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Abstract

Various transient phenomena on a timescale ranging from seconds to days appear at

unexpected sky positions in X-rays. MAXI, Monitor of All-sky X-ray Image, on the Inter-

national Space Station has been monitoring about 95% of the sky a day and has detected

transient objects since 2009 August. Here, we describe quasi-real-time data processing

systems of MAXI and a subsequent nova-alert system to find transient objects, and

present the capabilities for the nova-alert system to detect transient events with excess

fluxes from �80 mCrab in a single scan transit to �8 mCrab for 4 d, and to send prompt

alert information to the world in less than 30 s after the onboard detection of a burst,

making the best use of the International Space Station (ISS) real-time network. We also

report on highlights of scientific results obtained with the system until the end of the

first extended mission phase, 2015 March. Including 15 X-ray novae solely or indepen-

dently discovered, we have reported on 177 transient phenomena, such as X-ray bursts,

outbursts, and state transitions of X-ray binaries and X-ray flares from active stars and

blazars, via the Astronomer’s Telegram, and on 63 burst phenomena of other types via the

Gamma-ray Coordinates Network. We summarize the results of these transient sources

and phenomena focusing on the detections with the nova-alert system, and some new

transients yet unpublished or requiring attention.

Key words: galaxies: active — gamma-ray burst: general — stars: variables: general — X-rays: binaries —

X-rays: general

1 Introduction

MAXI, Monitor of All-sky X-ray Image (Matsuoka et al.

2009a, hereafter M09), is the first payload attached to the

Exposed Facility (EF) of the Japanese Experiment Module

(JEM), Kibo, on the International Space Station (ISS).

MAXI is also the first astronomical mission on the ISS,

and a unique modern X-ray observatory only for the all-

sky X-ray survey.

After the X-ray All Sky Monitor on the Ginga satellite

(Ginga/ASM, Tsunemi et al. 1989) and the All-Sky Monitor

on the Rossi X-ray Timing Explorer (RXTE/ASM, Levine

et al. 1996), which worked until 2012 January 5, MAXI

has been the only all-sky X-ray monitor in the soft

X-ray band. INTEGRAL/JEM-X (Lund et al. 2003;

Westergaard et al. 2003) also has a wide field of view, but

it hardly observes all the sky. Very recently, ASTROSAT

(Singh et al. 2014) was launched on September 28, and

its all-sky monitor, the Scanning Sky Monitor (SSM), has

just started its operation. On the other hand, the cur-

rently operating INTEGRAL/IBIS (Mereghetti et al. 2003),

Swift/Burst Alert Telescope, BAT (Gehrels et al. 2004;

Krimm et al. 2013b), and Fermi/Gamma-ray Burst Mon-

itor, GBM (Meegan et al. 2009; Case et al. 2011) are
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all for the detection of transient events in the hard X-ray

band, mainly to detect gamma-ray bursts (GRBs). There-

fore, MAXI has played an important role in finding tran-

sient objects and monitoring the sky in the soft X-ray band.

In the soft X-ray sky, there are various transient events

on various timescales, e.g., X-ray bursts, prompt and after-

glow emission of GRBs, X-ray flares from young stellar

objects and main sequence stars, fast X-ray flares from

neutron-star and massive-star binaries (e.g., Supergiant Fast

X-ray Transients, SFXT), X-ray outbursts and state transi-

tions of black hole candidates and neutron stars, and active

galactic nuclei (AGNs) flares. MAXI, with the highest sensi-

tivity of all-sky-monitors to date and the quasi-continuous

real-time ISS network, can provide fast alert informa-

tion useful for multi-wavelength follow-up observations for

these events.

The real-time monitoring by scanning the sky from the

ISS requires data processing systems that are different from

those of previous X-ray satellites. We designed the ground

software system in around 2000, taking account of the

fast development of computer technologies (Negoro et al.

2004). The MAXI data processing system consists of the

following four components: (i) data processors (DPs) in

orbit; (ii) the data storage and processing system (MAXI

database, hereafter MAXI-DB); (iii) the (X-ray) nova-alert

system consisting of a real-time transient monitor (nova-

search) and an alert system at JAXA’s Tsukuba Space

Center (TKSC/JAXA); (iv) the public data archival system

at RIKEN.1 Here, we describe these data processing sys-

tems to find various transient events, and summarize their

five-year scientific results.

MAXI has two kinds of X-ray cameras: the Gas Slit

Cameras (GSC) with a field of view of 1.◦5 × 160◦ (Mihara

et al. 2011a; Sugizaki et al. 2011), and the Solid-state Slit

Cameras (SSC) with a field of view of 1.◦5 × 90◦ (Tsunemi

et al. 2010; Tomida et al. 2011). SSC has two-dimensional

CCD cameras, but only one positional information of the

CCD chips is used in the ordinary operation. GSC and

SSC data hence can be treated in the same manner in the

context of this paper. However, here we mainly describe

the systems for GSC, because SSC data suffer from various

background effects and it has been difficult to use the data

for the transient search. The SSC alert system has also been

under development, as described in Fukushima et al. (2014).

MAXI was successfully launched with the space shuttle

Endeavour on 2009 July 15 (UT), and loaded onto the JEM

of the ISS. After the X-ray cameras were turned on during

2009 August 11–18, MAXI has continuously monitored

about 85% of the sky every ∼92 min, and more than 95%

in a day (Sugizaki et al. 2011). Each region of the sky is

1 〈http://maxi.riken.jp〉.

observed once or occasionally twice in one ISS orbital cycle,

and typically 16 times in a day. The scanning duration

for a point source is 40–150 s depending on the source

acquisition angle (see figure 8 in Sugizaki et al. 2011).

In the following section, we describe data transmission

from the ISS to the ground, which limits the prompt alert

notification using the ISS network. The functionalities of the

MAXI-DB and the position determination method for each

photon are described in section 3. In section 4, the real-time

transient monitor and alert system are explained in some

detail. More detailed information on the development can

be found in previous papers (Negoro et al. 2004, 2008,

2010a). Finally, the summary of transient events detected

and some examples, already reported onto The Gamma-

ray Coordinates Network (GCN) and/or The Astronomer’s

Telegram (ATel), are shown in section 5

2 Data transmission from the ISS

2.1 Network and network interfaces

The on-board DP compiles MAXI data, and transmits to the

NASA ground stations through the relay satellite, Tracking

and Data Relay Satellite (TDRS), which is referred to as the

NASA link (figure 1). The ICS (Inter-orbit Communication

System) link through the Data Relay Test Satellite (DRTS)

was also available (see also Ishikawa et al. 2009 for more

detail), but most data have been downloaded through the

NASA link.

MAXI uses two network interfaces on the ISS: low-speed

Mil-1553b and medium-speed (med-speed) Ethernet. Data

with full information, for instance, 64-bit GSC event data

and house-keeping data (Mihara et al. 2011a), are trans-

mitted via the med-speed interface. The identical, but lim-

ited by an energy range (e.g., 2–20 keV), 64-bit data are

transmitted also via the low-speed interface as a redundant

system. However, since the low-speed interface has a lim-

ited transfer rate of usually 50 kbps, which is 1/5 of that of

the med-speed interface, degraded 32- or 16-bit GSC event

data with the time resolution of 1 s instead are transmitted

in some cases via the low-speed interface.2

When both the relay satellites are available, data using

the low-speed interface (hereafter, 1553b data) are trans-

mitted in parallel through both the NASA and ICS links,

whereas data through the med-speed interface (Ethernet

data) are transferred through the alternative link. On the

other hand, when none of the relay satellites is available,

data through both the interfaces are stored on the on-board

data recorders, i.e., the High Rate Communication Outage

Recorder (HCOR) for the NASA link and/or the High Rate

Data Recorder (HRDR) for the ICS link. Basically, the

2 In reality, the 16-bit GSC event data mode has not been used yet.
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Fig. 1. Schematic view of the data-flow from MAXI to the ground soft-

ware systems. Abbreviations not given in the main text are APS (Auto-

mated Payload Switch) and USOS (Uni States Orbital Segment).

low-speed interface is available most of the time and robust.

Our nova-alert system uses the 1553b data via the low-

speed interface in order to maximize the chance of detecting

potential transient events, even though it means that the

data quality of each event is sometimes degraded.

All the data are downloaded and stored in a database in

the Operations Control System (OCS) at TKSC/JAXA, and

transferred to our MAXI databases for 1553b and Ethernet

data (separate databases for security reasons) in the User

Operating Area (UOA), passing through a one-way data

transfer system.

2.2 Time delay

It takes about 3–5 s to transmit real-time 1553b data from

the X-ray detection to the MAXI-DB system on the ground:

the DP compiles the data to the MIL-STD-1553b message

formats every second, and sends them to the JEM payload

bus. The Payload Data Handling Unit (PDH) collects the

payload data every second. It takes further a few seconds to

reach the OCS from the PDH. Ethernet data are promptly

sent to the Payload Ethernet Hub/Gateway (PEHG), with

Fig. 2. Frequency distributions of the transmission time of 1 s telemetry

(experiment) data from MAXI to the MAXI-DB at TKSC using the 1553b

interface (upper panel) and their cumulative distributions (lower panel).

Data were obtained on 2009/09/15–20 (solid line), and on 2010/09/15–21

(dashed line). The transmission time is estimated from the time differ-

ence between the DPTC time (1 s unit, subsection 3.2) of the telemetry

data and time stamp of the files saved in the MAXI-DB, resulting in 1 s

ambiguity.

a transmission time that is faster than the 1553b data by a

few seconds. It then takes less than 1 s for the MAXI-DB

system to obtain the data from the OCS.

Figure 2 shows the observed frequency distributions of

the arrival time delay of 1553b telemetry data. About 70%

of data are transferred as real-time data during the real-

time contact with the ground. The data obtained outside of

the contact are temporarily stored in the HCOR on the ISS

(referred to as the COR data), and are eventually sent to the

ground in the next contact, resulting in a secondary peak at

around 3000–5000 s in the distributions. Delays from 10 s

to 1000 s, which were hardly seen at the beginning of the

operation in 2009 (solid line), were due to traffic jams in

recording the real and COR data that were rushing into the

MAXI-DB simultaneously.3

3 MAXI database system

3.1 Functionality and structure

In this section, we briefly describe the MAXI-DB (data

storage and processing) system and its functionality. The

MAXI-DB is not simply a database for storing the data, but

also has the functionality to retrieve, process, and deliver

the data (Negoro et al. 2004, hereafter N04). The main

3 The situation deteriorated until the problem was fixed in 2015 November.
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parts of the system are designed at RIKEN, and coded in

Java by SEC.4 Some parts which process the data are in the

C language in order to use, for instance, NASA’s HEAsoft

libraries.5 The database management system (DBMS) used

is PostgreSQL.6

The MAXI-DB involves a “photon-event” database

using the DBMS (N04). Simple camera design consisting

of the collimator and one-dimensional detectors of MAXI

(M09) enables us to determine the direction of each

incoming X-ray photon. Being different from other astro-

nomical databases, the MAXI-DB stores all the data in

the database, and does not include any tags or links to

external files out of the database. This is mainly because

X-ray photon data of an object are saved in many separate

telemetry files because of the scanning observations. In the

MAXI-DB, each X-ray photon event is stored as one data

record in the database. With the help of the index function-

ality of the DBMS, any data required to issue prompt alerts

can usually be retrieved from all the stored data sets in less

than 1 s.

3.2 Real-time processing and position

determination

The MAXI-DB receives 1 s telemetry data from the OCS

every second, and decomposes the data into individual data

components, which include not only raw X-ray event data,

but also attitude information calculated from the on-board

Visual Star Camera (VSC) and three-axis Ring Laser Gyro

(RLG) (Ueno et al. 2009), and time information from the

on-board GPS. All the decomposed data are stored into the

PostgreSQL database in less than one second.

For each X-ray event, the detection time, energy, and

incoming direction are promptly calculated in the MAXI-

DB by using the decomposed data and calibration data. The

calibration data are based on ground calibration experi-

ments and flight data (Sugizaki et al. 2011).

For GSC data, the positional accuracy determined in that

way is basically the same as that of the public data prod-

ucts at RIKEN, currently 0.◦1 (90% containment radius).

The precise time of the data, however, cannot be obtained

in real time because the GPS signal necessary for the cor-

rection sometimes cannot be obtained in orbit and because

jitters of the GPS clock and the on-board free-run clock

counter (Mihara et al. 2011a) result in an ambiguity of 1 s.

Thus, the trigger time in UTC described in e-mail notifi-

cations (subsection 4.4) is calculated by assuming that the

DPTC time is equal to the GPS time, even though the DPTC

4 Systems Engineering Consultants Co., Ltd.

5 〈http://heasarc.gsfc.nasa.gov/lheasoft〉.

6 〈http://www.postgresql.org〉.

time and GPS time have a discrepancy (of at most 24 s on

2012 July 12).7 However, those reported onto the GCN or

the ATel usually achieve an accuracy of less than 1 s after

extrapolation from the past timing data is applied.

Each photon direction typically has errors of 1.◦5 in the

scan direction and ∼2◦ in its orthogonal direction at full

width at half-maximum (FWHM), corresponding to the

point spread function (PSF) of the camera. We define the

direction of each photon as the center of the field of view

(FOV) at the detected position on the detector. As a result

of this definition, the photons from a single source detected

in a 1 s long observation window yield a shape of a straight

line orthogonal to the scan direction in the resultant image.

We note that for a very short burst event compared to

the scan duration the error in the scan direction can be very

large because the incident angle of detected photons to the

scan direction is limited only by the slat collimator and the

detector has no positional sensitivity to the scan direction

orthogonal to the direction of carbon wires in the detector.

In the worst case, such as those with a duration of less

than a few seconds, the error is up to 3◦ independently of

the intensity [some examples are presented in Morii et al.

(2010a) and Serino et al. (2014a)].

The resultant processed X-ray event data are sent to the

following nova-search systems, about 4 s after the MAXI-

DB receives the telemetry data. The processed data are also

simultaneously stored in the database.

4 The nova-alert system

By using the processed data described in subsection 3.2,

a transient event search is sequentially performed on the

(X-ray) nova-alert system on the ground. The nova-alert

system consists of a real-time transient monitor (hereafter,

nova-search) and an alert system (Negoro et al. 2010a). The

nova-search system finds possible transient events judging

from count increases in sky-map pixels, and sends the infor-

mation to the alert system. The alert system checks the

confidence of the events, and sends an e-mail alert notifica-

tion to MAXI duty scientists and subscribers to the MAXI

mailing list (ML).8 These systems have been developed at

Nihon University with the support of JAXA and RIKEN.

4.1 Nova-search system as a real-time X-ray

monitor

A nova-search program receives event data from the MAXI-

DB every second when the data are being downloaded, and

7 Data Processor Time Counter: DP clock counter incremented every second, ini-

tialized by the GPS clock. DPTC can be converted to UTC with an accuracy of 50 μs

on the ground a few days after the observation.

8 We have the following five MLs: AGN, Nova-cv, Supernova, X-ray-star, and

New-transient. See 〈http://maxi.riken.jp/mailman/listinfo〉.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/p
a
s
j/a

rtic
le

/6
8
/S

P
1
/S

1
/2

4
7
0
1
4
1
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2

http://heasarc.gsfc.nasa.gov/lheasoft
http://www.postgresql.org
http://maxi.riken.jp/mailman/listinfo


S1-6 Publications of the Astronomical Society of Japan (2016), Vol. 68, No. SP1

Fig. 3. Example of a false-color (1 d) X-ray all-sky image produced by the

nova-search system. Such an image is produced every orbit, 4 orbits,

1 d, and 4 d using data of the latest time bins of the corresponding

timescale bins. Source activities including spectral changes are moni-

tored through the web interface, MAXI All-Sky Image Viewer (MASIV).

accumulates the data into curved-surface pixels on the celes-

tial spherical coordinates, partitioned with the HEALPix

library (Górski et al. 2005). Each pixel covers the same sur-

face area as every other pixel. The program performs timing

analysis to detect a transient event and draws the sky-map

using the accumulated data. Also, processes for receiving

and saving data are run in parallel using the PTHREAD

library (Saito 2008) and the GThread library in GTK+
(Ozawa 2011).9

The number of spherical surface pixels is 12 × 642

= 49152 (the HEALPix NSIDE parameter is 64), and the

corresponding spatial resolution is about 0.◦91, about half

of the FWHMs of the PSF of GSC. MAXI scans the sky at a

rate of 0.◦017–0.◦065 s−1 and the scan duration for a point

source is 40–150 s (depending on the acquisition angle β,

see Sugizaki et al. 2011). A larger number of pixels yield

better spatial resolution of the sky image, but a smaller

number of photons are accumulated in one pixel, resulting

in less sensitivity for the detection of time-variable events.

The system displays a real-time color intensity map in

one of four energy bands described below, or a false-color

image representing X-ray count rates in the low (2–4 keV,

red), medium (4–10 keV, green) and high (10–20 keV, blue)

energy bands using GTK+ (Ozawa et al. 2010; Negoro et al.

2010a; see also figure 3).

The nova-search systems have been working as real-time

X-ray monitors at TKSC/JAXA since the beginning of the

operation, leading to the first report of GRB 090831 to

the GCN 13 days after the normal operation was started

(Matsuoka et al. 2009b).

4.2 Timing analysis to find transient events

The system investigates time-series data in each sky-map

pixel in various timescale bins to detect various types

9 〈http://www.gtk.org〉.

of transient events. Each pixel has 32 light curves (eight

timescales × four energy bands), each of which consists

of 10 time bins where time gaps are allowed between

bins, plus sliding-window bins for some timescale bins. The

timescales, namely the size of the bins, of the curves are as

follows: four short timescale bins (1, 3, 10, and 30 s bins

during one scan transit) and four long ones [1-scan (40–

150 s), 4-orbits, 1 d and 4 d bins, where a 1-orbit (= 1 or

2 scan transits in ∼92 min) bin was used instead of 4 d bin

until 2010 December]. The four energy bands are the low,

medium, and high energy bands described before and the

3–10 keV band as the highest S/N (signal-to-noise ratio)

band for ordinary energy spectral sources.

For the curves of the 3 s bin and the bins longer than

the 1-scan bin, sliding-window time bins for evaluating the

time variability have been introduced, to prevent a sudden

change of the detection criteria that accompanies the change

of the time bin (Ozawa et al. 2010). The sliding-window

bins are constructed from the shorter time bins.

Every second, the system approximately integrates expo-

sure time in each spherical surface pixel in the FOVs of

active detectors and the geometrically corrected effective

area of the detectors (Miyoshi 2010). Furthermore, since

2011 May 24, the background counts have been subtracted

in real time.

The background counts are estimated from recent (30–

40 s) count rates at the same detector position with a width

of ∼3◦ and from the data of the entire (∼80◦ in width)

detector for the latest 1 s to detect a sudden increase of

the background (often due to a drop of the high-voltage

of the camera before entering high background geometrical

regions). The recent count rates are evaluated in the fol-

lowing two ways: simply averaged count rates of recent

30 s data, or expected count rates obtained by the linear

fit to count rates of recent 40 s data. In both methods,

bright source regions are excluded before the calculations

are made.

Many fake events used to be detected, not only due

to solar activities and charged particles, but also due to

large background variations in some sky-pixel regions by a

factor of more than two in a scan-by-scan observed at dif-

ferent geomagnetic positions (e.g., Sugizaki et al. 2011) and

to gradual increase of background rate in some sky-pixel

regions observed at different detector positions resulting

from the precession of the ISS orbit on timescales longer

than 1 d. The real-time subtraction of the background

greatly reduces such fake events and enables us to set

lower criteria, almost comparable to the detection limits

(table 1).

If at least one X-ray event is detected in an energy band in

a sky-map pixel, the system calculates the expected average

numbers of counts of the pixel in all the timescale bins of
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Table 1. Example of trigger criteria P set in the nova-

search system.

Time bins 3–10 keV 2–4 keV† 4–10 keV 10–20 keV

1 s 10−3 10−4 10−3 10−3

3 s 10−3 10−3.5 10−3 10−3

10 s 10−3 10−3.5 10−3 10−4

30 s 10−3 10−3.5 10−3 10−4

1 scan 10−3 10−4 10−3 10−4

(80)∗ (80–120) (100) (400)

4 orbits 10−3 10−4 10−3 10−4

(25) (50–70) (35) (200)

1 d 10−4 10−4 10−3 10−4

(12) (25) (15) (100)

4 d 10−4 10−8 10−3 10−5

(7) (15) (8) (50)

∗Values in parentheses are corresponding (approximate) 3σ detection

limits in mCrab units estimated in the nova-search system.
†Criteria in the 2–4 keV band are sometimes set at much smaller values

to avoid solar X-ray flares.

the corresponding energy band(s), and evaluates the cri-

teria to detect a significant variation. By taking accumu-

lated exposure time of the pixel at that time into account,

the expected average numbers of counts are estimated from

average count rates in the past nine time-series bins of the

same timescale bin for the long-timescale bins, or in the past

nine 1-scan time-series bins for the short-timescale bins.

The criteria are promptly calculated by the fast calcu-

lation algorithm based on Poisson statistics (see appendix

1 for more detail). The criteria are given by chance proba-

bilities, typically (P =) less than or equal to 10−5 to 10−3

(see table 1 for more detail) for the background (and source

count) fluctuation to cause the observed number of counts.

We further impose a criterion that the number of counts

should be more than 4 counts s−1 or 5 counts bin−1 for each

time and each energy bin. If the number of counts of the

pixel equals or exceeds the criterion (trigger condition), the

system sends the information to the alert system. We note

that such a transient event search is performed every second

in order to find an active source as soon as it emerges.

If the delayed COR data and very occasionally repro-

cessed data come in, the system deals with the data in the

same manner as the real-time data except for a slight dif-

ference in the way the background is estimated.10 In the

real-time case, the background was estimated from the pre-

ceding nine time-bins (see above). In this case, the system

looks at a block of 10 time-bins in each search, and when

an event is detected, the background is estimated from the

nine time-bins of the block that do not contain the source

10 Reprocessed data: data which cannot be processed at TKSC automatically due

to the loss of the data, and are reprocessed later by using archival data at NASA

MSFC.

counts to be evaluated. Namely, all of nine time-bins to be

used to estimate the background can be the bins preceding

the source event, or all may follow it, or some of them

may precede it and the others may follow it. The parallel

processing of these and the real-time data has been per-

formed since 2010 December 16 (Ozawa et al. 2010), and

the result of this processing implies that some short-term

transient events in the COR data before the date might

remain unrecognized (e.g., Suwa et al. 2010).

4.3 Alert system

The alert system compiles the information on triggered

events sent from the nova-search systems, and sends

alert information to the world automatically and/or by

hand through some MLs delivered from RIKEN.11 Auto-

detection with a single nova-search system and an alert

system started on 2009 November 5. Since 2009 December

11, two alert systems for nova-search systems with different

criteria and the different background subtraction methods

have been running at TKSC. One of the alert systems has

also received events from a nova-search system only for a

degraded camera, Camera A3, in which the anticoincident

counting has not been working. The alert system written in

C++ uses HEASoft and ROOT libraries.12

If the alert system receives a triggered event at a sky-map

pixel from the nova-search systems, the system records the

DPTC time of the first received event as the trigger time.

The system accumulates the numbers of triggered events

at the sky-map pixel in each energy band (accumulated

triggered-event) as far as it receives signals without the

interruption for more than 12000 s (>2 orbits). The system

also regards adjoining pixel events as one enhanced celes-

tial source event and adds the events to the accumulated

triggered-event because a (bright) point source is expected

to split into two or more pixels due to the PSF of GSC being

broader than the pixel size. For such multipixel events, the

system determines the source position from the triggered-

count-weighted pixel-center coordinates of HEALPix. For

a single-pixel event as mentioned later, the system regards

the pixel-center coordinates as the source position.

The system checks every accumulated triggered-event

every second. If no further event comes in at the pixel(s)

with the accumulated events from the nova-search system(s)

for 10 seconds, the system considers the source to be no

longer at the center of the FOVs or to have ceased activity

(except for a “Burst” event, mentioned later). Also, if the

accumulated triggered-event satisfies one of the two criteria

11 The socket interface to the GCN has been also implemented, but currently not

used.

12 〈https://root.cern.ch〉.
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that (i) the event is split into more than 1 pixel (mul-

tipixel condition) and that (ii) the number of triggered

events exceeds 15 and the source position lies within 1◦

from a cataloged (faint) source (single-pixel condition),

then the system regards the accumulated triggered-event

as a detected event and classifies the event as an “Info,”

“Warning,” “Alert,” or “Burst” event, and sends e-mail

alerts to relevant users (Suwa et al. 2010; Suwa 2012).

Info events: MAXI data often suffer from M- and X-

class solar flares below 2–3 keV and particle backgrounds

while the ISS is approaching the South Atlantic Anomaly.

The solar paddles of the ISS sometimes shade X-ray sources

or reflect solar X-rays, giving rise to fake events. The system

excludes such events as much as possible by using the

information on the solar paddle and the ISS position from

Earth, which are included in auxiliary data from the ISS and

promptly (<1 s) obtained from the MAXI-DB, and on the

solar position. The system classifies them as “Info” events.

Warning and Alert events: all the events considered

to be real astronomical transient events are labeled as

“Warning” or “Alert” events. Alert events are more sig-

nificant than Warning ones, and have a chance proba-

bility of from P < 10−8 to 10−6.5. The relatively low

threshold P(∼10−3) in the nova-search systems gives

rise to a number of triggered events (more than one

event per second in a high background count rate).

The multipixel condition for uncatalogued sources, how-

ever, decreases a net chance probability to roughly

(0.1–1)P2, and greatly reduces fake events due to count

fluctuations (less than one event per hour on average as

expected), especially for Alert events.

Burst events: an event is regarded as a “Burst” event if

the event satisfies the following four criteria: (i) the Alert-

event criterion is satisfied; (ii) the source position is away

from all the catalogued sources by more than 1◦; (iii) the

number of triggered events is greater than, or equal to, 40;

(iv) the event triggers in multiple timescale bins, including

short ones, and in multiple energy bands.

The celestial source catalog used in our systems contains

sources with a maximum flux of more than 100 mCrab in

the past, and is updated by adding nearby flaring stars and

newly discovered X-ray sources.13 The source fluxes in the

catalog are updated daily utilizing the MAXI public archival

data. The system discards triggered events if the source

position is within a certain radius rbs from the position

of a known bright source. The radius rbs is determined as

rbs[
◦] = log(F2−20keV[mCrab]) for F2−20keV ≥ 100 mCrab,

13 The sources were selected from the Swift/BAT Survey 22-month Cat-

alog (Tueller et al. 2010), the RXTE/ASM Catalog 〈http://heasarc.nasa.gov/

docs/xte/ASM/sources.html〉, the INTEGRAL General Reference Catalog Ver.

30 〈http://www.isdc.unige.ch/integral/science/catalogue〉, and the ROSAT Bright

Source Catalog (Voges et al. 1996).

Fig. 4. 2–20 keV light curve of GRB 150123A on which the fastest burst

information to the world was issued within 19 s after the trigger shown

by the arrow (Fukushima et al. 2015).

otherwise rbs[
◦] = 0, where F2−20keV is the flux in the

2–20 keV band. Note that discarding bright sources some-

times results in failure to notice burst events from the

sources.

4.4 E-mail notification

For a burst event, the alert system automatically sends an

alert (“Ongoing Burst”) e-mail for a probable GRB to the

New-transient ML as soon as the event meets all of four

criteria of a Burst event. The system cannot determine the

source position correctly during the scan transit. We hence

give a positional uncertainty of 1◦ in the first e-mail noti-

fication. After the scan transit, the system sends an e-mail

notification again with a refined position by using all the

triggered events.

For a Warning or Alert event, duty scientists and/or

MAXI team members judge whether the event is an astro-

nomical transient event or not, in terms of a flash report

and other information described below, and manually send

e-mail notifications to the relevant ML if it is worth alerting

researchers.

The fastest e-mail notifications to the world were, for

instance, 19 s after the trigger time for GRB 150123A

(Fukushima et al. 2015; see figure 4), and 21 s for

GRB 140818A (Honda et al. 2014). In principle, it is pos-

sible to send an e-mail notification within about 10 s for a

very bright or short burst. In fact, an (internal) Alert e-mail

for a short GRB, GRB 150313A (Morooka et al. 2015), was

issued only 11 s after the on-board detection (figure 7a).

For Warning and/or Alert events, it usually takes less than

10 min to inform the world of the burst through the MAXI

MLs.
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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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Fig. 5. Frequency distributions of detected excess fluxes in time bins

where events were detected with the highest significance. The unit on

the vertical axis is events per bin, and 1 bin = 10 mCrab. Only results

from Warning events detected in 2012–2014, showing the most signifi-

cant detection in the 3–10 keV or 4–10 keV energy band, are presented.

The detected excess fluxes are measured in the nova-search system,

and each flux has at most 20%–30% uncertainty. Low significant events

with less than 2σ are excluded.

Figure 5 shows frequency distributions of detected excess

fluxes in each timescale bin where events were detected

with the highest significance. The lowest-detected fluxes

in figure 5 are generally in good agreement with the 3σ

detection limits estimated in the nova-search system shown

in table 1. Basically, the detection limits are governed by

Poisson statistics. Total counts of the Crab in a single scan

transit are roughly 200 (150–300) counts in the 3–10 keV

band. X-ray photons from a 100 mCrab source spread into

one or two pixels near the center of the source position in

the nova-search system, and result in 10–15 counts pixel−1

corresponding to 3–4σ detection in a single scan transit.

We also note that detection limits by the unbiased search,

without the single-pixel detection for known sources, are

slightly worse, for instance, 15–20 mCrab for 1 d (Suwa

2012).

Figure 6 shows cumulative distributions of angular dis-

tances between the (count-weighted) source positions by the

alert system and catalogued positions. From the distribu-

tions, we obtain the 90% confidence error radii of the posi-

tional determination, 0.◦81 for Warning and 0.◦70 for Alert

events. If we represent the PSF of the camera by a symmetric

two-dimensional Gaussian profile ∝exp (−r2/2σ 2) where r

is the angular distance, the cumulative distribution can be

represented by Cd(r) = 1 − exp (−r2/2σ 2) and the 90%

confidence error radius is
√

−2 ln 0.1σ ≃ 2.15σ . Fitting Cd

to each of the cumulative distributions gives σ = 0.◦37 for

the Warning and σ = 0.◦30 for the Alert events, and the cor-

responding 90% confidence error radii are 0.◦80 and 0.◦65.

Note that these are not the final accuracies of the position

determination. For final positional accuracies, taking all

Fig. 6. Cumulative distributions of angular distances between source

positions determined in the alert systems and catalogued source posi-

tions. Distributions of all the Warning events (lower thick solid line),

Warning events detected only in 1 pixel (thin dashed line), Warning

events in more than 2 pixels (thin dotted line), and Alert events (upper

thick solid line) are shown. The thin dash-dotted line shows a best-

fitting curve via the function Cd (see text). Data are obtained from events

detected in 2012–2014.

detected photons and the PSF of the cameras into account,

we discuss in subsection 5.3 for new transients.

The estimations of the positional determination accu-

racy with the function Cd are roughly 2–3 times worse

than simple estimations from the central limit theorem,

σexp ≃
√

(σP/
√

n)2 + σ 2
sys degrees, where σ P is an approx-

imate standard deviation of the PSF (≃W/2
√

2 ln 2 ∼ 0.◦7,

where W is the FWHM of the camera, and 1.◦5−2◦), n is

the total number of counts, and σ sys is the systematic uncer-

tainty (∼ 0.◦05). For instance, typical Warning events with

n ∼ 25 counts of 5σ detection give σexp ∼ 0.◦15, and Alert

events with n ∼ 100 counts corresponding to 500 mCrab in

a single scan transit give σexp ∼ 0.◦09.

These discrepancies are due to the position determina-

tion method based on only triggered pixels with the reso-

lution of ∼0.◦91 (e.g., the distribution of single-pixel detec-

tions of catalogued sources shown by the dashed line in

figure 6), and due to burst or flare detections off the center

of the cameras, which is clearly seen as a large discrepancy

at r > 0.◦4 between a Cd curve with σ = 0.◦26 obtained

by fitting the distribution of the Alert events at r ≤ 0.◦4

(dash-dotted line) and the distributions of highly signifi-

cant events, Alert events (upper solid line) and Warning

events triggered in more than 2 pixels (dotted line) (also see

subsection 3.2).

5.2 Short-term burst and flare events

5.2.1 Gamma-ray bursts

Gamma-ray bursts (GRBs) and X-ray bursts (XRBs) trig-

gered the system in short timescale bins. 63 GRB-like events
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(56 prompt emissions and seven afterglows)16 were detected

mostly by the nova-alert system,17 and we sent 68 circulars

to the GCN. 12 Swift/XRT follow-up observations for the

positions determined from MAXI observations were car-

ried out usually in less than half a day, and four afterglows

(GRB 110213B, 121025A, 130505B, 140818A) and four

afterglow candidates (GRB 120510A, 140221A, 150110C,

and 150123A) were detected.

The average detection rate for over five years is 10.0

bursts (prompt emission) a year, which is about three times

higher than expected before launch, 3.5 bursts per year

(Suzuki & the MAXI Team 2009). Seven X-ray afterglows

were also detected. The average rate, 1.24 afterglows per

year, is smaller than the expectation, 2.4 per year. Serino

et al. (2014a) summarized the results of 35 GRBs that

MAXI detected until the middle of 2013, and showed that

the 20 bursts only MAXI detected tended to have soft

energy spectra and low fluxes of less than 10−8 erg cm−2 s−1

(see also Sakamoto et al. 2014).

5.2.2 X-ray bursts and superbursts

A number of X-ray bursts have been detected (e.g.,

in’t Zand 2011). We note again that, as described in

subsection 4.3, bright sources with fluxes ≥100 mCrab are

masked in the nova-alert system. As a result, bursts from

those sources are ignored. Through reference to past burst

activities obtained by the HETE-2 satellite (Suzuki et al.

2006) and the XRB database MINBAR (Galloway et al.

2008), we usually let researchers know about bursts only

through the X-ray-star ML. For peculiar bursts or bursts

requiring attention as described next, however, we have

also reported them to the ATel.

For an X-ray burst (or outburst) from a globular cluster,

follow-up observations are necessary for identifying the

source, because some globular clusters contain multiple

X-ray sources, unresolved with the MAXI cameras. For

example, an X-ray burst from M 15 on 2011 May 16 (Morii

et al. 2011) was soon identified as new activity of the ultra-

compact binary M 15 X-2 by successful Swift/XRT (Heinke

et al. 2011), ELVA (Miller-Jones et al. 2011), and Chandra

(Sivakoff et al. 2011) follow-up observations.

Currently, eight unusually long X-ray bursts were

found in the MAXI data: they lasted more than 1 scan

transit (≥23 min or ≥92 min) and were identified as super-

bursts or intermediate-duration bursts (e.g., Strohmayer &

Bildsten 2006). The nova-alert system does not have spe-

cific functionality for the detection of such long X-ray

16 This number does not include bursts which are found to be non-GRB events later,

e.g., GRB 121225A (sub-subsection 5.3.3), GRB 141029A, and occurred out of the

FOVs, e.g., GRB 140219A (Serino et al. 2014b).

17 The full burst list MAXI detected is available at 〈http://maxi.riken.jp/grbs〉.

bursts. We have, however, found five out of the eight super-

bursts (or intermediate-duration bursts) with the nova-alert

system (three automatically, and two manually with nova-

search images by eye), and rapidly reported on them to

the ATel, except for a superburst from SAX J1747.0−2853

(Chenevez et al. 2011) which was automatically detected

but not noticed as a superburst.

A long X-ray burst, triggered on 2011 November 12 and

lasting more than half a day was likely the first superburst

detection from SAX J1828.5−1037 (Asada et al. 2011).

The longest X-ray burst ever observed, probably from

SLX 1735−269, was noticed with nova-search images on

2012 December 6 (Negoro et al. 2012b). A superburst

from EXO 1745−248 was also manually detected on 2011

October 24 (Mihara et al. 2011b; also see Serino et al. 2012

in detail). On the other hand, it was difficult to notice super-

bursts from 4U 1820−30 (in’t Zand et al. 2011) and Aql

X-1 due to bright, persistent emissions from the sources.

Thus, there might be more superbursts or intermediate-

duration bursts, which have not been noticed with the nova-

alert system, in the MAXI data.

5.2.3 Stellar flares

The nova-alert system has often triggered on luminous

X-ray stellar flares from various types of stars [dMe, dKe,

RS CVn, Algol, Young Stellar Object (YSO), and other

types of stars] in 1-scan or 4-orbit timescale bins (see tables

3, 8, and figure 7b).

X-ray flares from three RS CVns, GT Mus

(= 4U 1137−65) (Nakajima et al. 2010), SZ Psc (Negoro

et al. 2011c) and V841 Cen, and also from a YSO TWA-

7 (Morii et al. 2010b; also see Uzawa et al. 2011), were

detected for the first time (Tsuboi et al. 2014).

Tsuboi et al. (2014) collected 64 stellar flares from 22

stars, analyzing GSC images in the first four years, and

found that the total energy of those flares was in the range

of 1034 to 1039 erg, which was at the upper end for super-

flares.

We have reported on stellar flares to the ATel if they are

historically the most luminous detected from a source, e.g.,

Eta Carinae reaching approximately 40 mCrab on 2014

July 15 and 17 (Negoro et al. 2014b), or if they are the

first detection with MAXI, e.g., IM Peg triggered on 2014

July 5 (Kawagoe et al. 2014a) and July 16 (Kawagoe et al.

2014b). If they were neither, we have only circulated the

events through the X-ray-star ML.

We note that fluxes of stellar flares are often around the

detection limit in one scan transit (80–100 mCrab) or less.

As a result, the detection of faint flares was incomplete for

the data especially before the installation of the real-time

background subtraction function in the nova-search system

in 2011 March (subsection 4.2, also see Tsuboi et al. 2014).
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Fig. 7. Examples of light curves of transient events on various

timescales, which triggered the nova-alert system. The arrows show

the time when the nova-alert system was triggered, and the time when

an alert e-mail has been issued is also shown in the panels (a) and (b).

The data bin width is shown in each panel, and each curve has 150

data bins including no count or no observation period. From the upper

to lower panels: (a) GRB 150313A (Morooka et al. 2015), (b) an X-ray

flare from the eclipsing binary Beta Per (a.k.a. Algol) on 2012 December

17 (Nakahira et al. 2012), (c) an X-ray outburst of MAXI J1619−383

(Serino et al. 2014c), (d) multiple X-ray flares from the BL Lac Mrk

421 in 2013 [Negoro et al. (2013b) and Ueno et al. (2013)], where the

trigger time bins are shown (4o = 4-orbit, 1d = 1 d, and 4 d = 4-d

bins, respectively), and (e) an X-ray flare with about 10 mCrab of the

BL Lac 2FGL J1931.1+0938 (Negoro et al. 2014a). The vertical axis units

are 2–20 keV counts s−1 for panel (a) and 2–10 keV photons cm−2 s−1 for

the others (b)–(e). 0.285 photons cm−2 s−1 corresponds approximately

to 100 mCrab for (b)–(e). The start times of the curves are (a) 2015-

03-13T03:50:49.077 (MJD 57094.16029024), (b) 2012-12-12T11:16 (MJD

56273.4700), (c) 2014-10-26T13:12 (MJD 56956.55), (d) 2013-04-02 (MJD

56384), and (e) 2013-04-30 (MJD 56412), respectively.

5.3 Newly discovered X-ray novae

In total 15 X-ray novae [six black hole candidates (BHCs),

eight neutron star binaries, and one white dwarf binary]

have been newly discovered with the nova-alert system,

summarized in table 4. Figure 8 shows their long-term

X-ray light curves. All the novae were automatically

detected with the system, except for MAXI J1409−619,

MAXI J1836−194, and MAXI J1647−227 (for references,

see table 4), which were manually found in nova-search

images before the automatic detection was running.

A few transients were independently discovered with

Swift/BAT (e.g., Krimm et al. 2013b), having alternative

names as listed in table 4 and described later.

As listed in table 4, most of the X-ray novae were dis-

covered at a flux level of 30–40 mCrab, corresponding to a

gradual increase in the X-ray flux on a timescale of hours

(cf. table 1). The angular distances δr between the source

locations reported on from MAXI and Swift/XRT observa-

tions indicate that the accuracy of the localization by MAXI

is about 10′–20′ at that flux level (table 5). Due to the Sun

angle constraint, however, no Swift/XRT observation was

performed for MAXI J1619−383. Next we briefly sum-

marize observational properties of the new transients, or

introduce papers already published.

5.3.1 Six black hole candidates

Early detections of the BHCs and the prompt alerts to

the world with the nova-alert system led rapid follow-up

observations with Swift/XRT. With precise source locations

given by XRT, other observatories could observe initial

rising phases of the outbursts successfully, including the

hard-to-soft state transitions, in multiple wavelengths.

The observational properties of six MAXI BHCs

obtained by MAXI and follow-up observations are

reviewed in Negoro and MAXI team (2014) and refer-

ences therein. The six X-ray novae can be classified into

two types of outbursts in terms of the long-term variations;

a classical FRED (fast rise and exponential decay) type or

a FRFT (fast rise and flat top) type. The former includes

J1836−194, J1910−057, and J1828−249. The relation-

ship between these different types of outbursts and state

transitions, and the cause of the difference, are also briefly

discussed in Negoro and MAXI team (2014).

5.3.2 X-ray pulsars and X-ray bursters

After the discovery of MAXI J1409−619, 503 ± 10 s pul-

sations were found in a Swift/XRT follow-up observation

(Kennea et al. 2010b), and later a more precise pulse period

of 506.93(5) s was obtained by Fermi/GBM monitoring

(Camero-Arranz et al. 2010).
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Table 4. New X-ray transients discovered by MAXI.

MAXI name Detection Type∗ Alternate name† Reference‡

Trigger time (UT)§ Flux|| Reference♯

J1659−152 10/09/25 08:36 30 ± 9 1 BHC GRB 100925A2 21

J1409−619 (10/10/20) 41 ± 7 3 NS/Pulsar

J0556−332 11/01/11 09:21 ∼80 4 NS 22

J1543−564 11/05/08 04:21 21 ± 5 5 BHC

J1836−194 (11/08/30) ∼25 6 BHC

J0158−744 11/11/11 05:05 400(2–4 keV) 7 WD/SSS XRF 111111A7 23

J1305−704 12/04/09 11:24 30 ± 18 8 BHC 24

J1910−057 12/05/31 22:36 38 ± 7 9 BHC Swift J1910.2−054610 25

J1647−227 (12/06/14) 33 ± 7 11 NS/XRB 26

(GRB 121225A) 12/12/25 09:50 500 ± 50 12 NS/XRB Swift J1741.5−654813, 14

J1735−304 13/05/24 23:18 ∼8 15 NS Swift J1734.5−302716

J1828−249 13/10/15 21:55 93 ± 9 17 BHC

J1421−613 14/01/09 01:13 40 ± 11 18 NS/XRB 27

J1932+091 14/05/26 18:09 ∼40 19 SFXT?

J1619−383 14/11/14 07:11 18 ± 3 20 NS/LMXB?

∗BHC = black hole candidate, NS = neutron star, XRB = X-ray burster, WD = white dwarf, SSS = super-soft source, SFXT = supergiant fast X-ray transient,

LMXB = low-mass X-ray binary.
†♯References to the discoveries: [1] Negoro et al. (2010c), [2] Mangano et al. (2010), [3] Yamaoka et al. (2010), [4] Matsumura et al. (2011), [5] Negoro et al.

(2011a), [6] Negoro et al. (2011b), [7] Kimura et al. (2011b), [8] Sato et al. (2012), [9] Usui et al. (2012), [10] Krimm et al. (2012), [11] Negoro et al. (2012a),

[12] Ogawa et al. (2012), [13] Krimm et al. (2013a), [14] Negoro et al. (2013a), [15] Negoro et al. (2013c), [16] Kennea et al. (2013a), [17] Nakahira et al.

(2013a), [18] Morooka et al. (2013), [19] Yamaoka et al. (2014), [20] Serino et al. (2014c).
‡References to detailed analysis results of MAXI observations: [21] Yamaoka et al. (2012), [22] Sugizaki et al. (2013), [23] Morii et al. (2013), [24] Morihana

et al. (2013), Shidatsu et al. (2013), [25] Nakahira et al. (2014a), [26] Onodera et al. (2014), [27] Serino et al. (2015).
§Time in parentheses is not the trigger time, but the date when the source was found in nova-search images.
‖|4–10 keV flux in units of mCrab reported on to the ATel.

Table 5. Localizations of MAXI X-ray transients.

MAXI name RA (J2000.0) Dec (J2000.0) l b Error∗ δr† Ref.‡

(◦) (◦) (◦) (◦)

J1659−152 254.75650 (16h59m01.s71) − 15.25848 (−15◦15′28.′′5) 5.515 16.526 1.′′4 2.′1 1

J1409−619 212.01068 (14h08m02.s56) − 61.98340 (−61◦59′00.′′3) 311.797 − 0.437 1.′′9 7.′3 2

J0556−332 89.19300 (05h56h46.s32) − 33.17451 (−33◦10′28.′′2) 238.940 − 25.183 1.′′7 7.′0 3

J1543−564 235.822233 (15h43m17.s336) − 56.413431 (−56◦24′48.′′35) 325.085 − 1.121 0.′′6 1.′2 4

J1836−194 278.93097 (18h35m43.s43) − 19.32004 (−19◦19′12.′′1) 13.945 − 5.354 1.′′8 12.′0 5

J0158−744 29.85647 (01h59m25.s55) − 74.25795 (−74◦15′28.′′6) 296.801 − 42.051 2.′′4 10.′2 6

J1305−704 196.73138 (13h06m55.s53) − 70.45144 (−70◦27′05.′′2) 304.238 − 7.619 2.′′0 6.′7 7

J1910−057 287.59491 (19h10m22.s78) − 5.79943 (−05◦47′58.′′0) 29.902 − 6.844 3.′′5 4.′9 8

J1647−227 252.05134 (16h48m12.s32) − 23.01534 (−23◦00′55.′′2) 357.478 13.961 2.′′4 16.′7 9

(GRB 121225A) 265.35051 (17h41m24.s12) − 65.79087 (−65◦47′27.′′1) 327.186 − 17.823 1.′′7 20.′6 (10)§

J1735−304 263.60074 (17h34m24.s18) − 30.39806 (−30◦23′53.′′0) 357.467 1.286 1.′′4 13.′3 (11)§

J1828−249 277.24199 (18h28m58.s08) − 25.02925 (−25◦01′45.′′3) 8.115 − 6.546 1.′′9 10.′1 (12)§

J1421−613 215.40504 (14h21m37.s21) − 61.60700 (−61◦36′25.′′2) 313.438 − 0.588 1.′′5 15.′7 13

J1932+091 293.29267 (19h33m10.s24) +9.19492 (+09◦11′41.′′7) 45.909 − 4.947 2.′′8 9.′614 15

J1619−383 244.767 (16h19m04s) − 38.226 (−38◦13′34′′) 341.633 8.580 16.′8 N/A 16

∗Positional error.
†Angular distance between the position reported to the ATel from the MAXI observations and that determined with Swift/XRT.
‡[1] Kennea et al. (2011b), [2] Kennea et al. (2010a), [3] Kennea et al. (2011a), [4] Chakrabarty, Jonker, and Markwardt (2010), [5] Kennea et al. (2011c),

[6] Kennea et al. (2011d) [7] Kennea et al. (2012a), [8] Kennea et al. (2012b), [9] Kennea et al. (2012c), [10] Krimm et al. (2013a), [11] Kennea et al. (2013a),

[12] Kennea et al. (2013b), [13] Kennea et al. (2014a), [14] Morii et al. (2014a), [15] Kennea et al. (2014c), [16] Morii et al. (2014b).
§In this paper, refined positions are shown.
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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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Type-I X-ray bursts were detected from

MAXI J1647−227 in a series of Swift follow-up observa-

tions (Kennea et al. 2012d) and MAXI J1421–613 during

a Galactic plane scan survey with INTEGRAL/JEM-X

(Bozzo et al. 2015).

A distant (>17 kpc), high Galactic latitude transient,

MAXI J0556−332, exhibited a long outburst lasting for

about 500 days, and the typical energy spectra of a low-

mass X-ray binary hosting a neutron star, but no X-ray

bursts were observed (Sugizaki et al. 2013). Interestingly,

the source exhibited renewed activity about 180 days after

a sudden drop of the flux (Sugizaki et al. 2012).

5.3.3 GRB 121225A (= Swift J1741.5−6548)

A burst-like event triggered the nova-alert system on

2012 December 25 (MJD 56286), and reported as

GRB 121225A due to its relatively high galactic latitude

(l ≃ −17.◦8). About three months later, Swift/BAT detected

a faint X-ray enhancement, which was given the name

Swift J1741.5−6548 (Krimm et al. 2013a).

The Swift position is, however, marginally consistent

with that of GRB 121225A (figure 9), and the long-term

light curve at the region showed a gradual increase after the

burst (Negoro et al. 2013a). In figure 8, a faint (2–3 mCrab)

enhancement can also be seen before the burst. The energy

spectrum of the burst was also consistent with that of an

X-ray burst to the distance of 10 kpc or less (Negoro et al.

2013a).

Optical spectroscopy with the Gemini Multi-

Object Spectrograph (GMOS) supported the nature

of Swift J1741.5−6548 to be a Galactic source (Cenko

et al. 2013), and long-term hard X-ray activity using BAT

data is also consistent with the above result as described

in Krimm et al. (2013b). Thus, it is natural to consider

that GRB 121225A is an X-ray burst at the beginning of

the outburst of Swift J1741.5−6548, which is very similar

to what was observed in M 15 X-2 (Morii et al. 2011;

Tomida et al. 2013).

Finally, we note that a faint (∼3 mCrab) enhancement

of the source was seen until the end of 2014 (figure 8).

5.3.4 MAXI J1735−304 (= Swift J1734.5−3027?)

On 2013 May 24 (MJD 56436), a faint X-ray enhancement

toward the globular cluster Terzan 1 triggered the nova-

alert system in 4-day time-bins, and we reported on a 4–

10 keV source flux of about 8 mCrab, beginning on May

19 and lasting until at least June 1 (Negoro et al. 2013c).

Renewed activity of XB 1732−304 or another source in the

cluster was suspected, but no active source was found in the

vicinity of the cluster in a single pointed observation with

Swift/XRT (Bahramian et al. 2013; see figure 10).

On 2013 September 1, Swift/BAT caught burst-like

activity from a source, newly named Swift J1734.5−3027,

and the precise location was obtained with XRT (Kennea

et al. 2013a). The position is 13.′3 from MAXI J1735−304,

and within the error circle of MAXI (figure 10).

INTEGRAL/JEM-X also detected the source at the flux

level of approximately 10 mCrab in the 3–10 keV band

(Kuulkers et al. 2013). Using data from INTEGRAL, Swift,

and XMM-Newton observations of the outburst, Bozzo

et al. (2015) recently showed that the source was a neutron

star at a distance of 7.2 ± 1.5 kpc.

La Parola et al. (2013) pointed out, utilizing BAT data

at the position of Swift J1734.5−3027, that the source flux

increased once from May 13 and peaked on May 30. In

addition to the outburst in May (around MJD 56433–

56443), the long-term GSC light curve (see figure 8) showed

faint enhancements in September (around MJD 56533–

56539), and October (around MJD 56572–56582 or

–56602), which are very similar to the enhancements seen

in the Swift/BAT light curve shown by Bozzo et al. (2015).

The extracted region to obtain the GSC light curve is rel-

atively large (65′ radius) for a source-crowded region near

the Galactic center, (l, b) = (357.◦47, 1.◦29). Thus, careful

analysis of the MAXI data was necessary. Nevertheless,

MAXI J1735−304 and Swift J1734.5−3027 are thought to

be identical, as far as the outbursts observed with Swift/BAT

in May and September were from the same source.

Additionally, we note that an outburst-like activity

starting from the end of 2010 November and lasting more

than one month is recognized in the GSC light curve of the

same region, but the origin of the outburst is unclear. Fur-

ther discussion is, however, beyond the scope of this paper.

5.3.5 MAXI J1932+091

A short-lived, faint transient, MAXI J1932+091, triggered

the nova-alert system on 2014 May 26 (MJD 56803).

The source was detectable only for several hours for

MAXI/GSC, but a Swift/XRT follow-up observation suc-

cessfully caught a highly variable X-ray transient source

with a 0.5–10 keV flux of ∼6 × 10−11 erg cm−2 s−1 (Kennea

et al. 2014c).

An initial possibility that the transient object was the

BL Lac type AGN, 2FGL J1931.1+0938, lying near the

error region was excluded from further MAXI data (Morii

et al. 2014a). Instead, a strong Hα emission line and an

Hβ line were observed in optical spectroscopic observa-

tions, suggesting that the source is a Be X-ray binary (Itoh

et al. 2014). The short-lived, and highly variable, transient

nature and a plausible supergiant companion suggest that

the origin of the source is likely an SFXT (supergiant fast

X-ray transient). The classification of the companion must

make the nature of the source clear.
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5.3.6 MAXI J1619−383

On 2014 November 14 (MJD 56975), the nova-alert system

triggered on a faint X-ray transient with the flux near the 1 d

detection limit (∼15 mCrab, figure 7c) at a relatively high

Galactic latitude (l ≃ 8.◦6). However, it took a few days to

confirm the presence of the source (Serino et al. 2014c).

Unfortunately, the source was close to the Sun

(17–24◦), and therefore other observatories were unable

to observe the source. Two ROSAT bright sources, 1RXS

J161838.4−381911 and 1RXS J161815.1−382027, are

located within the error region, but the nature of the

ROSAT sources are unknown.

The outburst with the peak flux of ∼20 mCrab lasted

more than 10 days, and no spectral evolution was recog-

nized. The energy spectrum can be fitted with a power-law

model of the photon index of 1.43+0.43
−0.21 (Morii et al. 2014b).

The count ratio of the 4–10 keV band to the 2–4 keV band is

close to 1, which is a typical value of GSC spectra of BHCs

in the intermediate state or neutron-star LMXBs (low-mass

X-ray binaries). No X-ray burst was observed; however,

the stability of the spectrum through the outburst suggests

that the source is likely an LMXB hosting a neutron star.

5.3.7 MAXI J0158−744

A very bright, unusually soft X-ray nova (burst-like activity)

was detected near the Small Magellanic Cloud, mostly in

time bins in the 2–4 keV energy band, and the appearance

was automatically circulated to the New-transient ML

55 s after the trigger time, 05:05:50 on 2011 November

11 (MJD 55876.21239) (Kimura et al. 2011b).18

By successful Swift/XRT follow-up observations (e.g.,

Kennea et al. 2011d), the source was soon found to be a

supersoft source, SSS (Li et al. 2011). Morii et al. (2013)

concluded that MAXI detected the ignition phase of a nova.

For the first time, such a phenomenon was observed in

X-rays (see also Ohtani et al. 2014).

5.4 Outbursts of known X-ray sources

We report on several new (type-II) outbursts (or renewed

activities) from known BH or NS X-ray binaries every year

(see tables 6–7). These numbers are roughly half of all the

outbursts reported in the period. Except for 4U 1630−47,

H 1743−322, 4U 1608−522, and Cir X-1 all showing an

outburst almost every year, it is interesting to note that

the number of known sources showing renewed activity is

comparable to that of the new transients that appeared.

The nova-alert system has frequently triggered on (type-

I/regular) outbursts associated with orbital periods from

18 The time 05:05:59 in the ATel report was not the trigger time, but the time that the

highest significant detection was achieved.

Be or other types of pulsars. We have not reported on the

triggers of the nova-alert system by regular outbursters Cen

X-3, Her X-1, Vela X-1, GX 301−4, and EXO 2030+375,

but did for three semiregular Be pulsars, GX 304−1 (e.g.,

Nakajima et al. 2013), GRO J1008−57 (Nakajima et al.

2014a), and A0535+26 (Nakajima et al. 2014b), because of

the interest in their long-term activities. In addition, unex-

pected irregular (type-II) outbursts that triggered the system

were all reported, e.g., from GRO J1008−57 (Nakajima

et al. 2014c).

We note that Suzaku Target of Opportunity (ToO)

observations triggered by the MAXI alerts have led to the

discovery of cyclotron absorption lines in energy spectra of

GX 304−1 (Yamamoto et al. 2011) and GRO J1008−57

(Yamamoto et al. 2014).

5.5 State transitions of X-ray binaries

The nova-alert system does not implement an auto-

detection algorithm to detect a state transition. As described

in subsection 4.1, however, in addition to the function of

the real-time X-ray transient monitor of the nova-search

system, it regularly provides color scan-by-scan and daily

all-sky images, which allow us to find the state transition

of a source easily.

Examples: the hard-to-soft state transition after a long

hard-state period in Cyg X-1 (Negoro et al. 2010b); the

discovery of a short-lived soft state in Swift J1753.5−0127

(Negoro et al. 2009, also see Yoshikawa et al. 2015); the

first detection of the transition to the soft state in the LMXB

GS 1826−238 (Nakahira et al. 2014c) are worth noting.

5.6 AGN flares and tidal disruption events

5.6.1 AGN flares

Almost every year, the nova-alert system triggers on flares

from bright AGNs, 3C 273, NGC 5506, Mrk 421, and Mrk

501 in long timescale bins (1-scan to 4 d time bins). We

usually call attention to the events through the AGN ML.

The system successfully was triggered by the beginning

of a very bright (and long) flare of Mrk 501 with a flux of

∼10 mCrab on 2011 November 9 (Sootome et al. 2011; and

two months later, reaching a peak flux of ∼20 mCrab), and

the historically brightest flares of Mrk 421 (see figure 7d)

on 2010 February 12 (156 ± 11 mCrab at 2–10 keV on

February 16, Isobe et al. 2010a; see also Isobe et al. 2010b

for more detail), on 2013 April 12–15 (∼140 mCrab on

April 12, Negoro et al. 2013b), and on 2013 August 14–23

(∼80 mCrab on August 20, Ueno et al. 2013; also Isobe

et al. 2015).

The nova-alert system also caught historically bright

flares from three BL Lac objects around the detection limit
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(7–8 mCrab for 4 d): 1ES 0033+595 (QSO B0033+595)

on 2013 February and March (Kawamuro et al. 2013);

2FGL J1931.1+0938 (BZB J1931+0937) on 2014 March

2 (Negoro et al. 2014a; Kennea et al. 2014b; figure 7e);

and BZB J0244−5819 on 2014 March 24 (Nakahira et al.

2014b).

5.6.2 Swift J164449.3+573451

A highly variable tidal disruption event (Burrows et al.

2011; Zauderer et al. 2011), Swift J164449.3+573451, was

first reported from a Swift/BAT observation on 2011 March

28 (Cummings et al. 2011). The source in exhibiting the

first bright flare that triggered BAT at 12:57 was out of

the FOVs of MAXI/GSC. Soon after the BAT report to the

GCN circular, however, it was found that GSC marginally

detected faint activities before the first bright flare in the

scan transits at 10:31 (44 ± 22 mCrab) and at 12:03 (77 ±
28 mCrab) (Kimura et al. 2011a). Source activity starting

about 3.5 d before BAT was first triggered (Burrows et al.

2011) was not significantly detected with GSC.

However, about 31 hours after BAT was first triggered,

the nova-alert system was triggered by a second intense

flare from the source in various time bins, from 3 s to 1 d, at

20:07:58 on 2011 March 29, and the event was immediately

circulated through the AGN ML.

6 Discussion and summary

We demonstrate in this paper that MAXI has detected

a number of transient events with the MAXI nova-alert

system, and played an important role in the search for the

transient events in the soft X-ray band after RXTE/ASM.

MAXI complementarily works with the hard X-ray mon-

itors of Swift/BAT, INTEGRAL/IBIS, and Fermi/GBM to

discover various transient objects.

A relatively large number of the new galactic transient

objects discovered at high galactic latitude, for instance

MAXI J1659−152, MAXI J0556−332, MAXI J1647−
227, and Swift J1741.5−6548 (GRB 121225A), are worth

noting from a statistical point of view in the binary forma-

tion theory, because a number of main-sequence stars and

most X-ray binaries with persistent emission are on or near

the galactic plane. It might be, however, due to a selection

effect, because it is more difficult to find new transients

at low Galactic latitude due to source confusion and higher

backgrounds. More detailed discussion including the nature

of the sources will be reported elsewhere.

The nova-alert system is found to be helpful not only

for the search for new transients, but also for the detec-

tion of spectral changes, such as state transitions of

known X-ray binaries, as in the cases of in Cyg X-1 and

Swift J1753.5−0127.

MAXI, with the highest sensitivity to date, and the nova-

alert system have opened new windows upon luminous

stellar flares described in sub-subsection 5.2.3 and a new

class of soft X-ray transients, MAXI J0158−744, both of

which were only detectable by MAXI.

Fast discovery of new transients with the nova-alert

system and its prompt alerts has led to successful follow-

up observations with Swift/XRT, not only for GRBs

but also for X-ray transients such as MAXI J0158−744

and MAXI J1932+091. Thus, collaboration with other

X-ray satellites, especially Swift/XRT which can perform

a prompt follow-up observation to locate the transient

with accuracy of nearly one arcsecond, is very important

for MAXI.

As described in section 4, the system has been developed

year by year and tuned according to changes in the observa-

tional conditions. The system and its detection parameters

have already been optimized, so it is worth reanalyzing

the data accrued since the beginning of the mission. Such

a system is under development. The transient search using

SSC data recently commenced in 2015 April (see Fukushima

et al. 2014; Fukushima 2015).

Reanalysis with a new nova-alert system under devel-

opment has shown that some tidal disruption events that

occurred from 2009 to 2013 were detectable with the newly

introduced 16- and/or 32-day time-bins, suggesting that in

future tidal disruption events would be detected with the

nova-alert system in real-time.

However, due to the relatively poor spatial resolution

of the MAXI cameras, it is difficult for the current system

to detect transients near bright objects, especially near the

Galactic center and on the Galactic ridge. Multiple source

image fits, for instance just like the RXTE Galactic Center

Observation,19 are necessary. This is planned for future

work.
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Fig. 11. Criteria for various means, λ, and given possibilities, P = 10−3 (left) and P = 10−8 (right), calculated from the Poisson distribution (solid), the

normal distribution (dotted), and the approximate formula (marks “+”, which are mostly on the solid line.). Their deviations from the criteria based

on the Poisson distributions are also shown by the solid lines in the lower panels (see text).

This work was supported by JSPS KAKENHI Grant Numbers

21340043, 23540269, 24540239, and also by JAXA. Some of the

results in this paper have been derived using the HEALPix (Górski

et al. 2005) package.

Appendix 1. Method of the fast calculation

of the criterion

Here, we describe an approximation formula to obtain a

criterion for the number of counts a to detect a significant

count increase in the light curve.

Based on Poisson statistics for a mean number of counts

λ, and a given chance probability P that the (observed)

number of counts r equals or exceeds a, the criterion a

should be the minimum number satisfying the following

equation:

P ≥ Pλ(r ≥ a) ≡ 1 −
a−1
∑

r=0

λr e−λ

r !

= 1 −
Ŵ(a, λ)

Ŵ(a)
=

γ (a, λ)

Ŵ(a)
, (A1)

where Ŵ(a) is the gamma function with a positive integer

a, and Ŵ(a, λ) and γ (a, λ) are the upper and the lower

incomplete gamma functions, respectively.

In practical data, λ takes from ∼0.1 to ∼200

[counts bin−1], and the above exact formula needs a number

of calculations, especially for large λ. This makes it diffi-

cult to obtain about 103 (∼100 pixels s−1 × 8 time-series

bins) criteria in each second. To reduce the calculation time

greatly, we introduce an approximate function to obtain a

simply by assigning λ and P.

For λ < 1,

Pλ(r ≥ a) =
1

(a − 1)!

∫ λ

0

e−tta−1dt ≃
α

a!
e−λλa, (A2)

where α is a constant close to unity. This formula gives

better approximations for larger numbers of a, for instance

a > 7, used practically.

From the above and the Stirling’s approximations, we

obtain

a ≃−
ln Pλ − ln α + λ + O(ln a)

ln(a/λ) − 1

∼−β ln Pλ(= − ln Pλλ
ln β/ ln λ), (A3)

where

β(Pλ, λ) ={ln(a/λ) − 1}−1.

β weakly depends on Pλ and λ, and is 0.3 ∼ 0.8 for λ < 1

and Pλ = 10−3 ∼ 10−8.

On the other hand, for λ ≫ 1, it is known that the

Poisson distribution is close to the normal distribution

with mean λ and variance λ. Thus, using the inverse com-

plementary error function, erfc−1(P),20a is expected to be

written as

a(P, λ) = λ +
√

2λ erfc
−1

(2P). (A4)

Note that P here is not Pλ, and a is no longer an integer.

From equations (A3) and (A4), a for a wide range of λ

may be approximately expressed as

a(P, λ) =λ +
√

λ{c0(P)λc1(P)

+
√

2erfc
−1

(2P) + c2(P)}, (A5)

20 In fact, the numerical function dierfc by T. Ooura is used:

〈http://www.kurims.kyoto-u.ac.jp/∼ooura/gamerf.html〉.
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Table 6. ATel reports summary of galactic black hole candidates.

Type Phenomena Object name ATel number (year/month)

Black hole Outburst 4U 1630−47 2363 (09/12), 3830 (11/12), 4992 (13/04), 6991 (15/01)

candidate H 1743−322 2364 (09/12), 2774 (10/08), 3842 (12/01), 4419 (12/09),

5241 (13/08)

GX 339−4 2380 (10/01)

MAXI J1659−152 2873 (10/09)

SLX 1746−331 3098 (11/01)

MAXI J1543−564 3330 (11/05)

MAXI J1836−194 3611 (11/08)

MAXI J1305−704 4024 (12/04)

MAXI J1910−057 4140 (12/06)

MAXI J1828−249 5474 (13/10)

V4641 Sgr 5803 (14/01)

XTE J1856+053 7233 (15/03)

State transition Swift J1753.5−0127 2341 (09/12), 7196 (15/03)

H 1743−322 2378 (10/01)

XTE J1752−223 2396 (10/01)

Cyg X-3† 2404 (10/01), 2635 (10/05), 3139 (11/02)

Cyg X-1 2711 (10/07), 3534 (11/08), 6115 (14/05)

MAXI J1836−194 3626 (11/09)

MAXI J1305−704 4035 (12/04)

4U 1630−47 4075 (12/04), 4395∗ (12/09), 4406 (12/09)

MAXI J1910−057 4198 (12/06), 4273 (12/07)

MAXI J1828−249 5483 (13/10)

XTE J1908+094 5549 (13/11)

(Brightening) XTE J1752−223 2259 (09/10)

∗Reports by other than MAXI team members.
†Cyg X-3 is tentatively classified as a black hole candidate here.

Table 7. ATel reports summary of neutron stars.

Type Phenomena Object name ATel number (year/month)

LMXB Outburst SAX J1748.9−2021 in NGC 6440 2360 (09/12)

(NS) 4U 1711−34 2425 (10/02)

4U 1608−522 2462 (10/03), 3237 (11/03), 4478 (12/10), 6550 (14/10)

Cir X-1 2608 (10/05), 2674 (10/06), 4661 (12/12)

XTE J1709−267 2729 (10/07), 5319 (13/08)

MAXI J0556−332 3102 (11/01)

SAX J1747.0–2853 3123 (11/01), 5041 (13/05)

Swift J1922.7−1716 3548 (11/08)

IGR J17191−2821 4170 (12/06)

MAXI J1647−227 4175 (12/06)

XTE J1810−189 4752 (13/01)

MAXI J1735−304 5096 (13/06)

1A 1744−361 in NGC 6441 5301∗ (13/08)

M 15 X-2 5327 (13/08)

MAXI J1421−613 5750 (14/01)

Aql X-1 7088 (15/02)
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Table 7. (Continued)

Type Phenomena Object name ATel number (year/month)

State transition Swift J1922.7−1716 3807 (11/12)

4U 1608−522 5094∗ (13/05)

GS 1826−238 6250 (14/06)

X-ray burst M 15 X-2 3356 (11/05)

1A 1246−588 3482 (11/07)

IGR J18245−2452 in M 28 4961 (13/04)

Superburst 4U 1820−30 3625∗ (11/09)

EXO 1745−248 in Terzan 5 3729 (11/11)

SAX J1828.5−1037† 3760 (11/11)

SLX 1735−269† 4622 (12/12)

4U 1850−08 5978 (14/03)

4U 0614+091 6668 (14/11)

(Brightening) 4U 2206+54 2271 (09/10)

4U 1323−619 2399 (10/01)

4U 1954+319 2702 (10/06)

MAXI J0556−332 4524 (12/10)

GRB 121225A 4911 (13/03)

4U 1700+24 6850 (14/12)

1RXS J180408.9−342058 7008 (15/01)

(flux drop) GX 13+1 6433 (14/09)

Pulsar Outburst A 0535+26 2277 (09/10), 2754 (10/07), 2970 (10/10), 5931 (14/02),

6569 (14/10), 7015 (15/02)

GX 304−1 2297 (09/11), 2779 (10/08), 3075 (10/12), 3309 (11/04),

3624 (11/09), 3856 (12/01), 4420 (12/09), 5205 (13/07)

V 0332+53 2369 (10/01), 2427 (10/02)

LS V +44 17 2527 (10/03)

GRO J1008−57 2769 (10/08), 3796 (11/12), 4355∗ (12/09), 4561 (12/11),

5004∗ (13/04), 5705 (13/12), 6465 (14/09), 6630(14/10),

6656∗ (14/11), 6819 (14/12), 6917∗ (15/01)

MAXI J1409−619 2959 (10/10)

XTE J1946+274 3048 (10/11)

4U 0115+63 3430 (11/06), 3677 (11/10)

4U 0142+61 3530 (11/08)

XTE J1858+034 3766 (11/11)

4U 1901+03 3829 (11/12)

KS 1947+300 5438 (13/10)

GRO J1744−28 5790 (14/01)

Cep X-4 6212 (14/06)

2S 1553−542 7018 (15/02)

XTE J1859+083 7034 (15/02)

H 1145−619 7215 (15/03)

(Brightening) MAXI J1409−619 3067 (10/12)

Swift J1843.5−0343 3114 (11/01)

GRO J1744−28 5963 (14/03)

SFXT Outburst(flare) AX J1841.0−0536 3018 (10/11)

XTE J1739−302† 6900 (15/01)

∗Telegrams by other than MAXI team members.
†The most probable candidate in crowed region, not confirmed by any other observatory.
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Table 8. ATel reports summary of active stars, AGNs, and others.

Type Sub-class or phenomena Object name ATel number (year/month)

Star dMe/dKe EQ Peg 3107 (11/01)

YZ CMi 3211 (11/03)

CC Eri 3837 (11/12)

V1054 Oph 4114 (12/05)

UV Ceti 4671 (12/12), 6026 (14/03)

AT Mic 5661 (13/12)

BY Dra∗ 6042 (14/04)

FK Aqr 6120 (14/05)

RS CVn HR 1099 2401 (10/01)

GT Mus 3021 (10/11)

UX Ari 3308 (11/04), 6315 (14/07)

SZ Psc 3737 (11/11)

CF Tuc 3897 (12/01)

IM Peg 6296 (14/07), 6322 (14/07)

Sigma Gem 6817 (14/12)

V824 Ara 6908 (15/01)

Algol Algol 3096 (10/12), 3809 (11/12), 4656 (12/12), 4841 (13/02)

YSO TWA-7 2836 (10/09)

Others HD 347929 2700 (10/06), 5075 (13/05)

Eta Car 6289 (14/07)

1RXS J043657.1−161258 6654(14/11)

LMC WD/Nova MAXI J0158−744 3756 (11/11)

& SMC Pulsar/outburst Swift J0549.7−6812 5289 (13/08)

Unknown/outburst MAXI J0057−720† 5925 (14/02)

AGN Tidal disruption Swift J164449.3+573451 3244 (11/03)

BL Lac/flare Mrk 421 2368 (10/01), 2444 (10/02), 3637 (11/09), 4978 (13/04),

5320 (13/08)

Mrk 501 3752 (11/11)

1ES 0033+595 4877 (13/03)

2FGL J1931.1+0938 5943 (14/03)

BZB J0244−5819 6012 (14/03)

GRB Prompt emission GRB 111215A 3810 (11/12)

Unknown Short burst (No name) 2321 (09/12), 2415 (10/02), 2476 (10/03), 2524 (10/03),

2842 (10/09), 2990 (10/10)

MAXI J1631−639 3316 (11/04)

MAXI J0827+811‡ 5444 (13/10)

MAXI J0545+043 6066 (14/04)

MAXI J0511−522 7200 (15/03)

Outburst? MAXI J1807−228† 4335 (12/08)

MAXI J1932+091 6174 (14/05), 6184 (14/05)

MAXI J1619−383 6708 (14/11), 6767 (14/11)

∗Not significantly detected.
†MAXI J0057–720 and MAXI J1807−228 might be identical to AX J0058–720 and SAX J1806.5−2215, respectively.
‡V496 Cam is within the error region of MAXI J0827+811, but not confirmed.

where

c0(P) = − ln P, c1(P) =
ln β

ln λ
−

1

2
. (A6)

The additional term c2(P) is introduced for a better approx-

imation described later.

Furthermore, recalling β to be weakly dependent on Pλ,

we replace all ci by

ci = cil log10 P + cic, (i = 0, 1, 2),

where cil and cic are constants, and we obtain the following

values from fits to proper curves calculated from the lower
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incomplete gamma function γ /Ŵ in equation (A1) for

0.1 ≤ λ ≤ 200 and 10−9 ≤ P ≤ 10−2.5:

c0(P) =−0.5673 log10 P − 0.0442, (A7)

c1(P) =−0.00314 log10 P − 0.4406, (A8)

c2(P) = 0.0177 log10 P + 0.0087. (A9)

c0 is dominated by the log coefficient c0l as expected from

equation (A6). The other parameters are all small, but we

confirm that those are necessary to give better fits.

Figure 11 shows examples of the criteria for P = 10−3

(left) and P = 10−8 (right) for various λ obtained from

the Poisson distribution [equation (A1), solid lines in the

upper panels] and the approximate function [equation (A5),

marks] using parameters in equations (A7)–(A9). The actual

criteria a′ are ⌈a⌉, where ⌈. . .⌉ is the ceiling function and the

value of a is that of equation (A5). The normal distribution

cases [equation (A4), and a′ = ⌈a⌉] are also shown by the

dotted lines.

The solid lines in the lower panels of both the figures

show the deviations of the approximate solutions from the

exact ones. Values λ are logarithmically sampled; only 10

and 21 data points in 510 show difference by 1 count, which

can be negligible for our purpose. Finally, it is interesting

to note that the contribution of c0λ
c1 to the total count is

significant for smaller λ, and almost constant ∼0.5log10P

through all λ as is expected in equations (A5), (A7), and

(A8), shown by the dotted lines in the lower panels.

Appendix 2. Transient events reported to the

Astronomer’s Telegram

Here we list transient events reported to the Astronomer’s

Telegram, in tables 6–8. The list includes telegrams written

not only by the MAXI team members, but also by others

when the events were reported as a result of substantially

using MAXI data (marked with “*” in the tables).

We also note that tables 6–8 include several transient

activities recognized not by the nova-alert system, but

by light curves of individual objects, or detections with

Swift/BAT or Fermi/GBM, e.g., A 0535+26 (Sugizaki et al.

2009), mainly in ATel reports posted in 2009, when the

nova-alert system had not fully worked.
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