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ABSTRACT

Monitor of All-sky X-ray Image (MAXI) is a Japanese X-ray all-sky surveyer mounted on the Inter-
national Space Station (ISS). It has been scanning the whole sky since 2009 during every 92-minute ISS
rotation. X-ray transients are quickly found by the real-time nova-search program. As a result, MAXI has
issued 133 Astronomer’s Telegrams and 44 Gamma-ray burst Coordinated Networks so far. MAXI has
discovered six new black holes (BH) in 4.5 years. Long-term behaviors of the MAXI BHs can be classified
into two types by their outbursts; a fast-rise exponential-decay type and a fast-rise flat-top one. The slit
camera is suitable for accumulating data over a long time. MAXI issued a 37-month catalog containing
500 sources above a ∼0.6 mCrab detection limit at 4-10 keV in the region |b| > 10◦. The SSC instrument
utilizing an X-ray CCD has detected diffuse soft X-rays extending over a large solid angle, such as the
Cygnus super bubble. MAXI/SSC has also detcted a Ne emission line from the rapid soft X-ray nova
MAXI J0158-744. The overall shapes of outbursts in Be X-ray binaries (BeXRB) are precisely observed
with MAXI/GSC. BeXRB have two kinds of outbursts, a normal outburst and a giant one. The peak
dates of the subsequent giant outbursts of A0535+26 repeated with a different period than the orbital
one. The Be stellar disk is considered to either have a precession motion or a distorted shape. The
long-term behaviors of low-mass X-ray binaries (LMXB) containing weakly magnetized neutron stars are
investigated. Transient LMXBs (Aql X-1 and 4U 1608-52) repeated outbursts every 200-1000 days, which
is understood by the limit-cycle of hydrogen ionization states in the outer accretion disk. A third state
(very dim state) in Aql X-1 and 4U 1608-52 was interpreted as the propeller effect in the unified picture
of LMXB. Cir X-1 is a peculiar source in the sense that its long-term behavior is not like typical LMXBs.
The luminosity sometimes decreases suddenly at periastron. It might be explained by the stripping of the
outer accretion disk by a clumpy stellar wind. MAXI observed 64 large flares from 22 active stars (RS
CVns, dMe stars, Argol types, young stellar objects) over 4 years. The total energies are 1034 − 1036 erg
s−1. Since MAXI can measure the spectrum (temperature and emission measure), we can estimate the
size of the plasma and the magnetic fields. The size sometimes exceeds the size of the star. The magnetic
field is in the range of 10-100 gauss, which is a typical value for solar flares.
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1. MAXI

MAXI is the fist astronomical mission on the ISS, and
started observation in August 2009 (Matsuoka et al.,
2009). MAXI is attached to the exposed facility of
the Japanese experiment module. Although MAXI does
not have any moving parts, it can scan the whole sky
because the ISS itself rotates with an orbital rotation
around the Earth. MAXI has two kinds of instru-
ments: the Gas Slit Camera (GSC, Mihara et al.,
2011) and Solid-state Slit Camera (SSC, Tomida et
al., 2011). GSC is a slit camera using a Xe-gas pro-
portional counter, and SSC is one using 32 X-ray CCD
chips. The field of view (FOV) of GSC is 3 degrees by
160 degrees. The 10 degrees on both sides around the
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rotational axis are partly obscured by the ISS structure
and we did not include those regions in the FOV. The
GSC utilizes large-area 1-D position-sensitive counters
and slat collimators with a slit. Particle background is
rejected by anti-coincidence, similar to Ginga/LAC and
RXTE/PCA. Twelve identical GSC cameras cover two
wide fields of view aimed in the horizontal and zenith.
Radiation belt monitors utilizing Si PIN diodes are in-
stalled in both directions.

The ISS orbits with a high inclination angle (i =
51.6◦). It passes SAA , and moreover, the high parti-
cle regions near polar auroral regions. The moderately
high (4-10 times higher than on the equator) particle
regions led to the damage of some proportional coun-
ters of MAXI. Therefore, we are not operating GSC at
higher latitudes than about 39 degrees. Although this
reduces the working time of MAXI by half, it can still
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cover the whole sky as it has two field of views.

2. ALL-SKY MAP AND CATALOG

Figure 1 is the 4.1-year all-sky X-ray image obtained
with the MAXI/SSC and MAXI/GSC. The three colors
(red, green, and blue) are X-ray images in soft (0.7-2 keV
SSC), medium (4-8 keV GSC), and hard (8-16 keV GSC)
bands, respectively. More than 500 sources as well as the
galactic ridge emission and faint diffuse structures are
detected. The 37-month GSC catalog at high galactic
latitudes (|b| > 10◦) was published by Hiroi et al. (2013).
In it, 500 sources were detected at > 7 σ with a limiting
flux of 0.6 mCrab in the 4-10 keV band. We identified
MAXI sources with the Swift/BAT 70-Month Hard X-
ray Survey Catalog (for AGN and galactic sources), and
Meta-Catalog of X-Ray Detected Clusters of Galaxies
(for clustera of galaxies). About 60% of the sources
were identified. More careful and precise localization is
needed.

In Figure 1, red sources are mostly supernova rem-
nants, orange ones are LMXB, and blue ones are mostly
binary X-ray pulsars. There are no green sources which
emit only 4-10 keV. Orange means emission in both low
and medium bands. Thanks to the deep exposure fainter
extra-galactic objects have become visible. For example,
the Cygnus super bubble was reported as a candidate
for a hyper nova remnant in our galaxy by Kimura et
al. (2013).

3. RAPID NOVA MAXI J0158-744

At 2011-11-11 05:05:59 (UT) MAXI detected a soft
bright transient in the high galactic region (MAXI
J0158-744, Morii et al., 2013). Most of the flux was
below 5 keV. The softness excluded any possibilities
of Gamma Ray Bursts (GRB), X-ray bursts on neu-
tron stars, flares of magnetars, and super-giant fast
X-ray transients (SFXT). Follow-up observations with
Swift/XRT identified it as a Be star at the distance of
the SMC (60 kpc). Our subsequent optical observations
identified it as a B1-2 IIIe star. At that point, the X-ray
luminosity was 1040 erg s−1m, exceeding the Eddington
luminosity for a one-solar-mass star by 100 times (Fig-
ure 2). The Energy spectrum from Swift (0.5 - 30 days)
were a blackbody with radius = 104 - 102 km, and tem-
perature = 60 - 110 eV. These parameters are similar
to a classical nova, but the time scale is 100 times faster
and the luminosity 100 times larger. The MAXI flare
corresponds to the initial fireball phase just after a nova
ignition, and Swift observations are the super soft X-ray
source phase (SSS phase). Compared to classical no-
vae, MAXI J0158-744 had an SSS phase which started
very early (before 0.5 days) and ended quickly (dura-
tion about 10 days). This implies that the mass of the
white dwarf (WD) is close to the Chandrasekhar limit
(1.4M⊙). Moreover, binaries consisting of a WD and a
Be star are rare, but exist as supersoft sources (Sturm
et al., 2014; Kahabka et al., 2006).

From the third point, which was observed by
MAXI/SSC, a strong emission line at 0.9 keV was de-

tected. It is considered to be an ionized neon line. If it is
of a thin thermal origin, it requires a very large volume
just after (1200 s) the explosion, which is impossible.
Considering a nova wind with a velocity gradient, a P
Cyg profile can explain the strong Ne line (Ohtani et
al., 2014).

4. DISCOVERY OF BLACKHOLES AND OTHERS

MAXI discovered six black hole candidates (BHC),
MAXI J1659-152, MAXI J1543-564, MAXI J1836-194,
MAXI J1305-704 (Morihana et al., 2013), MAXI J1910-
057/Swift J1910.2-0546 (Nakahira et al., 2014), and
MAXI J1828-249. The light curves from the discovery
are shown in Figure 7 of Mihara et al. (2014). MAXI
BHCs are faint. No bright outbursts exceeding 1 Crab
in 2-10 keV were observed, while they were often ob-
served with Ginga and RXTE (see Figure 3 in Tanaka
& Shibazaki, 1996). If the state transition is simply de-
termined by the Eddington ratio, those sources must be
10 times further than the Ginga novae. Moreover, there
seems to be two kinds of long-term variations after the
maximum in the MAXI BHs. One is a classical, fast-
rise and exponential-decay (FRED, Chen et al., 1997)
type of outburst and the other is a fast-rise and flat-top
(FRFT) type(see Figure 7 in Mihara et al., 2014).

Besides he BHs, MAXI discovered four LMXBs :
MAXI J0556-332 (Sugizaki et al., 2013), MAXI J1735-
304, MAXI J1647-227, and MAXI J1421-613 (Serino
submitted to PASJ), and one X-ray binary pulsar MAXI
J1409-619 (Yamaoka in prep.).

5. OUTBURSTS AND Be STELLAR DISK IN Be X-ray
BINARIES

MAXI monitors 33 BeXRB pulsars. Among them, 16
BeXRBs showed 41 outbursts. The light curves are
shown in Figure 3. See also the BeXRB monitor web
page1, which combines data from MAXI, Swift-BAT,
and Fermi-GBM. A Be X-ray binary pulsar is a binary
with a magnetized neutron star and a Be star (eg. Reig,
2011). The Be star is an almost maximum-rotating B
star (mostly B0-2, ∼10 M⊙). The shape is elongated
elliptically. The strong Hα emission line comes from the
surrounding stellar disk. It is a ”deccretion” disk, which
is accelerated from the stellar equator by non-radial pul-
sations and extends outwards by viscosity (Porter &
Rivinius, 2003). Usually the Be stellar disk extends fur-
ther, but in the case of BeXRB the neutron star sweeps
the Be disk and it is truncated at the distance of the
Lagrangian (L1) point at periastron. When the Be disk
extends close to L1, it is deformed to be one-armed, or
warped at the edge (Negueruela et al., 2001).

Two kinds of outbursts, a normal outburst and a gi-
ant outburst (GOB), were observed by MAXI. The peak
dates of the subsequent GOBs of A0535+26 repeated in
a different period (115 days) from the orbital one (111.1
days) as shown in Figure 4 (Nakajima et al., 2014).
MAXI also detected precursors before the GOBs. The
precursors were delayed in the same way as the GOBs.

1http://integral.esac.esa.int/bexrbmonitor
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Figure 1. 4.1-year all-sky X-ray image obtained with the MAXI/SSC and MAXI/GSC in 2009-2013. Red, green, and blue
colors are X-ray images in soft (0.7-2 keV SSC), medium (4-8 keV GSC), and hard (8-16 keV GSC) bands, respectively. The
exposure is not perfectly corrected.

Figure 2. X-ray and UV light curves of MAXI J0158-744
(Morii et al., 2013).

In other words, the separation between a precursor and
a GOB is constant at about 30 days ( = 0.27 in orbital
phase). If we understand the precursor and GOB to be
the two intersections of the Be stellar disk and neutron
star orbit, the Be disk is considered to have a preces-
sional motion. Otherwise, there is a possibility that the
Be disk is distorted in shape.

6. OUTBURSTS AND LONG-TERM BEHAVIOR OF
LOW-MASS X-ray BINARIES

The long-term behaviors of LMXB containing weakly
magnetized neutron stars are investigated. Transient
LMXBs (Aql X-1 and 4U 1608-52) repeat outbursts ev-
ery 200-1000 days (Asai et al., 2013). The luminosity
changes by 1.5 orders of magnitude, which is understood

by the limit-cycle of hydrogen ionization state in the
outer accretion disk. The accretion rate from the com-
panion star would be constant. However, the limit cycle
produces a change of the accretion rate inward. The
spectral state during an outburst changes from hard-
state to soft-state, and then to hard-state again. This
state is created by the inner part of the accretion disk,
depending on the accretion rate there. Moreover, Aql
X-1 and 4U 1608-52 have a third, very dim state. We
interpret it as the propeller effect in the unified picture
of LMXB by Matsuoka et al. (2009). Cir X-1 is a pe-
culiar source, in the sense that the long-term behavior
is not like typical LMXBs. Its nature comes from the
binary type, a Be binary with a weakly magnetized neu-
tron star. MAXI/GSC observed 21 outbursts from Cir
X-1. In seven outbursts, we found sudden luminosity
decreases at periastron. This cannot be explained by
either the decay of an outburst, or the propeller effect.
The stripping effect by a clumpy stellar wind of the com-
panion star at an outer accretion disk radius is possible
(Asai et al., 2014).

7. LARGE STELLAR FLARES

MAXI/GSC detected 64 flares from 22 active stars: ten
RS CVn systems, one Algol system, eight dMe stars, one
dKe star, one young stellar object and one K2 type vari-
able star (Tsuboi et al., 2014). The primary character-
istic of MAXI flares is their large size. MAXI measured
the 2-20 keV luminosity, the emission measure (EM), the
e-folding time, and the total energy emitted during the
flare, as 6 × 1030 − 5 × 1033 erg s−1, 1 × 1053 − 1 × 1057

cm3, 10 minutes to 3.5 days, and 1 × 1034 − 1 × 1039

erg, respectively. Although those values lie within the
distributions for their categories, the observed flares are
located at the most luminous part. Since MAXI obtains
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Figure 3. MAXI light curves of Be X-ray binaries displayed in flux order from top left to lower right. Taken from
http://maxi.riken.jp/BeLC

Figure 4. Light curves of A0535+26 around the periastron
(orbital phase = 0) with MAXI/GSC (4-10 keV in red) and
Swift/BAT (15-50 keV in blue) taken from Figure 2 in Naka-
jima et al. (2014). The orbital phase of giant outburst (GOB)
were delayed by 0.035 for each orbital cycle, i.e. the period
was 115 days instead of the 111.1 days of the orbital period.
There was a precursor at 0.27 orbital phase before the GOB
(green arrows on the X-axis). It was delayed in the same
way.

Figure 5. Temperature and emission measure of stellar flares
observed by MAXI/GSC. MAXI data are superposed on Fig-
ure 1 of Shibata & Yokoyama (1999) together with Feldman
et al. (1995) and Shimizu (1995). Marks of MAXI points are
indicated in the right side.

X-ray spectra, the temperature and EM are plotted in
Figure 5. MAXI flares are distributed on the line of
the same magnetic field (∼ 50 G) of solar flares and so-
lar micro-flares. The loop length is ∼ 1012 cm, which
exceeds the stellar size (∼ 1011 cm).

8. MAXI ARCHIVAL DATA

MAXI data are available at http://maxi.riken.jp/.
Users can make images, light curves, spectra of GSC
and SSC of any part of the sky at any time in the MAXI
observation through the on-demand page.
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