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Abstract.

The possibility of a direct mass measurement of RR Lyrae variable stars in binary sys-
tems has remained elusive for many years, due to the apparent paucity of such systems.
Motivated by our recent success of finding a population of high confidence candidates,
we have been continuing the search for RR Lyrae variables in binary systems towards the
Galactic bulge. We describe the preliminary results of our project in these proceedings.

1 Introduction

Direct mass measurements of variable stars provide an indispensable tool to test the models of stellar
pulsation and evolution. Previously only one RR Lyrae star was known to be in a binary system with
high confidence ([5, 10]). This has changed when we announced 20 candidate binary systems, using
OGLE observations of RR Lyrae stars towards the bulge ([1]). Furthermore, an independent analysis
of field RR Lyrae has also found a few plausible binary systems ([6]). Finding new binary RR Lyrae is
paramount to understand their paucity, as well as to select suitable systems for follow-up observations.

2 Analysis

We are continuing our search for variations caused by the light-time effect ([2]) in the O—C diagrams
([9]) of the combined 7 band light curves of RR Lyrae stars (RRab subtype) of the OGLE-II, IIT and IV
projects ([7, 8]) towards the Galactic bulge, utilizing the same method as described in [1]. Compared
to the limited sample of the previous study (1952 stars), we have analyzed more objects (5948), by
relaxing the quality requirements of the analyzed light curves.

During our analysis, we have inspected the generated O—C diagrams and folded light curves of the
stars one by one. In many cases, the O—C diagrams show periodic signals similar to those caused by
the light-time effect, but inspection of the folded light curve revealed the presence of the Blazhko effect
([4]), usually with the same, long-term period as the O—C oscillations. In some cases the amplitude
modulation caused by the Blazhko effect is on the level of ~ 0.01 mag, despite the thousand-day long
periods. Based on this, we warn against the overinterpretation of O—C diagrams derived from timing
of the maxima of RR Lyrae stars alone. Unfortunately, this could be a plausible explanation for some
of the bright RR Lyrae binary candidates published by [6].
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3 Binary candidates

We have found ~35 new good binary candidates in the analyzed sample, after discarding all variables
showing the Blazhko effect. Preliminary analysis indicates the following results:

e The distribution of orbital periods is similar to that in our original study ([1]); the bulk of the
candidates is in the 8 — 12 yr range. Binaries with longer periods remain undetectable with the
light-time effect method due to the limited time coverage of the observations.

e There are no short-period (< few yr) RR Lyrae binaries; this is probably a side effect of binary
co-evolution prohibiting the formation of normal RR Lyrae variables in binaries with short orbital
periods.

e The frequency of RR Lyrae binaries is compatible with a lower limit of 4% as in [1], when taking
the lower average quality of the data into consideration.

e The majority of the candidates have low minimum companion masses, making radial velocity
follow-up observations challenging; the expected radial velocity signal is only a few kms~!, which
is superposed on the signal of the pulsation with tens of kms™.

We are organizing follow-up observations of our best binary candidates. An interesting possibility
of binary stellar evolution is that for a subset of these binaries the secondary body in the system could
be the degenerate remnant of an originally higher-mass star. If the star went through the asymptotic
giant branch (AGB) phase, it could have polluted the photospehere of the RR Lyrae with s-process
elements, producing a so-called CEMP (Carbon-Enhanced Metal-Poor) star. Up to this date, several
RR Lyrae variables have been found with such elemental enhancements ([3]); however, none of them
has been shown to still reside in a physical binary with the white dwarf remnant of the AGB star.
The detection of carbon enhancement by observing the CN band using low-resolution spectroscopy
can easily prove the existence of degenerate companions for our binary candidates, at a moderate
expense of telescope time on 8 m-class telescopes. In turn, these stars would be the very first RR Lyrae
variables spectroscopically confirmed to reside in a binary system.
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