total energy of dMe flares
is two order of magnitude smaller than that of RS CVn
flares.

3. Discussion

3.1. Detected Sources

We show a plot of the source distance vs. LX in fig-
ure 1 right panel. It implies that our detection limit is
roughly 10 mCrab in the 2–20 keV band. We can see
that all our sample except for GT Mus is located within
the distance of 100 pc. According to the catalog of ac-
tive binary stars (Eker et al. 2008), 256 active binaries
(e.g. RS CVn binaries, dMe binaries etc.) are known to
exist within the distance of 100 pc from the Solar sys-

tem. However, we detected flares from only dozens of
them. On the other hand, many of the detected sources
showed multiple flares in our observational span. These
demonstrate that in active stars, outstanding sources ex-
ist, which can be observed with MAXI/GSC, but the the
number of such sources are quite limited.

3.2. kT vs. EM and the Derived Loop Parameters

In figure 3, we show a log-log plot of plasma temperature
(kT ) vs. EM ; where the MAXI/GSC sources are shown
with filled symbols. The flares from solar flares (Feldman
et al. 1995) and solar microflares (Shimizu 1995) are also
plotted together. The open squares indicate the values
for active stars which have been obtained with pointing
observations. Our sample is located at the high-end of
the universal correlation which ranges widely over the
orders of the magnitude (Feldman et al. 1995, Shibata
& Yokoyama 1999). According to the theory of Shibata
& Yokoyama (1999), our sample has the similar intensity
of magnetic field to those detected on the Sun (∼15–150
G) but have much larger flare-loop sizes (∼1–150 R⊙)
than those on the Sun (< 0.1 R⊙). Since the typical
binary separation in our sample is 6–88 R⊙, the flare-
loops could be connected between two of the multiple
components. However, we should note that such large
flares are detected also from single stars, TWA-7 (Uzawa
et al. 2011) and YZ CMi. These stars are known to
have neither a stellar mass companion nor an accretion
disk. The possibility has been discussed in Uzawa et
al. (2011) that neither binarity nor accretion, nor star-
disk interaction is essential to cause strong flares, but
stellar magnetic activity alone can drive such energetic
flare events.

3.3. Stellar Radius vs. EM, Rotation Velocity vs. Total

Energy

We made the stellar radius vs. EM in the flare phase. If
we see only the MAXI sources, a positive trend is seen.

We also made the rotation velocity vs. total energy
released during the flare. The total energy is derived by
multiplying the LX by the e-folding time at the flare de-
caying phase. From the figure, we find that the MAXI
sample is concentrated at the region of the high rotation
velocity and the large total energy. Although the re-
lation between quiescent X-ray luminosity and rotation
velocity was shown by Pallavicini (1989) and subsequent
studies, such correlation obtained for the flare luminos-
ity has never been reported until now. Our work might
give the first indication, through an un-biased survey,
that stellar sources with higher rotation velocities release
larger total energies at the flare. The detail is given in
Yamazaki et al. (2014).

In order to further check whether the rotation veloc-
ity is a key to generate large flares, we made a histogram
of velocity vs. number of MAXI/GSC sources together
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Fig. 1. An example of the light curve (HR1099) (left panel) and a plot of the source distance vs. LX (right panel)

with those for X-ray-detected stellar sources within 100
pc. Then we found that the MAXI/GSC sources have
significantly larger rotation velocity than the other stel-
lar sources. This demonstrates that the sources with fast
velocities generate large flares (Yamazaki et al. 2014).

3.4. Spot Area vs. Total Energy

We made the spot area vs. total energy released dur-
ing the flare. We made it by plotting the MAXI flares,
solar flares, and “super flares” on G type stars (Notsu
et al. 2013), together. The former two are obtained in
X-ray band, but “super flares” are observed in the opti-
cal band. Then we plotted “super flares” by multiplying
a conversion factor of 1/10, which is obtained with the
largest solar flares. The plot showed that MAXI sources
have the largest Spot Area, and have the emitted energy
of as large as above 1035 ergs. A hint of universal cor-
relation from solar flares to flares detected with MAXI
is obtained. The detail would be shown in the separate
paper.
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Fig. 2. Distribution of the emission measure (top left), X-ray luminosity in the 2–20 keV band (top right), e-folding time (bottom left), and
total energy (bottom right). The shaded boxes indicate the properties are obtained only for the upper-limit.

Fig. 3. log-log plot of plasma temperature (kT ) vs.emission measure (EM) of X-ray flares overlaid with stellar flares, solar flares, and solar
microflares. The filled squares, filled diamond, filled circles and filled triangle show RS-CVn type stars, Algol, dMe stars and TWA-7,
respectively. The detail is shown in the text.
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