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Abstract

MAXI discovered a very luminous soft X-ray transient, MAXI J0158−744, toward the edge of the Small
Magellanic Clouds. The X-ray flash detected by MAXI/GSC and SSC during ∼ 1300 s reached up to ∼ 100
Eddington luminosity. Swift and optical observations suggest that it is a kind of nova explosion on a very
massive white dwarf with near or over Chandrasekhar limit. We proposed to interpret this X-ray flash as
the emission from the fireball phase, a direct manifestation of the ignition of the thermonuclear runaway
process in a nova explosion. Neon emission line in the SSC spectrum suggests that the composition of the
white dwarf is O-Ne-Mg. Inspired by this discovery, we started the other X-ray flashes for optical novae
using the MAXI/GSC and SSC data.
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1. Introduction

Monitor of All-sky X-ray Image (MAXI; Matsuoka et al.
2009) is an all-sky X-ray monitor, mounted on Japanese
Experiment Module, the Exposed Facility on the Inter-
national Space Station (ISS). MAXI carries two types of
X-ray cameras: Gas Slit Camera (GSC; Mihara et al.
2011; Sugizaki et al. 2011) and Solid-state Slit Cam-
era (SSC; Tsunemi et al. 2010; Tomida et al. 2011).
GSC and SSC have wide fields of view of 1.5◦×160◦ and
1.5◦ × 90◦, respectively. They scan almost all of the sky
every ∼ 92 min using the attitude rotation of the ISS.
GSC covers the 2−30 keV band using gas proportional
counters, while SSC covers the 0.5−12 keV band with
X-ray CCD.

MAXI J0158−744 was discovered as a bright soft X-
ray transient on 2011 November 11 by MAXI GSC at the
east edge of the Small Magellanic Cloud (SMC). It was
subsequently detected twice by the MAXI SSC in scans
at +220 s and +1296 s (Kimura et al. 2011; Morii et
al. 2013). Swift XRT performed follow-up observations
from 0.44 days after the MAXI discovery. It found the
X-ray counterpart and localized the position at a known
Be-type star with ∼ 13 mag. The Swift/XRT spectra
in later phase up to about one month are similar to the

super-soft source (SSS) phase of novae. This source is
then thought to be a kind of novae at a binary system
consisting of a white dwarf and a Be star (Li et al. 2012;
Morii et al. 2013). This start of the SSS phase is ex-
tremely early when compared with the other novae, and
is beyond the expectation in models of novae on typical
solar mass white dwarfs (Hachisu & Kato 2006). MAXI
J0158−744 is thought to be a nova explosion with un-
usually low ejecta mass and the white dwarf is unusu-
ally massive near or even over the Chandrasekhar limit
(Morii et al. 2013).

2. X-ray flash

The unabsorbed X-ray luminosity of the three MAXI
scans are ∼ 3 × 1039, ∼ 2 × 1040 and ∼ 7 × 1039 erg
s−1 in the energy range of 0.7 − 7.0 keV, assuming the
distance of 60 kpc. Those are one or two orders of mag-
nitude brighter than the Eddington luminosity of a so-
lar mass object. These spectra can be modeled by both
blackbody and thin-thermal models. The third scan con-
tained a He-like neon emission line (Morii et al. 2013).
In the previous and next scans at −5530 s and +5545 s,
MAXI/GSC did not detected this source. So, the rise
time of this transient is very rapid within 5.5 × 103 s.
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The emission line detected in the third scan suggests
that the origin of the X-ray emission is optically thin
thermal emission. However, Morii et al. (2013) showed
that the emission measure needed to explain this huge
luminosity, ∼ 1063 cm−3, is too large, when the rapid
rise time is considered.

Morii et al. (2013) instead proposed another scenario
to explain the X-ray flash of MAXI J0158−744 as ther-
monuclear runaways (TNR) at the ignition phase (= fire-
ball phase) of a nova. In this process, the thermal energy
produced by the TNR is conveyed by the convection and
released outside the envelope with a timescale of ∼ 100 s.
For usual novae with usual masses, transient soft X-ray
emission for ∼ 100−1000 s just after the TNR is theoreti-
cally predicted (Starrfield, Iliadis & Hix 2008). However,
this emission has not yet been observed (Krautter 2008).
Such an X-ray emission is expected to have a tempera-
ture less than 0.1 keV and to reach about 10 times the
Eddington luminosity. Since the mass of the white dwarf
of MAXI J0158−744 is inferred to be very massive, we
speculate that the TNR would produce more luminous
X-ray emission and the temperature would be higher in
this case.

3. Mechanism of neon emission line

In this nova ignition scenario, basically blackbody X-
ray emission is expected. However, in the third scan
of MAXI observation, we detected a strong neon emis-
sion line. This emission feature usually suggests that the
emission process is optically-thin. Morii et al. (2013)
thus assumed the optically thin thermal emission region
around the photosphere, which would expand at the time
of ∼ 1000 s. However, this cannot be optically thin to
produce the observed emission measure of ∼ 1063 cm−3.
Finally, this enigma is solved by Ohtani, Morii &

Shigeyama (2014) based on the ignition scenario by con-
sidering the following three processes. One is the reso-
nance scattering of photons from the blackbody radiation
from the photosphere in the expanding nova wind. This
produces the P-Cygni profile, then optical depth prob-
lem is solved due to the suppression of self absorption at
the line energy. The second effect is the line blanketing
effect, then the emission lines above the He-like neon is
suppressed, and instead the He-like neon is enhanced.
The third effect is oxygen depletion by CNO cycle reac-
tion, otherwise the line blanketing effect cannot stop at
the He-like neon line. They showed that the transient
strong He-like neon and nitrogen line emission can be
generated in nova ignition phase with super-Eddington
luminosity.

4. Be-white dwarf binary system

Figure 1 shows the artistic illustration of the binary sys-
tem of MAXI J0158−744 at the time of the nova explo-

sion. It is the binary system consisting of a white dwarf
and a Be star. It is a strange system because the ages
of these stars are quite different: the former star usually
old with age of ∼ 1010 years, while the latter is young
with age of ∼ 107 years. The formation of such a binary
system was predicted by Raguzova (2001). According
to this model, the binary system consisting of a very
massive O-Ne white dwarf near the Chandrasekhar mass
and a Be star can be formed by mass transfer during the
binary evolution.

5. Search for other X-ray flash from novae

Inspired by the discovery of the soft X-ray flash from
MAXI J0158−744, we started to search the similar X-
ray flashes in the accumulated MAXI data from the past
novae. Two types of X-ray flashes are expected in the
MAXI data. Those are the fireball phase and shock-
induced optically thin emission as observed in RS Ophi-
uchi in 2006 (Sokoloski et al. 2006). So far, we checked
for 19 classical novae discovered between 2009 and 2011.
We found no significant detection in both types of X-ray
transients in 2-4, 4-10, and 10-20 keV energy ranges of
MAXI GSC data.

6. Summary

MAXI J0158−744 is a soft X-ray transient, in which the
most photons were detected only below 5 keV. No sim-
ilar phenomena have been known so far except for the
supernova shock breakout, however no supernova was
reported for this location. Then, this is a new astronom-
ical phenomenon. The luminosity of the initial X-ray
flash was very luminous, reaching the peak luminosity of
∼ 2× 1040 erg s−1 (0.7− 7.0 keV). The spectrum of the
third MAXI scan showed a He-like neon emission. The
emission mechanism of this emission line was difficult
to be understood. Finally, Ohtani, Morii & Shigeyama
(2014) solved this enigma. Therefore, the very luminous
soft X-ray transient MAXI J0158−744 is indeed a discov-
ery of the ignition of a nova. Figure 2 illustrate the nova
explosion of MAXI J0158-744, which is a nova explosion
on a very massive white dwarf, by comparing with usual
novae on white dwarfs with usual masses.
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Fig. 1. Artistic illustration of the binary system of MAXI J0158−744 (Credit: Takuya Ohkawa). The left star is an exploding white dwarf.
The right star is a Be type star, which is accompanied with a disk.
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Fig. 2. Comparison between nova explosion of MAXI J0158-744 and usual novae.
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