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Abstract. There is a significant lack of binary stars with RR Lyrae compo-
nents. In this brief contribution, we introduce 20 new candidates in the Galactic
bulge identified on the basis of the Light-Travel-Time Effect with expected or-
bital periods between 3 and 15 years.
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1. Introduction

The mass of a star can be independently determined only when it orbits a
common center of mass with another body in a binary system. This is something
that is sadly lacking for RR Lyrae stars. There is only one RR Lyrae type
star that is known to reside in the binary system (Liska et al., 2016a), and
about one hundred candidates (listed in the online database Liska & Skarka,
2016)' determined mostly indirectly via the Light-Travel-Time Effect (LTTE,
e.g. Hajdu et al., 2015; Liska et al., 2016b) or through proper-motion anomalies
(Kervella et al., 2019).

Together with Cepheids and other radially pulsating stars, RR Lyrae stars
serve as classical distance standard candles, and thus, it is crucial to know
their masses accurately. Unfortunately, their masses are known only roughly
from evolutionary and pulsation models (e.g. Sweigart, 1987; Popielski et al.,
2000). An independent and accurate mass determination might be possible if
the RR Lyrae star is identified as an eclipsing binary component, which would

Thttps://rrlyrbincan.physics.muni.cz/



Binary stars with RR Lyrae components — new candidates in the Galactic bulge 443

not be an easy task. Due to the advanced evolutionary state of the RR Lyrae
star (a horizontal-branch giant) the companion would most probably have to
be a degenerate stellar remnant or low-mass main-sequence star, and in both
cases it would be a small, faint object producing only shallow or no eclipses.
Binary systems with other horizontal-branch or red-giant star components would
produce more distinct observables. Such binaries, however, are less likely to be
observed due to the short life-time of these evolutionary phases.

In addition, in order to avoid mass transfer during the evolution of the sys-
tem prior to the formation of the classical RR Lyrae star, only wide systems
are expected to have RR Lyrae components (Karczmarek et al., 2017). Thanks
to photometric observations spanning decades, sometimes even one century, the
easiest way to reveal candidates is through the light-time-travel effect (LTTE)
(Sterken, 2005). However, without confirmation using radial-velocity measure-
ments, the candidates cannot be assumed to be binary stars (Skarka et al.,
2018).

2. New candidates

In our study focused on searching for additional binary candidates via cyclic
period variations (Prudil et al., 2019), we investigated over 9000 stars from the
Galactic bulge. Because long-term period changes can be confused with the
long-term Blazhko effect, we selected only stars without detectable modulation
based on the study by Prudil & Skarka (2017). We used data from the OGLE-
III and IV phases (Soszyriski et al., 2011, 2014), and the KMTNet survey (Lee
et al., 2014), which give us datasets sometimes spanning more than 20 observing
seasons.

For the investigation of the period changes, we used the method developed
by Hertzsprung (1919). Each observing season was divided into two bins which
were fitted with Fourier series using the OGLE ephemerides. The time delay
was estimated from the phase shift of the light curves.

Initially, we found 200 stars with suspicious O-C’s. Among these stars,
the binary candidates identified by Hajdu et al. (2015) were also detected. To
strenghten the reliability of our candidates, we performed the test introduced
by Shibahashi (2017). We ended up with 20 strong binary candidates. Period
variations of these 20 candidates were fitted assuming binarity by using expres-
sions introduced by Irwin (1952). After fitting we get the full characterization of
the orbits. The parameter ranges of the orbital parameters are listed in Table 1,
the particular values and the full list can be found in Prudil et al. (2019).

3. Summary and future prospects

We complemented the currently known sample of RR Lyrae binary component
candidates with 20 additional stars. The values are in accordance with expecta-
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Table 1. Orbital parameter ranges of our 20 candidtes.

Porb [d] asin(i) [au] e w [deg] K [kms™ 1] f(M) [Mg]
1180-5041 0.18-4.28 0.05-0.61 —362-272 0.87-9.82 0.0002-0.412

tions given by the used data and are similar to those published by Hajdu et al.
(2015). Three of our candidate stars have assumed orbital periods less than 10
years and rather large amplitudes. Assumed companions of two of these stars
are supposed to have minimal masses comparable or larger than the RR Lyrae
component. In some circumstances (horizontal or asymptotic-giant branch na-
ture of the companion) possible eclipses could be observed. In any case, all our
candidate stars must be confirmed by radial-velocity observations, which will
be the natural next step. Untill the candidates are confirmed using radial veloc-
ity observations, all the companions, periods, orbital parameters, etc. are only
suspected.
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