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Abstract

We investigate the origin of spectral features (a prominent Ne IX line and absence of Ne X line) of
X-ray transient from a particular nova in Small Magellanic Cloud, MAXI J0158−744, using a Monte-Carlo
method by considering line blanketing in an expanding wind, including N, O, Ne, Mg, and Al ions. The
results of our calculation indicate that a strong Ne IX line without a Ne X line is reproduced when the
wind contains Ne with the mass fraction at least several times more than that of the SMC, and most of
15O synthesized by the CNO cycle on the WD surface have decayed in the wind before the detection.
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1. Introduction

MAXI J0158−744 is a luminous X-ray transient lasting
about 103 s in the Small Magellanic Cloud (SMC; at the
distance of 60 kpc) discovered by MAXI in 2011 (Morii
et al. 2013; Li et al. 2012). Based on the follow-up
observation by Swift, SAAO, ESO, and SMARTS, the
X-ray flash is believed to be caused by a nova in the
super-soft source phase.

MAXI J0158−744 is known by its characteristics dis-
tinct from most novae. The X-ray peak luminosity
reached 2 × 1040 erg s−1, which is about 100 times
brighter than the Eddington limit of a solar mass object,
and the duration was very short (less than 1.10× 104 s).
The X-ray spectrum taken at t = 1296 s (Hereafter, t1296.
The time is measured from the MAXI trigger time.) has
especially remarkable features, that a strong Ne IX line
with the equivalent width of 0.32+0.21

−0.11 keV appears at
the energy of 0.92 keV but no prominent Ne X line at
1.02 keV. Here the spectrum is fitted with a blackbody
model by Morii et al. (2013) with the following param-
eters: the luminosity L1296 = 7× 1039 erg s−1, the tem-
perature kBT1296=0.33 keV (where kB is the Boltzmann
constant), and the photospheric radius R1296 =2,290 km.

Morii et al. (2013) indicate that there is a difficulty to
explain such a particular Ne IX line by considering only
electron collisional excitation in a thin-thermal region,
because in this case a large amount of emission measure
∼ 1063 cm−3 would be required, accordingly the region
would become optically thick.

In our study, we examine if the two spectral features

at t = t1296 referred above can be explained by resonance
line scattering by N, O, Ne, Mg, Al ions in a supersonic
wind, using a Monte Carlo simulation. We describe our
simplified wind model in Section 2., the radiative process
code in Section 3., the results in 4., and the conclusions
in Section 5..

2. Model of Accelerating Wind

We construct a model of nova wind by solving simplified
equations for a expanding nova wind. Here, we assume
spherically symmetry and the stationary of the wind, and
analytically solve an approximated momentum equation

v
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=

κL

4πr2c

(
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L

)
, (1)

where v is the velocity, r the radius, κ the opacity, L the
luminosity, c the speed of light, and LEdd the Eddington
luminosity of a WD with the mass MWD.
We calculate the ionization states in the wind using the

XSTAR subroutine (Kallman & Bautista 2001), assum-
ing that the mass fraction of each element is comparable
to the typical SMC abundance, i.e. 0.1 solar abundance
(Carrera R. et al. 2008; Anders & Grevesse 1989) except
otherwise specified and the temperature is 0.1T1296.

3. Monte Carlo Method

In this section we describe the treatment of radiative pro-
cess in the simulation. The energy distribution of pho-
tons irradiated from the photosphere follows the black-
body at T = T1296.
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Interaction of photons and ions occurs when the pho-
ton energy in the rest frame of ion is equal to a bound-
bound transition energy ϵlu (from n = l to n = u) of the
ions, i.e. ϵlu = ϵγ [1− (v/c) cosφ], where ϵ is the photon
energy in the laboratory frame, γ the Lorentz factor,
and φ the angle between the directions of the photon
momentum and the radius vector.
We take into account transitions from 1s2 to first nine

excited states for He-like and H-like ions of N, O, Ne, Al,
and Mg.

4. Results

In order to investigate the influence of each species of ions
on the spectrum, we begin with a calculation taking only
Ne into account. As a result, we found that a prominent
Ne IX line is formed when the Ne mass fraction XNe

is enhanced by a factor of several tens of times com-
pared with the SMC abundance, about 1.0 × 10−2 (We
assume this value of XNe in the following calculation.).
Meanwhile, no Ne X line is formed. This is explained
by the combination of the Doppler shift of photons and
the bound-bound transition, so-called line blanketing ef-
fect. Since a photon scattered off an ion gets redshift in
the rest frame of another ion in the expanding wind, the
next scattering occurs at a lower ϵlu.
Next, we calculate spectra including other abundant

ions with the SMC abundances. While the existence of
Mg, Al ions enhances the Ne IX line, that of O ions
weakens the Ne IX line and alternatively forms a strong
O VIII line. Therefore, XO is needed to be decreased in
order to reproduce the observed spectrum. We calculate
spectra with reduced XO and found that when XO de-
creases to ∼ 5×10−9, the O VIII line disappears and Ne
IX line appears again.

4.1. Oxygen Depletion

The reduction of XO may be realized by the CNO cy-
cle in the photosphere. We investigate the evolution
of the composition of the CNO elements by perform-
ing a nuclear reaction network calculation developed by
Shigeyama et al. (2010). Here we assume a constant
temperature (3× 108 K) and density (100 g cm−3). The
result indicates that most of 16O are converted to unsta-
ble isotopes 15O and 14O in ∼ 600 s after the reaction
starts. Both 15O and 14O decay to 15N and 14N in sub-
sequent 2400 s.

4.2. Fiducial Model

Finally, we calculate a spectrum including N ions, in-
creased through the O decay. The mass fraction of each
elements assumed in the fiducial model is shown in Ta-
ble 1. The mass loss rate is 9.1 × 1019 g s−1. Figure 1
displays the comparison of the results of calculation with
(red solid line) and without (green dash-dotted line) N.
The cyan dotted line represents the initially irradiated

blackbody with T = T1296. A Ne IX line with the equiv-
alent width of 0.18 keV and the half width of 80 eV
is formed, which seems to be compatible with the ob-
served spectrum. Though a N line is formed at 0.5 keV,
it would not be incompatible with the observation, be-
cause the sensitivity of MAXI SSC at this energy is a
factor of about 3 lower than that at 1 keV.

Table 1. Typical values for the mass fractions of relevant elements
in SMC (Carrera R. et al. 2008; Anders & Grevesse 1989) and
values assumed in our model.

SMC our model
N 1.1× 10−4 1.0× 10−3

O 1.0× 10−3 5.0× 10−9

Ne 1.9× 10−4 1.0× 10−2

Mg 6.9× 10−5 6.9× 10−5

Al 6.2× 10−6 6.2× 10−6
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Fig. 1. Spectra resulting from scattering calculations including O,
Ne, Mg, Al ions (green dash-dotted line) and additional N ions
(red solid line). The cyan dotted line is the initially irradiated
blackbody with T = T1296.

5. Summary

The strong Ne IX line and absence of Ne X line at t1296
of MAXI J0158−744 would be reproduced by consider-
ing the resonance line scattering, when the blowing wind
contains several ten times the amount of Ne more than
that of the SMC, and most O converted to N.
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