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ECLIPSING BINARIES WITH POSSIBLE β CEPHEI VARIABLES
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Abstract. In this study, we present the result of our candidate β Cephei stars search in eclipsing binary
systems. Candidate eclipsing binary systems were selected from the catalog given by Avvakumova et al.
(2013). Using the available public data of 29 systems, the binarity effects from the light curves were removed
after a light-curve analysis and to disclose possible pulsations, a frequency analysis was carried out on the
residuals. As regards to pulsation, some candidate slowly pulsating B (SPB) variables were revealed, but no
convincing detection of new β Cephei stars was achieved.
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1 Introduction

The existence of pulsating stars in eclipsing binary systems has been known for decades. These systems are
astrophysically valuable because their pulsation and binary characteristics allow us to obtain accurate funda-
mental stellar parameters (mass, radius) and to probe their interior structures. B type pulsating variables,
in particularly β Cephei stars, in eclipsing binaries are useful objects to understand the evolution from the
main-sequence to supergiants via their binary nature as well as pressure and gravity modes. However, the
known number of these variables is small. Therefore in this study, we present a search for β Cephei variables
in eclipsing binaries (BCEB) to reveal new candidates and to understand the pulsational behaviour in these
eclipsing binary member pulsators. We selected the candidates considering the following conditions. First, stars
having spectral type B5 and earlier were selected as candidate BCEB stars from the most recent eclipsing binary
catalog of Avvakumova et al. (2013). Second, Teff values of the candidates were estimated using the relation
between spectral type and Teff (Gray & Corbally 2009). Third, luminosity values were calculated using mostly
the Gaia (Gaia Collaboration et al. 2016, 2018), but also the Hipparcos (van Leeuwen 2007) parallaxes. As a
final step, we plotted the candidate stars on the Hertzsprung-Russell (H-R) diagram (Fig. 1). The stars inside
the β Cephei instability strip were selected as target objects.

2 Light Curve and Frequency Analysis

The photometric data of the selected candidate BCEB stars were retrieved from the SuperWASP and ASAS
archives. Only 29 candidate β Cephei stars have available photometric data. These data were used for the light
curve and frequency analyses. First, binary light curve analysis was performed by using the Wilson-Devinney
code (Wilson & Devinney 1971). Second, the data of individual stars were cleaned from the binarity effects
by using our binary light curve models. Third, a frequency analysis was carried out to the residuals using the
Period04 (Lenz & Breger 2005) program to detect β Cephei type pulsators. As a result, we classified some
candidate SPB variables. No convincing β Cephei candidate was found.

3 Conclusions

In this study, the result of our research for candidate BCEB stars is presented. We discovered a few SPB
candidates, while no β Cephei candidates were found. To confirm the SPB type variability of the candidate
stars and to find new β Cephei stars in eclipsing binaries, we plan to examine high-quality TESS data with the
same methods as well. Some of the candidate BCEB and SPB systems have been already observed by TESS
and most of the remaining systems will be observed during the mission. The high-quality TESS data will allow
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Fig. 1. The position of candidate β Cephei stars in eclipsing binary systems in the H-R diagram. The theoretical
instability strips of β Cephei and slowly pulsating B (SPB) stars are from Pamyatnykh (1999).

us to confirm the pulsational variability in the candidate stars. There is one system in our sample, δ Pic, which
was defined as a BCEB star using BRITE data (Pigulski et al. in preparation). This system was also observed
by TESS and the pulsations were detected clearly. In further work, we will analyse available TESS data of the
systems to reveal their oscillations, if they exist. As a result of this study, we aim to understand the pulsational
behavior of β Cephei and SPB stars in eclipsing binary systems. Additionally, the fundamental parameters
(mass, radius) of BCEB and SPB stars can be derived precisely and be used as input parameters in theoretical
studies.
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