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Abstract. A steady-state model has been considered to explain the observed properties of the LSSS RXJ0925.74748/MR Vel. The steady-state models consist of a C–O core surrounded by a hydrogen-rich envelope of the solar
abundances. At the bottom of the envelope, hydrogen is burned at the same rate as the star accreted it. Using the most
recent proton capturing reaction rates and β-decay rates, the cyclic reactions have been studied. In the present work,
effort has been made to explain the observed characteristics of the source RXJ0925.7-4758/MR Vel considering
the above mentioned model. The calculated values of luminosity (8.56 × 1037 erg s−1 ) and effective temperature
(94.19 eV) tally well with the observed one. Photoionisation code CLOUDY has been used to explain the observed
absorption edges in the spectrum of RXJ0925.7-4758/MR Vel.
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1. Introduction
For the last few decades, Einstein observatory, Roentgen Satellite (ROSAT), ASCA, CHANDRA, XMMNewton, SWIFT, SUZAKU and other ingenious devices
launched by different space agencies, are exploring
the X-ray sky. They have detected different types of
celestial X-ray sources with their sophisticated instruments. Luminous supersoft X-ray source (LSSS) [1–11]
is one such X-ray source. Data obtained from ROSAT
have established the LSSS as a separate class of object
that has extremely soft spectra (equivalent black-body
temperature of (20–100) eV and is highly luminous
(1036 –1038 erg s−1 ) [12] . LSSSs are divided into two
categories, namely relatively ‘soft’ LSSSs with spectra
that have the bulk of their ﬂux below 0.5 keV and relatively ‘hard’ LSSSs that emit mainly above 0.5 keV
[13]. According to Kahabka and Van den Heuvel [14],
LSSSs are classiﬁed as: CVs, CBSSs, WBSSs and symbiotic SSs. LSSSs can be explained as an accreting white
dwarf (WD) in a close binary (CB) system (ﬁrst suggested by Van den Heuval (1992)). WD accretes matter
from a more massive main-sequence secondary at a rate
just sufﬁcient to permit stable nuclear burning near its
surface [15].

In the present work, a model for accreting binary WD
suggested by Nomoto et al [16] has been considered
to explain the characteristics of LSSS RXJ0925.74758/MR Vel. Nomoto et al constructed steady-state
models for WD accreting matter of solar composition. The steady-state models consist of a C–O core
surrounded by a hydrogen-rich envelope of solar abundances. At the bottom of the envelope, hydrogen is
burned at the same rate as the WD accreted it.
Considering the above-mentioned model, luminosity
and effective temperature for the considered source has
been calculated and the mathematical relations used are
discussed in §2. Absorption edges of the source are studied in §3. Section 4 gives the conclusion of the present
work.
2. Luminosity and effective temperature
The values of luminosity and effective temperature
of the considered LSSS RXJ0925.7-4758/MR Vel are
calculated using the following relations. Energy production through a reaction cycle depends on the slowest reaction in the sequence and the nuclear energy
generation rate is given by
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Table 1. T9 = 0.11 K, ρ = 36 g/cc, accretion rate = 6.97 × 1027 g/yr.

LSSS

Observed
luminosity (L) Observed effective
(erg s−1 )
temperature (Teff ) (eV)

RXJ0925.7-4758/MR Vel

5 × 1037 [22]

96 [23]

E nuc = Q R12 /ρ
= Qρ NA [NA σ υX H X Z ]/A1 A2 erg g−1 s−1 . [17]
(1)
Here, R12 is the slowest reaction rate and Q is the total
disintegration energy in the cycle. NA is the Avogadro
number. A1 and A2 are the mass numbers of the reacting
nuclei of the slowest reaction rate.
When Ṁ (erg s−1 ) is the mass accretion rate and tacc
is the time scale of accretion, then total mass of the
accreted matter is
M = Ṁtacc . [18]

(2)

Energy radiated per second, that is luminosity L, is
given by
L = E nuc M erg s−1 . [17]

(3)

Effective temperature is given by
Teff = (L/4π R 2 σ )1/4 ,

(4)

where R is the radius and σ is the Stefan–Boltzmann
constant.
A steady-state model of WD mass = 1.35M ,
TH (K) = 0.11 × 109 (temperature of the H-burning
shell), ρH = 36 g/cc (density of the H-burning shell)
and the mass accretion rate Ṁ (M yr−1 ) = 3.5 × 10−7
is considered for the present study [16].
Under these considered parameters of H-burning shell
region, nucleosynthesis processes are studied. Nuclear
astrophysics compilation of reaction (NACRE) rates
[19–21] are taken for mathematical calculations because
more than half of the CF88 (Caughlan and Fowler) rates
have been recompiled on the grounds of careful evaluation of experimental data. Calculated values of the
luminosity and effective temperature with the considered parameters – temperature, density and accretion
rate – are presented in table 1 along with the observed
values [22,23] of RXJ0925.7-4758/MR Vel.

3. Absorption edges
The interstellar medium (ISM) can be studied with
a new window obtained from high-resolution X-ray
observations from the Chandra X-ray observatory and

Calculated
luminosity (L) Calculated effective
(erg s−1 )
temperature (Teff ) (eV)
8.56 × 1037

94.19

XMM Newton. When X-rays pass through the interstellar medium, it affects X-ray spectra in two ways:
photoelectric absorption, particularly at low energies,
and scattering by dust grains, producing X-ray halos.
Absorption features are from the excitation and ionization of inner-shell (K-shell) electrons at X-ray energies,
although for high-Z elements such as iron, L-shell
absorption edges are also detectable. The wavelength
range available to Chandra and XMM-Newton includes
absorption features from carbon through iron. The interaction of X-ray photons from bright point sources such
as galactic X-ray binaries with the ISM imprints absorption lines and edges in the spectrum of the source
[24].
The absorption edges in the spectrum of LSSS
RXJ0925.7-4748/MR Vel was discovered by the
ROSAT all sky survey [25]. Beardra et al [26] have ﬁtted the observed spectrum of MR Vel with the black
body model, LTE model atmosphere and NLTE model
atmosphere. The interstellar absorption edges due to
Ne1 (at λ = 14.30 Å) and Fe-L (λ = 17.54 Å) are
recognisable in the models and in the data and conﬁrm
that interstellar absorption is appreciable [26]. Motch et
al [27] reported a long XMM-Newton observation of
RXJ0925.7-4758/MR Vel involving the EPSC pn, RGS
and OM instruments. They remarked that interstellar ‘O’
edge is well marked at 23.3 Å and there are clear evidences for the presence of Fe-L and Ne1 edges at 17.54
Å and 14.30 Å.
In order to study the absorption edges of the considered source, the photoionisation code CLOUDY is
used. Using CLOUDY [28], we aim to understand the
physical conditions around the source by modelling the
absorption features with physical parameters. Several
models are constructed by varying ionisation parameter
(ξ ) and abundance. For the simulation by the CLOUDY
photoionisation code, the calculated value of effective
temperature T = 1.2 × 106 K is considered which represent the shape of the incident radiation ﬁeld.
To study the X-ray spectra of RXJ0925.7-4748/MR
Vel, the ROSAT data of LSSS RXJ0925.7-4758/MR
Vel have been ﬁtted with black body spectra and column
density with (1 – 1.9)×1022 cm−2 [25]. Bearda et al [26]
ﬁtted the spectra with NH = 1.28 × 1022 cm−2 . The
RGS spectra in the O edge region suggest an absorption
of NH = 1.5 × 1022 cm−2 [27].

Pramana – J. Phys. (2018) 90:28

Page 3 of 5

28

Figure 1. Position of absorption edges for old solar 84 abundance.

Figure 2. Position of absorption edges for GASS10 abundance.

The column density NH = 1022 cm−2 is considered
for the study in this line of present work for simulation. We have considered a constant density cloud at
a distance R = 1017 cm from the source. We have
calculated the grid of photoionisation models covering
log ξ = −3 to 1 for hydrogen density = 103 cm−3
using old solar abundance. After simulation, absorption edges are obtained at 0.533 keV, 0.71 keV and
0.854 keV in the transmitted spectra through the cloud
(ﬁgure 1). Then the abundances were changed and
GASS10 abundances were taken instead of solar abundance (ﬁgure 2). Equivalent width of the absorption
edges at different column densities for different ionisation parameters with old solar 84 and GASS10
abundances are calculated and are presented in tables 2
and 3.

4. Result
After simulation, sharp drops are found at 0.534 keV,
0.701 keV and 0.854 keV in the transmitted ﬂux through
the cloud. The drops at 0.534 keV and 0.854 keV can
be marked as oxygen K edge and Ne1 edge but the
drop at 0.701 keV can be predicted as Fe1 (L) edge.
In the gas with the ionisation parameters in the range

−3 ≤ log ξ ≤ 1 and solar abundance, absorption edges
are formed in the spectrum of the LSSS RXJ0925.74758/MR Vel.

5. Conclusion
The luminosity and effective temperature of LSSS
RXJ0925.7-4758/MR Vel are calculated using Nomoto
(2007) model and values are obtained as 8.56 ×
1037 erg s−1 and 94.19 eV respectively which are found
at par with the observed values [22,23]. By using
photoionisation code CLOUDY, with the variation of
variables, ionisation parameter and abundance, deﬁnite
absorption edges are obtained at 0.533 keV, 0.701 keV
and 0.854 keV which tally well with the observed values at 0.532 keV, 0.706 keV and 0.860 keV by XMM
Newton [27]. But absorption edge at 0.701 keV can be
predicted as Fe1 L edge which is observed as Fe L edge.
It is seen in the simulation process that higher values
of equivalent width of the absorption edges is obtained
using old solar 84 abundance than using GASS10 abundance. Since equivalent width is a measure of line
strength or total absorption in a line, it can be suggested from the present work that old solar 84 abundance
is more preferable in the system for explaining the
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Table 2. Equivalent width of the edges for different column densities with
old solar 84 abundance.

O edge (keV)
0.534

Fe1 L edge (keV)
0.701

Ne1 edge (keV)
0.845

Log ξ

Log(Nx ) (cm−2 )

Equivalent width (mÅ)

−3
−2
−1
0
1
−3
−2
−1
0
1
−3
−2
−1
0
1

17.226
17.583
17.856
18.07
18.22
16.002
16.335
16.625
16.848
17.003
16.154
16.535
16.859
17.107
17.28

∼64.29
∼120.79
∼169.41
∼199.13
∼265.98
∼3.52
∼12.20
∼30.66
∼50.61
∼59.35
∼4.76
∼13.50
∼22.63
∼32.99
∼44.15

Table 3. Equivalent width of the edges for different column densities with
GASS10 abundance.

O edge (keV)
0.534

Fe1 L edge (keV)
0.701

Ne1 edge (keV)
0.845

Log ξ

Log(Nx ) (cm−2 )

Equivalent width (mÅ)

−3
−2
−1
0
1
−3
−2
−1
0
1
−3
−2
−1
0
1

17.11
17.437
17.706
17.938
18.113
16.015
16.358
16.648
16.884
17.060
16.03
16.42
16.74
17.01
17.21

∼51.38
∼104.27
∼135.57
∼189.46
∼217.49
∼2.99
∼11.59
∼30.42
∼50.09
∼69.01
∼3.45
∼8.93
∼18.42
∼27.79
∼37.77

absorption edges. We also suggest that, the absorption
edges are formed in the spectrum of LSSS RXJ0925.74758/MR Vel because of the presence of a cloud of
old solar 84 abundance with ionisation parameters in
the range −3 ≤ log ξ ≤ 1 which is at a distance of
1017 cm from the source.
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