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Table 2. ATel reports summary: X-ray binaries in our Galaxy, LMC, and SMC.

Type Outburst State transition X-ray burst Superburst Brightening, Mailing list∗

New Known New Known darkening

BHC 6 6 (13)† 4 (5) 7 (14) — — 1 (19)
NS LMXB 4 13 (20) 0 3 3 6 8 (146)
Pulsar 1 18 (42) 0 0 0 0 3 (84)
SFXT 0 2 0 0 0 0 0 (9)
WD 1 0 0 0 — — 0 (3)
Unknown‡ 2(4) 0 0 0 — — 0 (10)

∗The numbers in parentheses are the numbers of e-mail alerts sent to the MAXI ML.
†The numbers and those in parentheses are the numbers of sources and telegrams, respectively, reported on to the ATel.
‡MAXI J1932+091 and MAXI J1619−383 are classified as “new/unknown” here. MAXI J0057−720 and MAXI J1807−228 are
“known/pulsar” identified as AX J0058−720 and “known/LMXB” as SAX J1806.5−2215, respectively.

4.5 Post-analyses

The alert system runs a Python script to generate a short
web report (“flash report,” developed at RIKEN and JAXA)
for each detected event. The report includes an image and
a light curve in a scan-by-scan, and accumulated images
corresponding to the triggered timescales. The reports for
the events sent to the ML are stored in the open-access
archive on the RIKEN website.14

A more precise source position with associated errors
and count fluxes, with and without the assumption of con-
stancy in the detected source flux, are obtained by unbinned
maximum-likelihood fits to source images with a model,
which consists of the detected point source, nearby point
sources if they exist, and backgrounds, taking the PSF of
the cameras fully into account. (Morii et al. 2010a; also
see Appendix of Morii et al. 2016). We usually include
these positions in GCN and/or ATel reports. We also inves-
tigate the past long-term activity of the source using an
on-demand analysis pipeline script (Nakahira et al. 2013b)
if necessary.15 The script also produces an energy spectrum
that is useful for investigating the nature of an unknown
source.

It takes a few minutes for each of these post-analysis
systems to generate the data for a short transient event, and
several minutes or more for an event that is detected based
on the data with a timescale bin of 1 or 4 d.

5 Results
With the nova-alert system, we have discovered 15 X-ray
transients until the end of 2015 March. We have reported
on 177 transient events detected with the system to the
ATel, and 63 burst events to the GCN circulars. Here, we
summarize observational results obtained with the nova-
alert system until the end of 2015 March. We summarize

14 ⟨http://www.maxi.riken.jp/alert/novae/index.html⟩.
15 ⟨http://maxi.riken.jp/mxondem/⟩.

Table 3. ATel and GCN reports summary: active

stars, AGNs, GRBs, and others.

Type ATel GCN Mailing list∗

Stars (total) 21 (28)† 1 (70)
dMe/dKe 8 (9)
RS CVn 8 (10)
Algol 1 (4)
YSO 1
Others 3 (4) 1

AGNs 6 (10) — (14)
GRBs 1 63
Unknowns 10

∗The numbers in parentheses are the numbers of e-mail alerts
sent to the MAXI ML.

†The numbers and those in parentheses are the numbers of
sources and reports, respectively.

the number of ATel and GCN reports by category in tables
2 and 3. (For individual objects, see tables 6–8 in appendix
2.) For detailed scientific results obtained with MAXI data,
such as the nature of individual objects, we cite published
papers rather than describing the results in detail here. We
briefly describe some scientific results which have not yet
been published in subsection 5.3.

Before presenting those scientific results, we briefly sum-
marize statistics of the events detected with the nova-alert
system in the following subsection.

5.1 Detection limits and positional accuracy

The nova-alert systems have detected time variations of var-
ious celestial objects. For instance, in three years from 2012
to 2014, the systems detected seven Burst events, 361 Alert
events, and 3274 Warning events. Note that these are real
events where fake events are not included. Since about half
of the events are detected in both the systems, the systems
have detected on average net 0.2 Alert events and 2 Warning
events every day.
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17 X-ray Novae MAXI discovered	


 J1659-152	


J1543-564	


 J1836-194	


J1305-704	


J1910-057 

  J1828-249	


1 White Dwarf, 6 Neutron Stars, 6 Black Hole Candidates, and 4 unknowns/unconfirmed	


J1647-227	


J0556-332	

 J1409-619	


GRB 121225A 
(Sw J1741.5-6548) 

J1735-304	


 J1421-613	

J1932+091 J1619-383	


J1957+032 

J0158-744 

J1501-026	


(1 White Dwarf, 9 probable Neutron Stars, 6 Black Hole Candidates, and 1 quite unknown)	




Discovery Rate	
14 Publications of the Astronomical Society of Japan (2016), Vol. 00, No. 0

Fig. 8. 2–10 keV GSC light curves of black hole candidates (upper panel) and other transients (lower panel) newly discovered by MAXI. The curves
are generated from 1 d public archival data at RIKEN, except for that of MAXI J1735−304 which was made with the on-demand analysis. For sources
on the Galactic plane, the excess baseline counts due to the Galactic X-ray ridge emission were subtracted, being estimated from the data before
or after the outbursts. Some data are rebinned using up to 30 d bins as the detection significance should be more than 5σ level if there is no time
gap. Only more than 3σ detection data are shown. Note that 0.285 count s−1 cm−2 corresponds approximately to 100 mCrab. To avoid complexity,
the curves have different colors (see color print or electric version), and MAXI J0158−744 is shown with the diamond mark.

Fig. 9. X-ray image of GRB 121225A for one scan, obtained with GSC.
The scanning time at the center of the image is 09:50 on 2012 December
25. The circular and the box regions show 90% confidence level error
regions with and without the assumption of the constancy of the
source flux, respectively. The small diamond indicates the position of
Swift J1741.5−6548.

Fig. 10. X-ray image of MAXI J1735−304 obtained with GSC on 2013 May
24. The large error circle indicates an error region from MAXI obser-
vations. The small circle region represents the FOV of the Swift/XRT
follow-up observation by Bahramian et al. (2013). The small diamond
indicates the position of Swift J1734.5−3027.
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~0.9 BHCs/yr	


~1.3 NSs/yr 
~0.3 others/yr	


Hereafter 
only two faint BHCs 
were found by  
INTEGRAL..	


100 mCrab	




6 Black Hole Candidates	


 J1659-152	


J1543-564	


 J1836-194	


J1305-704	


J1910-057 
(Swift J1910.2-0546) 

  J1828-249	




bold : mass estimated XNe grey : recursive XNe

26 New Novae / 20 yr 
= 1.3 yr-1 

Negoro 2008 
MAXI Workshop	


34 New Novae / 20 yr 
= 1.7 yr-1 
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Fig. 1. XNe discovery history of the last 20 years. The sources written in bold font are mass-determined BHCs. The font size shows the
grade of BHCs (see table 1–2).

and have been in use. Recurrent outbursts are omitted.
In the last 20 years, 29 black hole transients have been
found. The discovery rate is about 1.5 per year. Of
course, each source was found with various instruments
in various energy bands and with various detection lim-
its. In fact, about 2/3 XNe were found with Ginga/ASM
(GA) and RXTE/ASM (RA), and some others were
found by pointing observations to the Galactic center re-
gion with RXTE/PCA (RP) and Granat/SIGMA (GS).
Interestingly, however, the discovery rate is roughly con-
stant.

This might be due to the large X-ray flux during the
outburst. For instance, the flux at the first detection
with RXTE/ASM, mainly reported to the IAUC and The
Astronomer’s Telegram, were 20 ∼ 200 mCrab above the
detection limit of ∼ 20 mCrab.

3.2. Distribution of the BHCs on the Galactic Plane
Many BHCs are, however, located relatively close to the
solar system. Figure 2 shows the geometric distribution
of the 38 BHCs of which distances have been estimated
on the Galactic plane. The distances to the sources in
the direction of the Galactic center are unknown. Energy
spectra of these sources are often heavily absorbed so
that the sources are assumed to be near the Galactic
center. Here, the sources less than 10 degrees apart from
the center are adequately plotted near the center except
for H 1705–250 and GRS 1716–249. V4641 is also likely
to be such a Galactic center source though the source is
plotted behind the center region.

It can be seen from the Fig. 2 that many BHCs are lo-
cated near the Galactic center (∼ 15 BHCs) and near the
solar system (∼ 11 BHCs within 4 kpc, and ∼ 15 within
6 kpc). Relatively long distance sources more than 6

kpc apart, except for the Galactic center ones and GRS
1915+105 and XTE J1859+226, are all bright, and/or
persistent-emission sources found before 1987, the Ginga
launch. About half of the Galactic center sources have
been found by pointing observations, i.e., deeper obser-
vations. This implies that most XNe (BH transients)
recently discovered are outbursts near the solar system
and near the Galactic center, and that the discovery rate
is limited mainly by the detection limit of the previous
detectors.

3.3. Expected Discovery Rate of X-ray Novae with MAXI
MAXI with a much higher sensitivity will be able to ob-
serve a more extended region of our Galaxy and a deeper
area near the Galactic center, compared with the previ-
ous all-sky monitors. The increase of sensitivity by one
order of magnitude translates to a 3 times larger observ-
able distance and to an about 10 times more extened
scannable region (not volume). (Note that most BHCs
are in the Galactic plane.)

If the observable distance has been limited to 3–5 kpc
previously, then MAXI will be able to observe a 9–15
kpc distance, which corresponds to more than half the
area of our Galaxy. MAXI/GSC having sensitivity up-to
30 keV will most certainly be helpful when looking for
heavily absorbed, embedded sources near the Galactic
center and in far distant region as Granat/SIGMA and
CGRO/BASTE. Current simulation results also support
this (Tomida, private comm.).

Taking into account the extension of observable region
and the star distribution in our Galaxies, and also fre-
quent scanning of the Galactic center region, an expected
discovery rate of XNe with MAXI is optimistically 5–10
times higher than before: 1.5 BHCs/yr × 5–10 ∼ 7.5–15
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Peak Fluxes of  BH Outbursts	


data are mostly from Corral-Santana et al. 2016	
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Neutron Star Binaries	
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Galactic High Latitude Sources	
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LMXB data are from Lui et al. 2007	
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Soft X-ray Transients & Unknown	
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Soft X-ray Transients & Unknown	
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Figure 2. Energy spectra of MAXI J0158−744 observed by MAXI. Top left: Crosses are the GSC-H spectrum at the scan of +8 s. The histogram is the best-fit
blackbody model (Table 2). Top middle: crosses are the SSC-H spectrum at the scan of +220 s. The histogram is the best-fit blackbody model (Table 2). Top right:
crosses are the SSC-Z spectrum at the scan of +1296 s. The histogram is the best-fit blackbody + Mekal model with parameters shown in Section 3.2.2. The Mekal
component is shown by a dotted histogram. All the spectra are plotted binned with a minimum of five counts per energy bin. Backgrounds are subtracted. Bottom: the
residuals of the data from the models. Error bars, 1σ .

concentric circle and annulus centered at the target as the
source and background regions, respectively. The radius of
the source circle was set to 1.◦8. The inner and outer radii of
the background annulus were set to 2.◦2 and 3.◦5, respectively. In
both these regions, we excluded a circular region with a radius
of 1.◦5 centered at a near-by bright X-ray source, SMC X-1
(Figure 1(b)). The spectrum and response files were made by the
method described in Nakahira et al. (2012). The energy spectra
obtained by the GSC Scan-ID M+0 are shown in Figure 2 (left).
We rebinned the data with a minimum of 1 count per energy
bin and applied Cash statistics (Cash 1979) in the fit. We used
XSPEC v12.7.1 for the spectral analysis.

Since the location of this source is near the SMC, the
interstellar absorption by the total Galactic H i column density
toward this source, NH , and optical extinction E(B − V ) are
expected to be small. Thus, we fixed them for the following
X-ray and optical spectral analysis. Two plausible different NH
values are obtained from the HEASARC Web site:211.36 ×
1021 cm−2 by using the Leiden/Argentine/Bonn (LAB) map
(Kalberla et al. 2005) and 4.03 × 1020 cm−2 by using the DL
map (Dickey & Lockman 1990). The corresponding optical
extinctions E(B − V ) are 0.28 and 0.084 mag, respectively,
derived by using the relation with the H i column density (Bohlin
et al. 1978). On the other hand, the map of dust infrared emission
(Schlegel et al. 1998) suggests E(B − V ) = 0.050, which is
closer to that from the DL map. Therefore, we used the latter
NH value, 4.03 × 1020 cm−2, for the interstellar absorption. In
the following analysis, unabsorbed flux is corrected only for the
interstellar absorption.

We fit the GSC X-ray spectrum with absorbed blackbody,
power-law, thermal bremsstrahlung, and Mekal (Mewe et al.
1985) models from 2.0–10.0 keV with NH fixed to 4.03 ×
1020 cm−2; the results are shown in Table 2. The spectrum
is statistically consistent with all the models. Adopting the

21 http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl

NH value of LAB map increases the unabsorbed flux by 2%
from that using DL map. However, the difference in the spectral
parameters and unabsorbed flux, when they are compared with
the statistical uncertainty, are negligibly small.

3.2. Data Analysis of MAXI SSC

After the first detection of MAXI J0158−744 with the MAXI
GSC scan at +8 s, MAXI SSC detected this source twice, as
shown in Table 1. Before +8 s, MAXI J0158−744 was below
the SSC detection limit of ∼200 mCrab in each night scan. For
the spectral analysis, we selected the source regions as shown
in Figure 1(c) and reduced the SSC events in the same way as
Kimura et al. (2013). While the second SSC detection at +1296
s was done at night in the orbit, the first SSC at +220 s was done
at the day-time. Since the SSC daytime data were contaminated
by the visible and infrared light from the Sun (Tsunemi et al.
2010), we have to be careful of the analysis of the +220 s scan
data. We estimated the area suffering from the contamination
based on the event distribution, which led to the conclusion that
63% of the source area was not suitable for the spectral analysis.
We thus used data from the remaining 37% area in the analysis.

The energy spectra obtained by the SSC scans at +220 s
and +1296 s are shown in Figure 2 (middle, right). In the
latter spectrum, since emission lines seemed to be present, we
analyzed the SSC spectra by following the method shown in
“low count spectra” of the XSPEC wiki site.22 To avoid losing
information on emission lines as a result of the spectral binning,
we did not bin the data and applied Cash statistics (Cash 1979)
to the fits. We fit the source spectra with a model consisting of
a source and a background component. Here, the background
model was analytically described to approximate the actual
background spectrum in 0.7–7.0 keV. It was constructed by
averaging the two-year SSC data weighted with geomagnetic
cut-off-rigidity, because the background events are caused by

22 https://astrophysics.gsfc.nasa.gov/XSPECwiki/low_count_spectra
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Future Works	
   Use of  longer time (16, 32 days) bins 
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Summary	

  MAXI has discovered 17 X-ray transients. 
  6 BHCs, (6 or) 9 NS binaries, 1 SSS, and (4 or) 1 unknown 

  Are we observing distant BHCs in our Galaxy ?  
  Yes. Probably, more than 10 kpc distance  
  But, fewer than expected. Because .. 

  No bright XNe for > 7 yrs, and No XNe for ~3 yrs 
  But, recurrent XNe were detected.  

  Are we observing LMXBs wandering in halo ? 
   Yes. But, we need more statistical study to obtain firm 

conclusion. 

  Short Soft X-ray Transients are very interesting. 

  More faint XNe will be detected soon by using longer time 
bins. 


