
60

Black Hole Transients and MAXI Nova Alert System
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Abstract

MAXI, Monitor of All-sky X-ray Image is one order of magnitude more sensitive than previous in-
struments, so that MAXI is the most advanced X-ray monitor to discover X-ray transient objects such as
X-ray novae. MAXI’s capability to discover black hole X-ray novae and scientific objectives are discussed
through a historical and statistical analysis of newly compiled list of 45 black hole candidates. Finally,
MAXI’s nova finding and alert system is discussed.
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1. Introduction

In the X-ray sky, new stars often appear and disappear.
Such X-ray stars are referred to as X-ray transients. X-
ray transients of which emission lasts relatively long,
on timescales of days or months, are called X-ray no-
vae (XNe), distinguishing them from flares, bursts, and
flashes. X-ray novae are binary systems consisting of a
main sequence star and a black hole (candidate) or a
neutron star. Most black hole candidates, BHCs, are
such X-ray novae (McClintock & Remilard 2007, here-
after MR07, and references therein). Inversely, X-ray
novae sometimes stands for BH transients. Especially,
so-called soft X-ray transients, SXTs, often indicate BH
transients (Tanaka & Shibazaki 1996, TS96).
MAXI, Monitor of All-sky X-ray Image (Matsuoka et

al. 1997), is undeniablely the best X-ray monitor to date
to discover such X-ray transients. MAXI has the largest
effective area to date, thereby providing a sensitivity that
is one order of magnitude higher than that of previous
instruments. Furthermore, by making the best use of
the International Space Station, ISS, network, MAXI can
send alert information to the world in as fast as ∼10 s!
In §2, the importance of the discovery of BH tran-

sients to the BH study is emphasized. In §3 and §4, a
rate for the discovery of new BH transients with MAXI
is estimated, and MAXI’s scientific objectives are dis-
cussed. Finally, transient source finding/alert system of
the MAXI ground software system, currently under de-
velopment, is described.

2. Black Hole Study and Black Hole Transients

A number of efforts to find evidence for the existence of
black holes has been made, and indications have been
found (e.g., Narayan et al. 1997). However, so far we

have only observed conditions necessary for the presence
of black holes, and are still lacking any solid direct evi-
dence, for instance, for the existence of the event horizon.
Thus, the BHCs are still BH ”candidates”, though in this
and other papers the term ”black hole” is often used.
The number of BHCs that are persistent-emission

sources is very small in our Galaxy. More than 90 %
of BHCs are indeed X-ray transients (MR07). Thus, to
study BHCs is to study BH transients. The BH tran-
sients also have provided us with new insights into the
BH studies: powerful jets, various QPOs in addition to
various states and the state transitions. Some of these
properties are also good candidates for direct evidence
for the black hole. In this sense, to discover BH tran-
sients is of great importance to the study of black holes.

3. X-ray Novae & MAXI

Currently, 20 mass-estimated BHCs and 25 second-class
BHCs which show similar timing or spectral properties
to those of the mass-estimated BHCs are known in our
Galaxy (LMC X-1 and LMC X-3 are also included ac-
cording to MR07). Shown in Table 1 & 2 is a newly
compiled list of the BHCs, focusing especially on the
first detections of the sources. After the publication of
the paper by MR07, A 1742-289 was found to be a neu-
tron star burster (Maeda et al. 1996). Casares et al.
(2004) and Orosz et al. (2004) have upgraded X1354-64
and XTE J1650-500 to the mass-estimated BHCs, re-
spectively, and 5 second-class BHCs have been added to
the list.

3.1. Discovery Rate of Previous X-ray Novae

Figure 1 illustrates the history of the discoveries of the
last 20 years, when Ginga/ASM and RXTE/ASM had
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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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Fig. 2. The Galactic plane map of BHCs, of which distances have been measured. The background image is from wikipedia.org. The distances
used are basically the latest estimates as shown in table 1–2. The sources near the Galactic center are projected onto the plane at the
distance to the center. Source names starting with ”J” should be read as ”XTE J”. The persistent emission sources are marked with
(cyan) star symbols. The distance to the Galactic center is assumed to be 8 kpc.

BHCs/yr. This means that if MAXI works as expected,
we could discover as many as one new BHC per month!
Of course, recurrent outbursts of the known BHCs and
other X-ray novae of neutron binaries are also expected
to be observed frequently with MAXI.

4. MAXI Objectives

BHCs exhibit various timing and energy spectral fea-
tures classified into several states: ultrasoft/slim-disk,
very high, high/soft, intermediate, low/hard and quies-
cence/off states. MAXI has two different kinds of in-
struments, the GSC with the wide energy band sensitive
at 2–30 keV and the SSC with good energy resolution,
so that one can see detailed spectral evolution during
an outburst just like that of GS 1124-684 observed with
Ginga /ASM (Kitamoto et al. 1992) and LAC (Ebisawa
et al. 1994). Of course, followup observations with other
satellites or observatories like for instance Suzaku are es-
sential for further detailed study.
Oda et al. (2007, also see Matsumoto in this volume)

have found from their MHD simulations a new solution of
the accretion disk model, a magnetically supported, op-
tically thin cool disk, which is expected to appear during
the transition between the hard and soft states. Obser-
vationally, it may be referred to the ”high-to-low transi-

tion” state (Miyamoto et al. 1993) or the ”intermediate”
state (Mendez & van der Klis 1997). For such a study,
MAXI will also be very helpful.

It has been difficult for pointing observatories to catch
powerful, relativistic jets. Fender et al. (2004) have
shown that the powerful jets tend to appear just before
the transition to the soft state. From the continuous
observations with MAXI it will be possible to predict
the appearance of jets. It will therefore become eas-
ier than before to observe a jet source simultaneously
in X-rays (MAXI) and other wavelengths, for instance
with FOFAR (see Fender in this volume). The origin of
these mysterious jets might be understood from upcom-
ing MAXI and other wavelength data.

It is difficult for MAXI to detect high frequency QPOs,
but their appearance is expected from that of low fre-
quency QPOs detectable with MAXI (e.g., Remillard et
al. 2002). Followup observations with RXTE, Suzaku
and ASTROSAT are highly encouraged.

Finally, the beginning of an outburst, which has rarely
been observed, is of great interest because we might fi-
nally be able to determine whether the event horizon
really exists or not (c.f., Narayan et al. 1997).

This document is provided by JAXA.
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OCS

data processing in 

MAXI (DP) ≤ 1-2 s

JEM ~  OCS ~ GSE

transfer time ~ 3 s ?

processing

telemetry

 < 2-3 s

nova-finding

< 1 s

JAXA@TKSC
Ground Support Equipment

Ground Software

System

Fig. 3. Data flow and necessary time to generate/transfer data from MAXI onboard to a nova-finding system on the ground.

5. MAXI Nova Alert System

This section describes our nova (transient object) find-
ing and alert system currently under development and
how one can obtain information about a nova and other
transient object discovered with MAXI.
Figure 3 illustrates the data flow from MAXI onboard

the ISS to the ground data processing system. Telemetry
data are generated every second and transfered to the
ground using the ISS quasi-realtime network. However,
the whole transfer takes about 10s to complete, even
though our nova-finding system takes only less than 1s
to obtain the first alert information (Negoro et al. 2008).
After the detection of a new source, we are planing to

send alert information via the GCN (Gamma-ray burst
Coordinates Network: http://gcn.gsfc.nasa.gov) circular
for short transient events such as gamma-ray bursts on
the timescale of seconds. For X-ray novae, which will be
detectable on timescale of one scan (∼40 s) or hours, in-
formation will be sent via e-mail to the people who have
registered at the MAXI web site (http://maxi.riken.jp;
see Kohama et al. in this volume).

The author thanks David Röhrscheid for careful reading
of the manuscript.
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