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8Departamento de Matemática y Fı́sica Aplicadas, Universidad Católica de la Santı́sima Concepción, Alonso de Rivera 2850, Concepción, Chile
9Indian Institute of Astrophysics, II Block Koramangala, Bangalore 560034, India
10Institut Utinam, CNRS UMR6213, Univ. Bourgogne Franche-Comté, OSU THETA, Observatorie de Besançon, BP 1615, F-25010 Besançon Cedex, France
11Instituto de Astronomı́a y Ciencias Planetarias, Universidad de Atacama, Copayapu 485, Copiapó, Chile
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ABSTRACT
OGLE-LMC-DPV-065 is an interacting binary whose double-hump long photometric cycle
remains hitherto unexplained. We analyze photometric time series available in archive data
sets spanning 124 yr and present the analysis of new high-resolution spectra. A refined orbital
period is found of 10.d031 6267 ± 0.d000 0056 without any evidence of variability. In spite of
this constancy, small but significant changes in timings of the secondary eclipse are detected.
We show that the long period continuously decreases from 350 to 218 d during 13 yr, then
remains almost constant for about 10 yr. Our study of radial velocities indicates a circular orbit
for the binary and yields a mass ratio of 0.203 ± 0.001. From the analysis of the orbital light
curve, we find that the system contains 13.8 and 2.81 M� stars of radii 8.8 and 12.6 R� and
absolute bolometric magnitudes −6.4 and −3.0, respectively. The orbit semimajor axis is 49.9
R� and the stellar temperatures are 25 460 K and 9825 K. We find evidence for an optically
and geometrically thick disc around the hotter star. According to our model, the disc has a
radius of 25 R�, central and outer vertical thickness of 1.6 R� and 3.5 R�, and temperature of
9380 K at its outer edge. Two shock regions located at roughly opposite parts of the outer disc
rim can explain the light-curve asymmetries. The system is a member of the double periodic
variables and its relatively high-mass and long photometric cycle make it similar in some
aspects to β Lyrae.

Key words: stars: binaries: eclipsing, close, spectroscopic – stars: activity, circumstellar
matter – fundamental parameters.
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1 IN T RO D U C T I O N

Stellar magnetic dynamos are relatively common in solar-type stars,
and magnetic activity in binaries containing GK dwarfs is well
documented in the RS CVn systems (Hall 1989). The situation in
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Algol-type variables is less clear. Algols are semidetached binaries
with intermediate-mass components, where the less-massive star,
dubbed secondary or donor, is more evolved than the more massive
star, named gainer or primary. Some authors have proposed that or-
bital period changes observed in some close binaries might be driven
by magnetic cycles through the Applegate (1992) mechanism; the
angular momentum of the star and the binary is redistributed during
the magnetic cycle producing the observed orbital period changes
(Lanza, Rodonò & Rosner 1998; Lanza & Rodonò 1999). Further
studies indicate that the presence of a dynamo may modulate the
mass transfer rate in Algol systems, leading to a characteristic
impact of the dynamo cycle on the system luminosity (Bolton
1989; Meintjes 2004). In this context the existence of a group of
hot Algols showing a long photometric cycle lasting on average
about 33 times the orbital period might be relevant, since this
variability has been recently interpreted in terms of a magnetic
dynamo (Schleicher & Mennickent 2017). If this hypothesis turns
to be correct, one may deduce that the stellar dynamo is also
active in the hot, rapidly rotating (orbitally synchronized) A-type
giants in some semidetached Algols. In fact, for the Algol binary
V393 Sco indirect evidence for magnetism in the secondary star
has been deduced from the presence of chromospheric emission
lines (Mennickent, Schleicher & San Martin-Perez 2018). These
authors note that the spin-up of the donor during mass-transfer
stage increases its dynamo number, likely enhancing the proba-
bility of occurrence of a magnetic dynamo at the semidetached
stage.

The aforementioned group of hot Algols showing long photo-
metric cycles in addition to their orbital variability is named double
periodic variables (DPVs; Mennickent et al. 2003; Poleski et al.
2010; Pawlak et al. 2013; Mennickent, Otero & Kołaczkowski 2016;
Mennickent 2017). DPVs are semidetached binaries typically con-
sisting of an A/F/G giant star filling its Roche lobe and transferring
mass onto a B-type primary surrounded by a circumprimary disc.
Among Galactic DPVs, one famous example is β Lyrae (Guinan
1989; Harmanec et al. 1996; Harmanec 2002).

Few extragalactic DPVs have been studied at some detail.
Among them, the case of OGLE-LMC-DPV-065 (OGLE05200407-
6936391; RA2000 = 05h20m04.s 07, Dec.2000 = −69o36′39.′′1) is
notable, since it is one of the brightest DPVs in the LMC (V = 14.74,
B − V = −0.07), and shows a remarkable change in the long period
from 350 to 210 d in 15 yr that clearly stands out among the rest of
the DPVs. In addition, the system is eclipsing, with a 1.4 mag deep
main eclipse and a comparatively large amplitude of the long cycle
of 0.3 mag, in the I band. To date, there is no other DPV with such
a remarkable change in the long cycle. The orbital period has been
reported as Po = 10.d031 645 ± 0.000 033 (Poleski et al. 2010).

The above credentials make OGLE-LMC-DPV-065 an ideal
target for a deeper study. If the long cycle is related to changes
in the mass transfer driven by a magnetic dynamo, it might show
up in spectroscopic and photometric signatures during the long
cycle. For this reason we conducted a long-term spectroscopic
monitoring of this target with UVES at the VLT (Section 2.3).
For the sake of order and clarity we have divided our work into
two parts. In this first paper we analyze the available photometric
time series making use of archive data, present our new high-
resolution spectroscopic observations, calculate the system and
orbital parameters, and provide a solution for the stellar radius,
mass, luminosity, and surface gravity along with a characterization
of the accretion disc. In a second forthcoming paper, we will provide
an analysis of the spectroscopic changes during the long cycle and a
study of the evolutionary stage of the binary. We notice that a short

Table 1. Summary of photometric observations considered in this paper.
The number of measurements, starting and ending times for the series,
average magnitude, and standard deviation (in magnitudes) are given.
Single-point uncertainties in the I band and V band for OGLE data are
between 4 and 6 mmag. The zero point for HJD is 2 400 000. See comment
on the average magnitudes in the text.

Source N HJDstart HJDend Mag Std. Band

DASCH 460 12 697.8482 34 399.4995 14.996 0.219 B
OGLE-II 915 50 455.6744 51 873.7744 14.898 0.218 I
OGLE-III 504 52 123.9345 54 953.5268 14.907 0.246 I
OGLE-IV 73 55 326.4931 57 710.7482 14.901 0.302 I
CTIO 97 56 964.7927 57 327.7354 14.901 0.317 I
OGLE-II 95 50 467.7237 51 631.5633 14.908 0.244 V
OGLE-III 90 52 990.6851 54 948.4703 14.929 0.245 V
Turitea 106 56 342.9193 56 467.8381 14.918 0.368 y
ASAS-SN 664 56 789.4535 57 974.8870 14.918 0.116 V
CTIO 95 56 964.7954 57 327.7381 14.918 0.330 V

and preliminary spectroscopic study of this object based on the data
presented in this paper has been presented in a recent conference
(Cabezas et al. 2019).

2 O B S E RVAT I O N S A N D M E T H O D S

2.1 Photometric observations

We included OGLE-II (Szymanski 2005)1 and OGLE-III/IV data.2

The OGLE-IV project is described by Udalski, Szymański &
Szymański (2015). Poleski et al. (2010) published the OGLE-II and
OGLE-III I-band3 and V-band4 data of this star. We also considered
460 B magnitudes from the Digitalized Harvard plates (DASCH
project)5 covering 59.4 yr, since 1893 August to 1953 January.
In addition, we obtained new photometry with the CTIO 1.3m
telescope operated by the SMARTS consortium in service mode
between 2014 November and 2015 October, with the ANDICAM
camera and filters V and I. Another data set was collected by Ian
Porritt in Turitea Observatory, New Zealand, with the 0.36-m Meade
telescope and a yellow filter. These new data were reduced in the
usual way, removing bias and performing flat field corrections in
the images and calculating differential magnitudes with respect
to constant comparison stars. Finally, 664 V-band magnitudes
were included from the ASAS-SN catalogue. The photometric
observations analyzed in this paper amount to 3099 data points,
cover 124 yr, and are summarized in Table 1.

2.2 Light-curve disentangling

We separated the light curve into long- and short-period com-
ponents. For that we used an algorithm especially designed to
disentangle multiperiodic light curves through the analysis of
their Fourier component amplitudes. The method is described in
Mennickent et al. (2012) and a short summary is given here. The

1http://ogledb.astrouw.edu.pl/∼ogle/photdb/
2OGLE-III/IV data kindly provided by the OGLE team.
3ftp://ftp.astrouw.edu.pl/ogle/ogle3/OIII-CVS/lmc/dpv/phot/I/OGLE-L
MC-DPV-065.dat
4ftp://ftp.astrouw.edu.pl/ogle/ogle3/OIII-CVS/lmc/dpv/phot/V/OGLE-L
MC-DPV-065.dat
5http://dasch.rc.fas.harvard.edu/project.php
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