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Abstract. In this study, we present the first analysis of the light curve of the
eclipsing binary KZ Vir. The light curve of KZ Vir were obtained from the
TESS database, while radial velocity measurements were taken from the lit-
erature. By utilizing simultaneous light and radial velocity curve analysis, we
determined the absolute parameters of the system and discussed the evolution-
ary status of its components. Our analysis revealed that the orbital inclination
of the KZ Vir system is ¢ ~ 57°, and it exhibits marginal eclipses.
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1. Introduction

Binary stars play a crucial role in stellar astrophysics. Through simultaneous
analysis of light and radial velocity curves, key parameters (e.g., orbital inclina-
tion, masses, radii, and temperatures of the component stars) can be determined.
These parameters are essential for providing reliable data for statistical studies
of both single and binary stars, enabling more accurate predictions about stellar
structure and evolution.

KZ Vir (HD 114726) was first noticed by Bond (1976) to exhibit light vari-
ation; however, due to its low light variation amplitude (0™.05), its period and
light curve could not be determined. The spectral type of the system was identi-
fied as F3V (Houk & Swift, 1999), and it was classified as a suspected eclipsing
binary based on HIPPARCOS observations Kazarovets et al. (1999). The first ra-
dial velocity study in the literature was performed by Rucinski et al. (2001) and
the spectroscopic mass ratio of the system was determined as 0.848(8). This
study also emphasized that the system is unlikely to be a contact binary and
that both components may be distorted detached stars. They attributed the low
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light variation amplitude to the system’s low orbital inclination. Although light
curves of KZ Vir obtained from various survey missions such as HIPPARCOS
(ESA, 1997), ASAS (Pojmanski, 2002), ASAS-SN (Jayasinghe et al., 2018) and
MASCARA (Burggraaff et al., 2018) exist in the literature, the nature of its vari-
ability has not been fully understood due to the low amplitude of brightness
variation. However, thanks to the high-precision data provided by the TESS
space telescope, a detailed light curve analysis can be performed.

2. Data and analyses

The TESS light curves used in this study were obtained from the MAST database,
and the radial velocity data were taken from Rucinski et al. (2001). We con-
ducted a simultaneous analysis of KZ Vir’s light and radial velocity curves using
the PyWD2015 code (Giizel & Ozdarcan, 2020), which was developed in Python
and is based on the 2015 version of the Wilson-Devinney (WD) code (Wilson &
Devinney, 1971) with a graphical user interface (GUI).

During the analyses with PyWD2015, Mode-2 for detached systems was
used, as suggested by Rucinski et al. (2001) and Avvakumova & Malkov (2014).
The effective temperature of the primary component was fixed to T7 = 6436 K,
as provided by Schofield et al. (2019), which was derived from color-temperature
relationships using dereddened (B-V) colors and validated against spectroscopic
temperatures from the PASTEL catalog (Soubiran et al., 2016), as well as in-
terferometric and asteroseismic data. The gravity darkening and the albedo co-
efficients were set to 0.32 and 0.5, respectively. The limb darkening coefficients
were interpolated automatically from the van Hamme (1993) tables under the
linear-cosine law assumption. We adjusted the effective temperature of the sec-
ondary component (73), orbital inclination (4), surface potential of components
(Q21,93), the system mass ratio (¢), the luminosity of the primary component
(L1), semi-major axis (a), and the gamma velocity (V) during the simultaneous
analysis. Due to the time difference between the radial velocity data and the
light curve data, both datasets were phased using different ephemeris, as given
in Rucinski et al. (2001) and Prsa et al. (2022), respectively.

3. Results and discussion

The radial velocity and light curve analyses are presented in Fig. 1, illustrates
the Roche geometry of the system and the graphic representation of the model
in Fig.2, illustrates the evolutionary status of the components in Fig.3. The
obtained parameters are listed in Table 1.

Both components are slightly evolved, but the primary component is more
evolved. This situation explains the low light variation outside of eclipses, which
is attributed to the distortion of the primary component (see Fig. 2 left panel.
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Also, as can be seen in the right panel of Fig. 2, a marginal eclipse occurs with
only a slight occultation of the primary component.
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Figure 1. The left panel shows RV curves of the KZ Vir system (red and blue dots)
and RV fits with PyWD2015 (red and blue lines), right panel shows LC curves from
TESS of the KZ Vir system (blue dots) and LC fits with PyWD2015 (red line).
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Figure 2. The left panel illustrates the Roche geometry of the system, and the right
panel presents a 3D visualization of the stellar components at phase 0.0.

Table 1. Results from the light curve analysis (with formal errors from the WD code)
and the absolute parameters of KZ Vir.

Parameter Value Parameter Value

i [°] 56.69 + 0.78 M,y [Mg] 1.59 + 0.03

a [Ro] 6.537+£0.028 M, [Mg)] 1.35+0.04
V, [km/s] —4.18+0.41 R; [Ro] 2.24 +0.01
q= My/M; 0.850+0.003 Rs [Rg] 1.58 £ 0.02
71 [K] 6436 L, [Lo] 7.72 4+0.09
T [K] 6471 + 10 Lo [Lo) 3.94+0.11
951 3.840 £ 0.006 loggi [cgs] 3.938 £+ 0.003

Qs 4.620+£0.017 loggs [cgs]  4.168 & 0.004




496 I. C)zavm, et al.

1.0¢ S
0.8t
2 06%
)
o
o
0.41
0.2t
— ZAMS
TAMS
0. } } + } ;'0
8.90 3.88 3.86 3.84 3.82 3.80 3.78

log Tefr (K)

Figure 3. The positions of the components of KZ Vir on H-R diagram (log Tes -
log L/Lg). The green star shape and red dot represent the primary and secondary
components, respectively.
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