
Bull. Soc. R. Sci. Liège, 2024, 93(3), 356–362 Peer-reviewed conference paper
doi:10.25518/0037-9565.12407

Modeling the Spectrum of the High-mass X-ray Binary System
IGR J17544-2619

Evgeniia NIKOLAEVA1,∗, Olga MARYEVA2 and Ilfan BIKMAEV1

1 Kazan Federal University, Kremlyovskaya Street 18, Kazan, 420008, Russian Federation
2 Astronomical Institute of the Czech Academy of Sciences, Fričova 298, 25165 Ondřejov,
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Abstract
We revised the parameters of the high-mass X-ray binary IGR J17544-2619 using the well-
measured distance to the system from the Gaia survey. We modeled the spectrum of the optical
component using the PoWR model grids and the CMFGEN code, and determined its physical
parameters: Teff = 32000 K, logg = 3.6, L∗ = 1.8 · 105 L⊙, mopt = 27.5M⊙. The measured
parameters made it possible to determine the optical component’s position on the Hertzsprung–
Russell diagram as a star that has left the Main Sequence.
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1. Introduction
The source IGR J17544-2619 is a prototype of the population of Supergiant Fast X-ray

Transients (SFXT). It is a high-mass X-ray binary that consists of a massive O9 optical star [1]
and a, possibly strongly magnetized, neutron star. Researchers have verified the SFXT proper-
ties of this object, studied its behavior and flare activity, and built models of matter accretion
[2, 3]. However, there are discrepancies in the physical parameters determined for the optical
component in the research works of Giménez-García et al. [4] and Bikmaev et al. [5].

Giménez-García et al. [4] used the Potsdam Wolf–Rayet (PoWR) model atmosphere code
[6] to simulate the stellar atmosphere. By setting the distance to the object to 3.0 kpc, they found
that the luminosity of the optical companion is log(L∗/L⊙) = 5.4± 0.1, which corresponds to
the spectral class O9I. Bikmaev et al. [5] used the STAR code [7] and determined the physical
parameters from helium lines, assuming a stationary atmosphere without stellar wind. They
derived a luminosity of log(L∗/L⊙) = 4.98±0.1 and concluded that the optical component is a
main sequence star.

The new distance estimate of 2.52 ± 0.17 kpc from Gaia DR3 [8] data prompted us to
recalculate the parameters of the optical component.
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2. Results
To simulate the spectrum of the investigated object for determining the starting parameters

of the model (L∗, T∗, and logg), we selected the most suitable model from the grid of models
PoWR for OB stars [9] (Figs. 1a and 2), satisfying the following requirements: the spectral
energy distribution (SED), recalculated for a distance of 2.5 kpc and extinction E(B−V ) =

2.03, closely matches the photometric observation points; helium lines of the I and II ionization
stages are well described and the ratio can be used to derive temperature. The best model
is obtained for log(L∗/L⊙) = 5.25, T = 32000 K and logg = 3.6 (Fig. 2, PoWR OB-I model
32-36). The uncertainty on the distance limits the accuracy of the logarithm of luminosity
to ±0.06. The accuracies for logg and T∗ are limited by the grid step and are 0.2 dex and
1 kK, respectively. The observed moderate-resolution (2.5 Å) spectrum was obtained with the
TUBITAK National Observatory “TUG” Faint Object Spectrograph and Camera (TFOSC) on
the 1.5-meter Russian–Turkish Telescope RTT-150.

The spectrum from the PoWR model grids – OB-I model 32-36 – is calculated by adopting
a low mass-loss rate (Ṁ = 10−7 M⊙ yr−1) and does therefore not describe the Hα line profile.
Using the parameters of the chosen PoWR model, we then calculated the theoretical spectrum
using the CMFGEN code [10, 11] for several sets of stellar wind parameters (Ṁ, V∞, β ), and
clumping parameters (P1, P2). The law f (r) = P1 +(1−P1)e−V (r)/P2 was used to account for
clumping. The best fits are shown in Fig. 3.

Instead, as is typically done in the literature, a fixed wind-velocity structure was adopted
as a modified β -law (see, e.g., [12]), which smoothly connects the wind regime with the quasi-
hydrostatic inner layers. The connection velocity in our models is set to 10 km s−1, slightly
lower than the speed of sound.

Evolutionary tracks previously published by Ekström et al. [13] were used as an initial
approximation to determine the chemical composition (Fig. 1b). Chemical abundances were
determined on the basis of the best agreement between the observed and theoretical spectra
of the object. The mass fractions of hydrogen and helium were found to be 0.60 and 0.38,
respectively. The mass of the optical star obtained from spectral modeling corresponds to the
calculated evolutionary tracks for this value.

Knowing the orbital parameters [5] (with a mass function f (m) = 0.0035±0.001M⊙) and
the mass of the optical star derived from modeling the spectrum (mopt = 27.5M⊙), we calculate
a lower bound of 1.44± 0.15M⊙ for the mass of the compact object. The binary system thus
most likely consists of a star that has already left the Main Sequence and a neutron star.
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Figure 1: (a) Comparison of synthetic spectral energy distributions
(SEDs) calculated with PoWR for Teff = 32000 K with photometric
measurements from the Russian–Turkish telescope RTT-150, and from
the Pan-STARRS [14], Gaia [8] and 2MASS [15] catalogs. (b) Position
of IGR J17544-2619 on the Hertzsprung–Russell diagram according to
[4, 5] and this work. Solid lines are evolutionary tracks from Ekström
et al. [13].
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Figure 2: Comparison of the modeled (PoWR OB-I model 32-36) and
the observed (RTT-150–TFOSC data) spectra.

Figure 3: Fits of the Hα line profile for different combinations of Ṁ
and P2 parameter values, calculated with the CMFGEN code for V∞ =

2150 km s−1, β = 0.8, and P1 = 0.05.
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