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ABSTRACT

Context. The long photometric cycle observed in Algol OGLE-LMC-DPV-065 (OGLE05200407-6936391), and other similar sys-
tems, still challenges explanation. It is currently thought that a variable mass transfer rate could modify the structure of the accretion
disk surrounding the more massive star, producing modulations of the global system brightness.
Aims. We revisited I-band Optical Gravitational Lensing Experiment (OGLE) photometric time series spanning 20 years, with the
aim of detecting and analyzing possible changes in the accretion disk properties, namely, radial and vertical extension and also tem-
perature, and explored the existence of shock regions.
Methods. We solved the inverse problem yielding the best configuration of stellar and disk parameters for explaining the variability
of the light curve on the orbital as well as the long-cycle timescales. A simple model allowed us to estimate the relative mass transfer
rate, and the disk parameters were analyzed to evaluate their dependence and variability.
Results. We find that changes in the accretion disk properties reproduce the light curve variability patterns observed on the orbital
and long-term cycle timescales. The mass transfer rate is highest and the disk thickness minimum at the maximum of the long-term
cycle. The large vertical thicknesses suggest motions at scales beyond the classic scale height dominating the disk vertical structure
while the disk almost always remains within the tidal radius.
Conclusions. We conclude that the long-term cycle can be explained by a variable disk and that the mass transfer rate plays a funda-
mental role in establishing these changes.
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1. Introduction

Binary stars act as natural laboratories for examining fundamen-
tal stellar parameters and are relatively prevalent in the universe,
particularly those consisting of massive stars. Depending on the
size of the system, and as the more massive star evolves first, it
may eventually fill its Roche lobe, the volume where it exerts
significant gravitational influence, and begin transferring matter
to its companion. If this process persists over an extended period,
the system’s mass ratio reverses: the initially more massive star
becomes the less massive and more evolved member of the pair,
a phenomenon known as the Algol paradox. As mass transfer
continues, the system becomes an interacting binary, offering a
captivating natural laboratory to explore the mass transfer phe-
nomenon between stars and the development of accretion disks
in some instances. These processes and the general physical
principles of binary star evolution have recently been reviewed
by Tauris & van den Heuvel (2023).

Double periodic variables (DPVs) are Algols char-
acterized by a long photometric cycle of unknown
nature (Mennickent et al. 2003, 2016a; Poleski et al. 2010;
Pawlak et al. 2013; Mennickent 2017). They are semidetached
binaries, typically consisting of an A-, F-, or G-type giant star
(the donor) that has filled its Roche lobe and is transferring mass
onto a B-type primary (the gainer) that is surrounded by an
accretion disk. The long-term cycle has recently been interpreted
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in terms of a magnetic dynamo anchored in the donor star, since
a star experiencing magnetic cycles might show variations in its
gravitational quadrupole, yielding cycles of mass overflowing
through the inner Lagrangian point (Applegate & Patterson
1987; Applegate 1992; Schleicher & Mennickent 2017). How-
ever, no direct evidence of a magnetic field has been reported
for most DPVs. The study of the long-term cycle could provide
clues to the physical processes involved and the ratio between
accreted and lost mass in these systems.

V 4142 Sgr is an interesting case. Its gainer is located in a
region of the luminosity-temperature diagram similar to other
type B gainer DPVs that have undergone mass accretion. In
this system the size of the gainer star shrinks considerably,
but it increases its mass, luminosity, and temperature thanks
to the material acquired from the donor (Rosales et al. 2024).
In addition, structural changes in the disk of OGLE-LMC-
DPV-097 have been proposed to explain its long-term cycle,
whereas a successful model that explains the long-term and
orbital brightness variability of OGLE-BLG-ECL-157529 also
considers changes in the vertical and radial extension of the disk
(Garcés et al. 2018; Mennickent & Djurašević 2021).

Recent studies suggest that DPV disks are not accretion pow-
ered as happens in close binaries with compact accreting objects,
for example white dwarfs or neutron stars. Since DPVs host
B-type dwarfs, their gravitational wells are not deep enough
to generate sufficient accretion-powered luminosity in the disk.
On the contrary, their disks seem to be heated by their central
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stars, and radiate into the observer’s line of sight according
to their temperature, projected area, and size. For five well-
studied DPVs, the disk luminosity scales with the primary mass
and is much larger than the theoretical accretion luminosity
(Mennickent et al. 2016b).

Among DPVs, an interesting case is the system
OGLE05200407-6936391 (OGLE-LMC-DPV-065), which
shows a double hump light curve during its long-term cycle and
has been studied by Mennickent et al. (2019, hereafter M19).
This study describes the analysis of photometric time series
data spanning 124 years, along with high-resolution spectra to
study the orbital motion and stellar physical parameters. The
analysis confirms a stable orbital period of about 10d.03 without
variation; however, small but significant changes in the timings
of the secondary eclipse are noted. Over 13 years, the long-term
cycle decreased from 350 to 218 days and then stabilized for
about 10 years. The study confirms that the binary’s orbit is
circular with a mass ratio of approximately 0.203. The system
includes two stars with masses of approximately 13.8 and
2.81 M� and radii of 8.8 and 12.6 R�. A thick disk around the
hotter star is noted, with a radius of 25 R�. The presence of two
shock regions on the disk explains the observed asymmetries
in the light curves. The system is classified among the DPVs,
and shares some characteristics with the well-known β Lyrae
system, for instance, in terms of the mass of the gainer, the
orbital separation, and the long-term cycle length.

In this paper we present a new perspective of the system
OGLE-LMC-DPV-065. A reanalysis of the photometric data
allowed us to detect signs of disk variability. We find that the
orbital light curve changes during the long-term cycle, and we
modeled the system using a set of parameters that vary along this
cycle. In Sect. 2 we present our methodology for the light curve
analysis and the model used for the accretion disk. In Sect. 3
we show our results, emphasizing the link between the physi-
cal quantities and the long-term cycle phase. A discussion in the
context of mass transferring semidetached binaries is given in
Sect. 4. Finally, in Sect. 5 we present our conclusions, and we
note how these DPV systems call for new models of the stream
disk interaction region and mass flows in semidetached binaries.

2. Data and methodology

From the work by M19 we considered the OGLE-II (Szymanski
2005)1 and OGLE-III/IV data. The OGLE-IV project is
described by Udalski et al. (2015). Poleski et al. (2010) pub-
lished the OGLE-II and OGLE-III I-band2 data analyzed in this
paper. A summary of the studied data is given in Table 1.

The primary distinction between the study by M19 and our
current work lies in our approach to data analysis. Unlike the
previous study, we do not separate the light curve into orbital
and long-cycle components. Instead, we segment the data rela-
tive to the long-term cycle, accounting for its variability, and ana-
lyze each segment independently. The light curve model adopted
here, consisting of 12 parameters, is similar to that used in M19,
but adopts a slightly modified temperature law for the disk,
which aligns more closely with recent findings in the field. This
methodology enables us to gain new insights into the variabil-
ity of OGLE-LMC-DPV-065. By foregoing the disentanglement
of the light curve, we address the overall light curve while con-
sidering variations in the zero-point magnitude throughout the

1 http://ogledb.astrouw.edu.pl/~ogle/photdb/
2 ftp://ftp.astrouw.edu.pl/ogle/ogle3/OIII-CVS/lmc/
dpv/phot/I/OGLE-LMC-DPV-065.dat

Table 1. Summary of I-band photometric observations considered in
this paper.

Source N HJDstart HJDend mag std.
OGLE-II 915 50 455.6744 51 873.7744 14.898 0.218
OGLE-III 504 52 123.9345 54 953.5268 14.907 0.246
OGLE-IV 73 55 326.4931 57 710.7482 14.901 0.302

Notes. The number of measurements, starting and ending times for the
series, average magnitude, and standard deviation (in magnitudes) are
given. Single point uncertainties are between 4 and 6 mmag. The zero
point for HJD is 2 400 000.

Table 2. Data intervals used for the long-period analysis in M19.

Label N HJD range Pl (d) T0(max)
I1 538 455–1000 282 855.66
I2 377 1000–1900 258 1128.82
I3 109 1900–2800 240 2618.78
I4 125 2800–3500 231 3316.75
I5 330 3500–6500 216 3753.70
I6 104 6500–7500 219 7009.62

Notes. HJD are referred to 2 450 000. N is the number of I-band data
points. The long-term cycle period and the times for long-term cycle
maxima are given.

long-term cycle. The disk parameters presented in the aforemen-
tioned paper should be regarded as preliminary insights, repre-
senting an average orbital state of the parameters that does not
account for temporal variability.

OGLE-LMC-DPV-065 shows a varying long-term cycle
length whose ephemeris is documented in Table 2, where six
segments of data are given with its respective long-term cycle
period. According to the location in these segments, we assigned
to every data point the corresponding long-term cycle phase. The
result shows how well the shape of this cycle is preserved at dif-
ferent cycle lengths, and also how the orbital cycle changes dur-
ing the long-term cycle (Fig. 1). The characterization of the data
segments used in this paper are given in Table 4; the segments
cover the orbital phase well, including quadratures and eclipses.

The light curve model employs an advanced simplex algo-
rithm (Dennis & Torczon 1991), to address the inverse prob-
lem by fine-tuning the light curve to match the precise
parameters that characterize the stars-orbit-disk system being
observed. The basic principles of this model and the method-
ologies used to generate light curves are extensively detailed
in existing scholarly works (Djurašević 1992, 1996). Addi-
tional advancements and improvements to this model have been
reported and proven effective in the examination of various
closely orbiting binary star systems (e.g., Djurašević et al. 2008;
Mennickent & Djurašević 2013; Rosales Guzmán et al. 2018;
Mennickent et al. 2020).

The light curve model calculates the total flux emitted by
the binary system as the sum of individual stellar fluxes and
the radiation emitted by an optically thick accretion disk that
encircles the brighter star. It also takes into account geometri-
cal and projection effects due to the perspective of the observer.
The disk’s light contribution was derived from localized Planck
radiation functions set at specific temperatures specifically in
order to avoid complex radiative transfer calculations. However,
the model does consider simpler effects such as reflection, limb
darkening, and gravitational dimming.
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Fig. 1. Light curve folded with the orbital period (left) and with the long-term cycle periods (right). All I-band data are shown, and are colored
according to the long-term cycle or orbital phases.

The accretion disk is described through parameters such as
its radius Rd, vertical thickness at its central and outer edges
(dc and de respectively), and a radial temperature gradient
described by the equation

T (r) = Td

(Rd

r

)aT

, (1)

where Td represents the temperature at the disk’s outer rim
(r = Rd) and aT is the exponent controlling the temperature gra-
dient, not exceeding the steady-state limit of 0.75. Therefore, this
exponent, aT , reflects how closely the radial temperature profile
nears a steady state. The above power law differs from the one
used by M19 for the first study of this system. It appears that a
power law is a better description for modeling the β Lyrae type
disk (Mourard et al. 2018).

Moreover, the model suggests the existence of two shock
regions on the disk’s edge: a “hot spot” at the presumed
impact point where the inner Lagrangian point’s gas stream
meets the disk, and a “bright spot” at another location on the
disk’s edge. These areas are identified by their varied thick-
ness and temperature in relation to the disk and have been
confirmed through hydrodynamic simulations and Doppler map-
ping of Algol systems (Bisikalo et al. 2000; Richards 2004;
Richards et al. 2014). Their presence has been deduced from
light curve analyses and supported by polarimetric and interfer-
ometric studies (Lomax et al. 2012; Mourard et al. 2018).

In this model the hot and bright spots are characterized
by their temperatures relative to the disk’s temperature Ahs ≡

Ths/Td and Abs ≡ Tbs/Td, by their angular dimensions θhs and
θbs, and by their positions relative to the line connecting the
stars in the direction of orbital motion λhs and λbs. Addition-
ally, θrad represents the angle between the line perpendicular to
the local disk edge surface and the direction of maximum radi-
ation from the hot spot. The disk radius is also gauged by the
parameter Fd ≡ Rd/Ryk, where Ryk was defined by Djurašević
(1992) as the distance from the center of the hotter star to its
Roche lobe, measured perpendicular to the line joining the star
centers. The model maintains that the disk remains stable only
within the boundary Fd ≤ 1, with any material beyond the Roche
limit potentially escaping the system or forming a circumbinary
envelope, particularly around the Lagrange equilibrium point L3.
Following the previous investigation, the model sets the gravity-
darkening coefficients for the stars β1 = 0.25 and β2 = 0.08, with

Table 3. Summary of stellar and orbital parameters and their formal
errors.

Parameter Value Parameter Value
M1 (M�) 13.8± 0.3 log g1 3.68± 0.05
M2 (M�) 2.81± 0.2 log g2 2.69± 0.06
R1 (R�) 8.8± 0.3 Po (d) 10.0316267(56)
R2 (R�) 12.6± 0.3 aorb (R�) 49.9± 0.2
T1 (K) 25 300± 1500 i (o) 86.5± 0.4
T2 (K) 9825 (fixed)

Notes. We include the orbital separation aorb and the system inclination
i, according to M19. Indexes 1 and 2 refer to hot and cool stellar com-
ponents. The error in the orbital period is given in parentheses for the
two last digits.

albedo coefficients A1 = 1.0 and A2 = 0.5, where indexes 1 and
2 refer to the gainer and donor, respectively (Mennickent et al.
2019).

In addition, we kept the mass ratio fixed to q = M2/M1 =
0.203 and the orbital inclination to i = 86d.5, and also assumed
synchronous rotation of the donor and 8.9 as the factor of the
non-synchronous gainer’s rotation (Mennickent et al. 2019). We
considered T1 = 25 300 K, T2 = 9825 K, and the masses and
radii as given in Sect. 1. The logarithm of the gravity of the
gainer and the donor were set to 3.68 and 2.69, respectively. The
orbital semimajor axis was taken as 49.91 R�. The stellar and
orbital parameters of the binary are summarized in Table 3.

In addition, we calculated the relative mass transfer rate
Ṁ using the approximation given by Mennickent & Djurašević
(2021)

Ṁ2, f

Ṁ2,i
=

R2
disk, f [Ahs, f Tdisk, f ]4de, f θhs, f

R2
disk,i[Ahs,iTdisk,i]4de,iθhs,i

. (2)

This formula enables us to calculate the relative mass trans-
fer rates at various times, denoted by epochs i and f , within a
specific system. To standardize the values of Ṁ we obtained,
we referenced the minimum value, which was recorded at data
set 15. These values are displayed in Table 4. The uncertainty
was calculated by error propagation, considering a fixed mass
transfer rate of the reference data set 15. The normalized mass
transfer rates calculated in this way have a mean value of 6.81
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Table 4. Data sets used in this paper.

Set N ∆I0.25 (mag) ΦL dM/dt εdM/dt
01 86 0.0207 0.025 15.34 3.27
02 56 0.0690 0.075 13.41 2.85
03 53 0.1453 0.125 23.00 4.82
04 56 0.2567 0.175 4.30 0.96
05 46 0.2589 0.225 1.93 0.41
06 50 0.2804 0.275 1.44 0.30
07 55 0.2674 0.325 1.94 0.42
08 43 0.2203 0.375 4.02 0.86
09 51 0.2044 0.425 2.74 0.57
10 55 0.1839 0.475 5.46 1.17
11 63 0.1646 0.525 6.63 1.43
12 89 0.2076 0.575 3.15 0.70
13 121 0.2555 0.625 2.94 0.63
14 155 0.2930 0.675 1.41 0.30
15 144 0.2756 0.725 1.00 -
16 101 0.2092 0.775 1.81 0.39
17 83 0.1394 0.825 2.65 0.57
18 113 0.1201 0.875 6.22 1.32
19 84 0.0280 0.925 22.04 4.59
20 79 0.0000 0.975 14.80 3.11

Notes. The magnitude at orbital phases 0.25 referred to data set 20 is
given according to the light curve model. Mass transfer rates, normal-
ized to the value of data set 15 and defined in Sect. 2, are also given,
along with the mean phases of the long-term cycle ΦL and the number
of data points N.

with a standard deviation of 6.95, and maximum and minimum
values of 23 and 1.

3. Results

The results of the light curve fits are summarized in Table 5.
We give the 12 model parameters plus the disk radius for each
of the 20 data sets. The disk radius was obtained directly from
Fd. The mean values and their standard deviations are also given
along with typical formal errors. An analysis of the correlation
matrix of the model parameters revealed no significant correla-
tions indicative of potential parameter degeneracies.

We investigated closely the relationships between the derived
parameters, especially their changes during the long-term cycle.
We find that the relative mass transfer rate is probably the most
interesting parameter driving the physical changes in the disk;
we used sixth-order polynomial fits to the data to help to visu-
alize the behavior of the disk parameters during the long-term
cycle (Fig. 2). We observed that the normalized mass trans-
fer rate increases during the long-term cycle maximum, both at
the primary maximum and during the secondary maximum. The
magnitude at orbital phase 0.25 follows fairly closely the long-
term cycle, suggesting that the light responsible for this cycle is
clearly visible at this system perspective. The disk central ver-
tical thickness decreases at long-term cycle maximum, allowing
greater visibility of the gainer star. The disk radius shows two
maxima at ΦL = 0.1 and 0.7. The disk’s temperature follows
the long-term cycle, with maxima roughly coinciding with the
maxima of dM/dt and brightness.

Furthermore, additional information can be extracted from
the light curve fits (Fig. A.1). The larger flux contribution of
the gainer at epochs of maximum brightness is evident (data
sets 1 and 20). This reinforces the hypothesis that in this sys-
tem the long-term cycle reflects gainer obscuration cycles. The

light curve fits are especially useful to evaluate the fractional
light contribution of gainer, donor, and disk at different orbital
and long-term cycle phases, depending on the disk accretion
parameters.

On the other hand, medium or maxima dM/dt occur for
medium-size disks with hot and bright spots relatively con-
strained in angular position. It is for low dM/dt that the disk
attains extreme values for its radial extension, and the spots,
especially the bright spots, can also reach locations farther from
the donor (Fig. 3).

The double-hump nature of the long-term cycle light curve
can be explained by local maxima of dM/dt and Tdisk around
ΦL = 0.5.

We find a slight dependence of the bright spot angular posi-
tion on the parameter ∆I0.25, essentially a measure of the bright-
ness of the system, and also with the disk temperature: the bright
spot is located farther from the donor at fainter systems, corre-
sponding to systems with cooler disks (Fig. 4). These are the sys-
tems with lower normalized mass transfer rates and larger sizes
(Fig. 3). The mean positions of the hot and bright spots, 317◦.7
and 109◦.2, respectively, can be compared with the expected
positions of disk thickenings at 288◦ and 144◦, predicted for a
binary of q = 0.2 (Kaigorodov et al. 2017). These thickenings
are attributed to vertical oscillations of the gas at the outer edge
of the accretion disk, induced by interactions with the matter
stream from the inner Lagrangian point, L1.

4. Discussion

The optically thick region of the disk, which primarily emits
in the continuum, is examined using our model based on light
curve fits, as well as the hot shock regions known as hot and
bright spots. Consequently, we anticipate a relatively massive
disk, likely stratified vertically. Given the observed significant
variations in both the vertical height and radial extension of the
disk, it is plausible to suggest that large, cyclic bursts of mass
transported via the gas stream into the disk are responsible for
these changes

After Lubow & Shu (1975) theoretically explored the gas
dynamics in semidetached binaries, numerous studies delved
into the complexities of disk-stream interactions. Overflow
over the disk is anticipated under specific conditions (e.g.,
Dgani et al. 1989), and disk thickening along fixed lines of
sight may result in dips in the light curve due to non-
axisymmetric structures stemming from significant disk over-
flow (Armitage & Livio 1998; Kaigorodov et al. 2017). These
simulations highlight that the response varies and depends on
the physical properties of the stream and disk, such as density,
temperature, and flow velocity (Godon 2019). Predictions from
other simulations include shock-induced spiral waves and elon-
gated hot spots in the disk. While much of the prior numerical
and theoretical research focused on cataclysmic variables, Algol
systems have received less scrutiny.

Conversely, the study by Blondin et al. (1995) presents two-
dimensional hydrodynamic simulations of mass transfer in the
Algol (beta Persei) binary system, highlighting differences from
systems with long-period steady accretion disks. This research
emphasizes how the dynamics of circumstellar gas flow are influ-
enced by the stream’s velocity, angle, and especially its density.
It concludes that high-density streams generate stable isother-
mal flows, while low-density streams result in extended adiabatic
accretion disks. At intermediate densities the formation of the
disk is variable, corroborating observations of transient accre-
tion disks in such systems. The interaction near the primary star
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Table 5. Light curve fit parameters for the data segments.

Set Fd Tdisk Ahs θhs λhs θrad Abs θbs λbs aT Rdisk de dc
±0.01 ±60 ±0.04 ±1.2 ±3.0 ±3.0 ±0.04 ±1.3 ±8.0 ±0.02 ±0.1 ±0.1 ±0.2

(K) (◦) (◦) (◦) (◦) (◦) (R�) (R�) (R�)
1 0.864 9802 1.24 21.2 306.0 −20.8 1.28 38.7 67.0 0.73 22.77 4.83 3.20
2 0.782 9298 1.38 20.9 307.7 −35.5 1.48 30.5 60.7 0.58 20.61 4.21 5.47
3 0.748 9826 1.37 21.4 311.1 −32.2 1.31 28.9 85.2 0.36 19.73 6.35 7.55
4 0.813 7710 1.11 19.6 316.2 −0.5 1.30 27.7 189.2 0.72 21.43 6.72 3.18
5 0.439 7089 1.34 21.4 307.1 −29.9 1.30 41.1 80.4 0.65 11.58 6.25 3.19
6 0.400 6436 1.47 21.3 328.6 −34.6 1.36 43.6 108.2 0.64 10.55 5.73 4.67
7 0.493 6772 1.39 20.8 306.3 −37.0 1.56 47.9 118.4 0.53 12.99 5.33 7.27
8 0.629 7355 1.34 21.1 307.1 −33.9 1.47 54.7 127.9 0.71 16.60 5.54 5.57
9 0.732 7646 1.12 23.3 308.4 −36.5 1.43 26.5 109.6 0.50 19.31 4.43 6.95

10 0.623 8785 1.21 21.3 306.7 −36.6 1.40 30.0 75.0 0.74 16.44 5.61 5.79
11 0.740 8790 1.20 20.6 309.1 −36.4 1.35 28.8 92.5 0.74 19.50 5.16 7.57
12 0.959 6821 1.14 19.8 339.5 −1.3 1.33 31.3 141.0 0.58 25.28 5.14 4.68
13 0.952 6592 1.11 21.6 311.0 −35.8 1.36 33.3 151.9 0.68 25.11 5.68 5.37
14 0.943 5179 1.26 21.6 313.2 −36.3 1.57 53.4 157.8 0.35 24.88 4.39 6.07
15 0.861 5622 1.13 19.4 338.0 −31.8 1.52 50.4 157.6 0.35 22.72 4.63 6.06
16 0.990 5482 1.39 21.0 351.5 −35.4 1.50 53.1 132.4 0.50 26.09 2.83 6.13
17 0.796 6853 1.23 20.8 329.0 −35.8 1.51 35.7 113.4 0.67 20.99 4.32 4.23
18 0.803 8240 1.33 21.6 316.2 −35.0 1.41 29.0 68.4 0.47 21.19 3.36 4.09
19 0.717 9881 1.53 21.4 313.7 −26.3 1.43 54.3 64.1 0.30 18.92 4.16 3.93
20 0.790 9774 1.39 21.5 308.0 −25.4 1.52 30.5 82.4 0.35 20.82 3.52 1.23

Mean 0.754 7698 1.28 21.1 317.7 −29.8 1.42 38.5 109.2 0.56 19.88 4.91 5.11
std 0.168 1530 0.13 0.8 13.3 10.8 0.09 10.3 37.2 0.15 4.42 1.03 1.68

Notes. The disk radius derived from Fd is also shown. Mean and standard deviation are also given along with formal errors (see text for details).
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Fig. 2. Disk parameters and dM/dt, I0.25 values, as a function of the long-term cycle phase. Sixth-order polynomial fits along with the 95%
confidence bands are shown. The parameters of these fits are given in Table A.1.

is likely responsible for localized H-alpha emissions observed in
Algol.

On the other hand, our simple model for OGLE-LMC-DPV-
065 suggests that substantial changes in the disk occur over a
long-term cycle. The disk radius changes from 10.6 to 26.1 R�

between data set 6 and data set 16. The central edge thickness
of the disk varies from 7.6 (data sets 3 and 11) to 1.23 (set
20) R�, highlighting the importance of material reorganization
and motions at scales beyond the classic scale height in the evo-
lution of the system. These changes are significant and likely
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Fig. 3. Position and angular extension of the hot spots (dots) and bright
spots (squares) are shown. The data are color-coded according to the
normalized mass transfer rate.

indicate the role played by the mass transfer rate in the pro-
cess. Additionally, they suggest mass depletion as it is difficult to
imagine that the disk mass increases throughout the cycle. At the
present level of understanding, we can only speculate where the
mass goes; escaping through the outer space via the Lagrangian
L3 point or being accreted by the central star are possible paths.
If the material is accreted, it could potentially accelerate the
star since it carries angular momentum acquired during its pas-
sage from the donor to the disk. Another possible alternative is
outflows through bipolar winds. Some of these scenarios have
been proposed to explain certain spectral features, like asym-
metrical emission lines observed in some DPVs as V 393 Sco
(Mennickent et al. 2012) and V 405 Cen (Rosales Guzmán et al.
2018).

The fractional radius of the gainer, R1/a = 0.18, reveals an
almost tangential impact of the stream on the star, and that a disk
has been formed following the ballistic trajectories of infalling
particles (Lubow & Shu 1975).

During the 20-year time baseline the system shows system-
atic changes of the disk properties, in particular its vertical height
at the outer edge. In hydrostatic equilibrium, the vertical height
H of an accretion disk at radius Rd is

H
Rd
≈

cs

vk
= cs

√
Rd

GM1
, (3)

where vk is the Keplerian velocity and cs the sound speed, which
for an isothermal perfect gas can be approximated as

cs ≈ 10

√
T

104 K
km s−1 (4)

(Eqs. (3.35) and (3.32) in Kolb 2010).
The mean parameters Rdisk = 19.9 R�, de = 4.91 R�, dc =

5.11 R�, and R1 = 8.8 R�, yield de/Rd = 0.25 and dc/R1 = 0.58.
From the above equations and considering Tdisk = 7698 K and
T1 = 25 300 K we get (vk, cs) = (365, 9) and (547, 16) in km s−1

in the outer and inner disk, respectively, yielding H/R = 0.02
and 0.03 in these borders. Considering that the vertical thickness
is twice H, we conclude that the disk vertical height is much
larger than expected for hydrodynamical equilibrium, suggest-
ing that motions at scales beyond the classic scale height domi-
nate the disk vertical structure at the inner and outer boundaries.
In this calculation we considered mean disk properties, but this
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Fig. 4. Angular position of the bright spot as a function of ∆I0.25. The
color indicates the disk temperature. The second-order polynomial fit is
shown, along with the 95% confidence band.

is true for all stages of disk evolution. In this context, it may be
worth mentioning that in a detailed model of β Lyrae, the disk
height had to be multiplied by a factor of about four times its
expected equilibrium value in order to fit the observed value,
possibly reflecting non-negligible hydrodynamic flows within
the disk (Brož et al. 2021). These large-scale motions could be
produced by the continuous injection of mass from the inner
Lagrangian point, through a gas stream, into the accretion disk.

In principle, the disk can be stable until the last non-
intersecting orbit defined by the tidal radius (Paczynski 1977;
Warner 1995, Eq. (2.61)):

Rt

aorb
=

0.6
1 + q

. (5)

Here we obtain Rt/aorb = 0.50, or Rt = 24.9 R�. We observe
that often the disk outer radius stays within the volume defined
by the tidal radius, but during data sets 12, 13, 14, and 16 the disk
reaches and even exceeds this limit making it potentially unstable
to tidal forces. This may allow some particles to escape the sys-
tem. This occurs in the optically thick regions of the disk; the opti-
cally thinner regions, which manifest mostly in hydrogen emis-
sion lines, are not examined in this paper. These thinner regions
form a less gravitationally bound envelope around the disk, which
should facilitates their ejection from the system. The fact that the
disk almost always remains within the tidal radius indicates that
tidal forces are not significant in shaping the disk’s form or driving
changes in its properties during the long-term cycle.

5. Conclusion

For the first time, we reported evidence of structural changes
in the accretion disk of OGLE-LMC-DPV-065, correlating with
the long-term cycle. These changes are particularly pronounced
in the disk’s radial and vertical extensions, as well as its tem-
perature fluctuations. This finding is significant, as the analyzed
data sets, each of which captures a distinct segment of the long-
term cycle, span multiple epochs over a 20-year observation
period. Remarkably, despite variations in the long-term cycle
across these epochs, our method of binning the data into a mas-
ter long-term cycle based on phase intervals yielded coherent
results. This consistency strongly suggests that the long-term
cycle plays a pivotal role in regulating the disk’s behavioral
parameters. Notably, the system’s brightness at orbital phase
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0.25 closely mirrors the long-term cycle. Furthermore, our cal-
culations suggest that the mass transfer rate peaks during the
primary and secondary maxima of the long-term cycle. Concur-
rently, the disk appears thinner, exposing a larger portion of the
gainer, which enhances overall brightness. This effect is aug-
mented by an intermediate disk size that projects a significant
fraction of light toward the observer’s line of sight. Additionally,
our analysis indicates that the disk temperature generally tracks
the mass transfer rate, while the disk radius exhibits more com-
plex behavior, displaying minima at ΦL = 0.3 and maxima at
ΦL = 0.7. Finally, we find that the bright spot is located closer
to the gainer at higher relative mass transfer rates.

In this study we presented evidence of a cyclically variable
mass transfer rate from the donor to the accretion disk. How-
ever, the origin of this cyclic variability in the mass transfer rate
remains unknown. Additionally, it is unclear what proportion of
the injected mass is accreted by the gainer and what proportion is
expelled from the system, potentially as a disk wind or through
outflows at the Lagrangian L3 point, or both. Future spectro-
scopic studies will be crucial in addressing these uncertainties.
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Mennickent, R. E., & Djurašević, G. 2021, A&A, 653, A89
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Appendix A: Additional figure and Table

Fig. A.1. Orbital I-band differential light curves and the respective fits for segments listed in Table 2. The dashed line indicates the maximum
brightness of the system in the orbital phase 0.25 during all the observations. All the brightness curves are normalized in relation to this maximum
brightness. The flux contribution from the disk, gainer and donor are shown along the orbital phase, along with pictures showing the system
appearance at different epochs.
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Fig. A.1. continued
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Table A.1. Parameters for the fits shown in Fig. 2.

Value error t-Value Prob > |t|
dM/dt Intercept 5.333 6.891 0.774 0.453
dM/dtt B1 467.685 191.908 2.437 0.030
dM/dt B2 -5195.027 1652.952 -3.143 0.008
dM/dt B3 20724.299 6162.220 3.363 0.005
dM/dt B4 -38173.311 11166.007 -3.419 0.005
dM/dt B5 32919.310 9683.283 3.400 0.005
dM/dt B6 -10736.085 3217.540 -3.337 0.005

I0.25 Intercept 14.594 0.041 358.846 0.000
I0.25 B1 -0.993 1.133 -0.877 0.397
I0.25 B2 32.829 9.755 3.365 0.005
I0.25 B3 -168.189 36.369 -4.625 0.000
I0.25 B4 350.989 65.900 5.326 0.000
I0.25 B5 -326.935 57.149 -5.721 0.000
I0.25 B6 112.345 18.989 5.916 0.000
dc Intercept 1.785 2.440 0.732 0.477
dc B1 92.752 67.944 1.365 0.195
dc B2 -835.774 585.217 -1.428 0.177
dc B3 3257.708 2181.693 1.493 0.159
dc B4 -6038.538 3953.250 -1.527 0.151
dc B5 5285.693 3428.301 1.542 0.147
dc B6 -1765.048 1139.148 -1.549 0.145
de Intercept 3.385 1.286 2.632 0.021
de B1 42.968 35.822 1.199 0.252
de B2 -240.485 308.543 -0.779 0.450
de B3 589.999 1150.250 0.513 0.617
de B4 -706.843 2084.265 -0.339 0.740
de B5 380.272 1807.497 0.210 0.837
de B6 -65.172 600.591 -0.109 0.915

Rdisk Intercept 20.565 4.398 4.676 0.000
Rdisk B1 98.600 122.496 0.805 0.435
Rdisk B2 -1349.129 1055.092 -1.279 0.223
Rdisk B3 4963.846 3933.391 1.262 0.229
Rdisk B4 -7551.682 7127.346 -1.060 0.309
Rdisk B5 5065.343 6180.912 0.820 0.427
Rdisk B6 -1225.932 2053.780 -0.597 0.561
Tdisk Intercept 7817.591 906.022 8.628 0.000
Tdisk B1 94325.519 25233.012 3.738 0.002
Tdisk B2 -1159817.045 217338.322 -5.336 0.000
Tdisk B3 4974992.775 810239.180 6.140 0.000
Tdisk B4 -9657426.807 1468161.766 -6.578 0.000
Tdisk B5 8645352.537 1273205.874 6.790 0.000
Tdisk B6 -2896951.108 423057.999 -6.848 0.000

Notes. The fits are of the form Y = Intercept + Σ Bi * X.

A56, page 10 of 10


	Introduction
	Data and methodology
	Results
	Discussion
	Conclusion
	References
	Additional figure and Table

