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ABSTRACT

Classical doubly eclipsing systems are stars for which two distinct eclipsing periods that apparently come from one point source are
detected. Through thorough analysis, the physical parameters of the component stars of these systems can be revealed, and sometimes
even the mutual motion of the two doubles around a common barycentre can be constrained. This is most typically done via study
of the eclipse-timing variations for both pairs, whose behaviour should be opposite in manner to each other, as the two doubles
revolve around a common barycentre. In this study, we present rather unusual systems for which such an easy approach does not
work. The period changes are clearly detectable, but only for one pair. These unusual systems are V736 And (periods 0.3596 days and
0.3069 days); ASAS J074939-3037.0 (0.4417d, 0.2648 d); OGLE BLG-ECL-123507 (1.0170d, 2.9488 d); ASASSN-V J180818.54-
684329.4 (0.3392d, 3.3234d); and CRTS J191726.4-543540 (0.3129d, 2.8178 d). Several hypotheses are presented regarding the
possible origins of such behaviour. However, a final decisive explanation is still yet to be determined.
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1. Introduction

Classical eclipsing binaries are still considered the foundation of
modern stellar astrophysics due to their role in deriving highly
precise stellar masses, radii, and distances (Southworth 2012).
However, during the past decade, a plethora of eclipsing systems
with additional eclipses have been found, mainly due to the con-
tinuous monitoring of surveys and satellite projects.

Such systems are either triply eclipsing triples, typically
with a rather inflated evolved third component orbiting an
inner eclipsing binary on a nearly co-planar orbit (see e.g.
Rappaport et al. 2022 or Borkovits et al. 2025), or 242 quadru-
ples with two eclipsing binaries. The difference between these
two types of systems is usually clearly visible, even by the naked
eye, due to the shape of the eclipses (triply eclipsing triples usu-
ally have complicated shapes due to the mutual eclipsing of both
inner components). However, the orbital periods of the two dou-
bles in a 2+2 quadruple are often rather long, and detection of
its mutual orbit can sometimes be complicated. Consequently,
the most common way to prove the gravitational coupling of the
two eclipsing pairs is long-term observations of both eclipses of
the A and B pairs. Using only this method, we detected several
dozen of these mutual orbits in 2+2 doubly eclipsing quadruples
and hence proved their quadruple nature (see e.g. Zasche et al.
2023 or Zasche et al. 2024).

In this paper, we present a few systems that differ from those
we have described. This includes systems for which the eclipse-
timing variation (ETV) diagrams for the A and B pairs do not
show opposite behaviours, and hence the mutual A-B orbit can-
not be easily derived. As far as I know, no such objects have been
reported until now.

* Corresponding author: petr.zasche@matfyz.cuni.cz

2. Data handling and methods used

For the whole analysis, only the photometric data were used.
This is due to the fact that the stars are relatively faint and no
usable spectroscopic observations for them were found. Having
only photometry available, the analysis is somehow limited in
several aspects. The light curve analysis can be done, but the
mass ratio can only be roughly estimated or kept fixed at its sug-
gested value.

However, for the detection of the two binaries’ period
changes and analysis of their ETV curves, the photometry is
good enough. For this purpose, I collected all available past pho-
tometry obtained for each star. The changes in a longer period
can be determined with a higher degree of conclusiveness with
a longer time span. Data from the following surveys or projects
were used:

— ASASsn, the All-Sky Automated Survey for Supernovae

(Jayasinghe et al. 2018; Kochanek et al. 2017);

— ASAS, the All Sky Automated Survey (Pojmanski 1997);
— WASP, the Wide Angle Search for Planets (Pollacco et al.

2006);
- KWS, the Kamogata/Kiso/Kyoto Wide-field Survey
(Maehara 2014);

— ATLAS, the Asteroid Terrestrial-impact Last Alert System
(Heinze et al. 2018);

— Bochum, the Bochum Galactic Disk Survey (Hackstein et al.
2015);

— APPLAUSE, the Archives of Photographic PLates for Astro-
nomical USE project of digitalising old photographic plates,
available online! (Groote et al. 2014);

— KELT, the Kilodegree Extremely Little
(Pepper et al. 2007; Oelkers et al. 2018).

In addition, new data were used for some of the systems. For
several stars, I obtained new observations of one of the pairs to
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Table 1. Basic information about the systems.

Target name Other name TESS RA DE Magmax Temperature/sp.type
identification [J2000.0] [J2000.0] information
V736 And TYC 2798-1339-1 TIC 432761331 0057309 +373819.0 10.98 (V) sp G3®
ASAS J074939-3037.0 UCAC4 297-030671 TIC 150340869 0749389 -303654.2 13.14(V) Ter = 6281 K*
OGLE BLG-ECL-123507 UCAC4 304-142251 TIC 128184860 1749426 -2917053 14.38 (V) Te = 7970 K*
ASASSN-V J180818.54-684329.4 TYC 9290-2490-1 TIC 407731797 1808 18.5 —684329.3  12.09 (V) Te = 5911 KT
CRTS J191726.4-543540 CRTS J191726.4-543540  TIC 219928818 191726.6 -543539.2 13.18(V) Te = 5821 K*

Notes. ® — Zhang et al. (2023), * — Gaia Collaboration (2023), * — Stevens et al. (2017), * — Huson et al. (2025).

enlarge the time interval covered by the data. These new data are
clearly marked in the figures.

The method of analysis of these complicated multiples is
similar to our previous studies (see e.g. Zasche et al. 2024). For
a shorter time interval, I assumed constant linear ephemerides
for each binary. Each binary was modelled with the software
PHOEBE (Prsa & Zwitter 2005), which is based on the Wilson-
Devinney algorithm (see Wilson & Devinney 1971). Subtracting
the eclipses of one pair, I obtained the photometry only for the
other pair, which was analysed in the same way. This process
was repeated several times to achieve an acceptable solution (a
solution was accepted only when the subtraction of both pairs
leads to minimal scatter of the residual points around the zero
value).

Apart from the light curve modelling, the available photom-
etry was also used for deriving the times of eclipses for the par-
ticular pair. Only with a large collection of eclipse times for
both pairs can one definitively prove the gravitational coupling
of both pairs and hence confirm a quadruple 242 nature. As the
two binaries revolve around a common barycentre, both pairs
should show ETVs with an exactly opposite shape (due to the
finite speed of light; see e.g. Mayer 1990). With this method of
ETV analysis, we were able to prove the quadruple nature and
derive orbital parameters for more than three dozen systems.

3. Individual systems

In the following subsections, I focus on each doubly eclipsing
system from our sample. The individual systems were found
after careful inspection of all of their available data, but in gen-
eral they have very little in common. All of them were found
during our long-term effort of analysing the published doubly
eclipsing systems and collecting (new and existing) data for
them for the subsequent ETV analysis. Their identification and
some basic information are given in Table 1. As one can see, the
stars are dwarf stars, of solar type, or even later-type stars. For
all of them, both of their inner orbital periods are shorter than ten
days. For most of them, at least one of the binaries is a contact
or near-contact type.

3.1. V736 And

The very first star is the brightest star in our sample, and it is the
only northern hemisphere system. It is named V736 And (it is
also known as GSC 02798-01339 and TIC 432761331). It is part
of the visual binary WDS J00575+3738AB, its visual compo-
nents being within <0.5”. I am not aware of any attempt to derive
its visual orbit (only a few observations exist), and no detailed
photometric or spectroscopic analysis had been published until
now. The only information about its component stars can be
inferred from the medium-resolution spectra from the LAMOST
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Fig. 1. Analysis of the system V736 And. Left: Light curves of pairs A
and B from the TESS satellite. Right: ETV analysis of both pairs, with
all the data collected for the star from various surveys. Larger symbols
represent data taken with a higher weight because of their better-quality
data (e.g. TESS). The filled dots are the primary eclipses; the open cir-
cles are for the secondary ones. The solid red curve for pair A stands for
the classical light travel time effect fit, while for pair B such a fit with
an opposite shape is plotted as a dashed blue line (obviously not fitting
the data).

(The Large Sky Area Multi-Object Fiber Spectroscopic Tele-
scope) survey, which classifies the system as a G3 spectral type
(with a brief remark about its possible stellar activity).

The star was first mentioned as a doubly eclipsing system
showing two sets of eclipses by Koldf et al. (2025), who derived
its two periods to be 0.3596225 days and 0.3069135 days. The two
sets of eclipsing binaries are obviously contact types, as expected
from their short orbital periods. However, pair A is obviously the
dominant one, with its rather deep eclipses, while pair B shows
only shallow eclipses with depths of only a few hundredth of
magnitude. See Fig. 1 for the TESS (Transiting Exoplanet Sur-
vey Satellite, Ricker et al. 2015) light curves of V736 And.

As one can see in Fig. 1, the long-term evolution of the
orbital period is only fairly visible for pair A (red curve), but
for pair B its period remains practically constant. Pair A is deep
enough that even the data of worse quality from other photo-
metric surveys can provide clear evidence of its ETV variations.
The deviations from the linear ephemerides are large for pair A
(about 3% of its orbital period), while nothing similar can be
seen for pair B. If one accepts the classical explanation of the
242 doubly eclipsing quadruple, then such an ETV amplitude is
proportional to the mass ratio of the two pairs. However, accord-
ing to our modelling of the light curves, pair A is the dominant
pair (comparing the luminosity levels of the two binaries), and
hence one would expect its ETV amplitude to be smaller. This is
just the opposite of what can actually be seen in the ETV curves.
I leave the interpretation as an open question for Sect. 4.
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Fig. 2. Same as Fig. 1 but for the system ASAS J074939-3037.0. The
red dot represents the new dedicated observation.

3.2. ASAS J074939-3037.0

The second system we analysed was ASAS J074939-3037.0
(also known as UCAC4 297-030671 and TIC 150340869). It
is also a doubly eclipsing system discovered to show two peri-
ods by Koldr et al. (2025). Both of its periods (about 0.4417 d
and 0.2649 d) are short enough that the system is also com-
posed of two contact binaries. No detailed analysis of this sys-
tem was found in the literature. There is also a close-by eclipsing
binary, Gaia DR3 5598678509597105024, about 5" from ASAS
J074939-3037.0. However, I believe that it has almost no effect
on the quality of the photometry of the main target or its analysis
due to the fact that this one additional eclipsing binary is about
six magnitudes fainter than our main target.

All available data were collected for the subsequent analysis.
The light curve was fitted using TESS photometry, and both pairs
were successfully disentangled into separate periodic signals. As
one can see from the fits in Fig. 2, the curves show a contact
shape for the A and B pairs. However, pair A is the dominant
one, as can be inferred from the luminosity fraction of the third
light values given in Table A.1.

The long-term period variations of both pairs were also stud-
ied using older data from surveys such as ASASsn, ASAS,
and ATLAS, and even digitalised photographic plates via the
APPLAUSE project. This was possible mainly due to the fact
that pair A shows deep enough eclipses and that the star itself
is relatively bright. The ETV can be clearly detected for pair A.
However, its shape for pair B remains unexplained. One would
expect, based on the classical explanation, that the ETV of pair
B would simply be of the opposite shape of A, but this is only
partly true and only for the most recent data. The older data
clearly show a very different behaviour.

3.3. OGLE BLG-ECL-123507

In our sample of stars, the system OGLE BLG-ECL-123507
(also known as OGLE BLG194.6 77405 and TIC 128184860) is
of the earliest spectral type, and it is also the faintest. Both of its
binaries have orbital periods greater than one day (1.017 d and
2.949 d), and both light curves definitely have a detached-like
shape. The system was discovered as a doubly eclipsing system
by Adam et al. (2023).

This system is the only one where OGLE data were used
instead of TESS data for the modelling of the light curves of both
pairs. This is due to the faintness of the star and the significant
blending of nearby brighter stars in large TESS pixels causing
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Fig. 3. Similar to Fig. 1 but for the system OGLE BLG-ECL-123507.
The figures of the A and B pairs are accompanied by the ETV diagram
of the slow apsidal motion of pair B (panel ®@). Panel ® was plotted
after subtraction of the long-term apsidal evolution.

the TESS light curves to have only very small eclipse amplitudes
(about one hundred times lower than from OGLE). The fits of
both light curves are given in Fig. 3. The resulting values of the
light curve parameters are given in Table A.1. As one can see,
the dominant pair also seems to be pair A.

Concerning the period analysis of both pairs, I followed
the same procedure as for the previous systems. Pair A shows
quite noticeable period variations, but no such variations are
detected for pair B after subtraction of its slow apsidal motion.
Both these ETVs are plotted in Fig. 3. The eccentricity of pair
B is about 0.04, and its apsidal motion has a period of about
200 years.

3.4. ASASSN-V J180818.54-684329.4

The system ASASSN-V J180818.54-684329.4 (also known as
TYC 9290-2490-1) is a relatively bright system, but it has not
been studied in detail before. As a doubly eclipsing system, the
star was first mentioned by Kolaf et al. (2025), who determined
its eclipsing periods to be 0.3392 d and 3.323 d.

Despite the small amplitude of its photometric variations,
both light curves were analysed. The orbital period of pair B is
still rather uncertain since the secondary eclipse is very shallow
(only about 1 mmag deep). However, I believe that the current
period of 3.3d is the correct one instead of the double value of
6.6 d. The results of our fitting are given in Table A.1, while the
two fits for pairs A and B are given in Fig. 4. As one can see, pair
A dominates in luminosity. However, additional light not origi-
nating from either of these two binaries is also obviously present
in the system (see the large values of the third lights for both
pairs). Due to the asymmetries of both light curves, there must
also be additional spots on the surfaces of the stars.

The same procedure as for the previous stars was followed
for the period analysis. The ETVs are clearly visible for pair A
and have an amplitude of more than 20 minutes. However, such
a large amplitude cannot also be easily found for pair B, as is
clearly shown in Fig. 4. Pair B more or less follows the same
linear ephemeris without any additional curvature.

A183, page 3 of 6
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Fig. 4. Same as Fig. 1 but for the system ASASSN-V J180818.54-
684329 4.

3.5. CRTS J191726.4-543540

The last system we analysed is CRTS J191726.4-543540 (also
known as UCAC4 178-222491). The star was never stud-
ied in detail, but both of its eclipsing periods were detected
by Koldr et al. (2025). Quite surprisingly, Gaia DR3 lists two
sources around the coordinates of CRTS J191726.4-543540
(separated by 0.36”), and they have about the same brightnesses
in the Gaia G filter. However, the parallax and proper motion
is missing for one star, while the other one shows a large re-
normalised unit weight error value of about 7.4. Such a large
value should indicate a binary movement, or other peculiarities.
Another interesting finding about this system is the fact that the
two eclipsing periods are almost exactly in a 1:9 ratio (only about
0.07% away from the period resonance).

As for the previous stars, the analysis was carried out on the
TESS data for the light curve. Both pairs were analysed, result-
ing in the light curve parameters given in Table A.1, and the final
fits are plotted in Fig. 5. The A and B pairs share a similar bright-
ness. It seems that the fit of pair A is slightly asymmetric, which
is even more visible when plotting the light curve of this pair in
different sectors of the TESS data. A very small asymmetry is
also visible for pair B (especially when comparing the levels of
brightness in the two quadratures).

The ETV analysis was done in a similar way as for the pre-
vious systems. However, we observed a prominent variation for
pair A, at a level of about 7 minutes in amplitude, and period
of about 2.5 yr. Nevertheless, this variation is not strictly peri-
odic: it is a quasi-periodic ETV signal. No such variation can be
seen for pair B. Its period has remained constant over the past 10
years.

4. Several hypothetical explanations

The individual systems and their long-term period variations are
very different from each other, but they may share some sim-
ilarities. The systems V736 And and ASASSN-V J180818.54-
684329.4 hardly show one period of the ETV variation. Hence,
their periodicities may also be rather different. For the system
OGLE BLG-ECL-123507, one cannot even be sure that the true
variation is not a small part of the parabolic trend due to mass
transfer (a near semi-detached configuration). For the last sys-
tem, CRTS J191726.4-543540, one can even see that the indi-
vidual variations in the ETVs are not strictly periodic, and their
shape changes over time. Any such quasi-periodic modulation
cannot be explained by simple orbital movement and the light
travel time effect. Both pairs of the system ASAS J074939-
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Fig. 5. Same as Fig. 1 but for the system CRTS J191726.4-543540.

3037.0 show very complex variations, but on the other hand they
are both contact types. Remarkably, for the systems with one
obvious contact and one detached system, the ETV is visible for
the contact system.

To describe these systems and the strange behaviour of the
ETYV for both pairs, several possible explanations have been put
forwards. These hypothetical interpretations are briefly summa-
rized below. However, this only represents a list of different
hypotheses, and it should not be taken as a list organized from
the most to the least probable explanations.

— One possible explanation for the non-existence of any ETV
signal for the secondary pair (pair B) is the mass of pair B
being too high compared with the mass of pair A. The indi-
vidual ETV amplitudes for pairs A and B are proportional to
their mass ratio (Mp/My), at least for the classical geomet-
rical light travel time effect. Therefore, one can also expect
that, if pair B has a very high mass, its amplitude would then
be so small that it could not be detected even with the qual-
ity of today’s data. However, I should also mention that such
an explanation is highly improbable due to the fact that from
the light curve solution, the luminosity fractions of both pairs
were also derived, and such a luminosity fraction should be
in accordance with the mass ratio of the two pairs. Assum-
ing some non-trivial under-luminous or degenerate objects
would only provide a very dubious explanation, so I consider
this explanation to be improbable.

— Another explanation would be that a more complex dynami-
cal interaction occurs in these systems. In the case of dynam-
ical interactions, the strict opposite shape of the ETV of
pair A versus B disappears. In general, the dynamical effects
can sometimes produce very complicated variations. How-
ever, there is one aspect that also makes this explanation
odd. These effects are only present in systems with very
small ratios of their inner and outer periods, i.e. usually stars
orbiting on much shorter periods than our systems (see e.g.
Powell et al. 2025). Here, our detected periods of pair A’s
variations are of the order of years, and hence its dynamical
effects would be negligible. Moreover, the period of pair B
remains practically constant over the studied time span.

— A third possible explanation is based on the asymmetries
in the light curve shapes of the (mostly contact) eclipsing
pairs and their evolution in time. Due to these asymmetries,
the apparent period variations can occur in these (light-curve
distorted) systems. Such a finding would be in accordance
with a similar finding recently published by Borkovits et al.
(2025), who also report complex period variations for sev-
eral stars of contact configuration. The role of asymmetric
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light curves and their role in producing ETV signals has been

studied elsewhere in the past (see e.g. Watson & Dhillon

2004; Zasche 2011; Tran et al. 2013). We note that one of

our systems, namely OGLE BLG-ECL-123507, is not a con-

tact type. On the other hand, the asymmetries in the light
curve can also be present in this type of system due to the
evolving spots or other phenomena.

— Finally, the last possible explanation would be that the sys-
tem is not a 2+2 quadruple. One possibility is that the system
has a (2+1) + 2 architecture. This would mean that the period
variation of pair A is due to the movement around a hidden
body, while pair B orbits this inner triple on a much longer
period that cannot be detected yet. There is still a place for
such an orbit in the parameter space in between (these inner
and outer orbits) for such a variation (lower limit given by
the stability limit, higher limit given by the non-resolution
of the A-B pair as a double on the sky). However, any such
putative fifth component would be only slightly visible in
our analysis (for example, as additional light). On the other
hand, such a configuration is not anything exceptional, as
demonstrated, for instance, in the MSC (Multiple Star Cat-
alogue) by Tokovinin (2018). In MSC, quintuple systems of
this architecture exist, and the period distribution of the long
orbits sometimes reaches up to 10°~107 days.

What should be mentioned is the fact that the true origin of such
variation should in principle be a combination of several of these
effects. The explanation may also be different for different stars.

One possible solution would be to perform long-term spec-
troscopic monitoring of these systems and to try to detect the
changes of the radial velocities of the inner A pair’s centre of
mass. Such a movement would be in accordance with the ETV
of pair A in the case of the last our explanation. Unfortunately,
such monitoring would be quite challenging, even with current
techniques, due to the low luminosities, short orbital period, and
blending of all four components in the spectra.

Having no solid proof in hand, I can only speculate about the
true origin of the ETV changes detected. At this point I believe
the most probable explanation is a combination of asymmetry-
driven ETVs (quasi-periodic) and very long orbits of the A-B
pair, which cannot be detected at the present time.

5. Conclusions

About one thousand doubly eclipsing candidates, i.e. stars with
two different eclipsing periods, have been found to date. Among
these candidates, about 60 systems were proved to have two sets
of binaries that orbit around each other, i.e. true 2+2 quadruples.

Until this study, only two groups of doubly eclipsing systems
had been found. In one group, the systems show periodic ETVs
for both pairs but with opposite shapes, revealing the bound
nature of these quadruples. In the second group, there are many
other systems showing two sets of eclipses, but visible ETVs
cannot be detected. Hence, the systems in this second group can
only be considered candidates, as there is no proof of the mutual
movement of the pairs in the systems. Their respective periods
are probably too long, but another explanation could be a face-on
orientation of the mutual orbit.

In the present study I have introduced for the first time sys-
tems that defy the previous easy division. The systems show
ETVs for only one pair, while the period of the other pair remains
constant or shows a different variation. No clear explanation for
such a behaviour has been determined, but the most probable is
the time-changing asymmetry of the light curve of the contact
inner binary. However, only further analysis and the collection
of new data will reveal the true nature of these changes.
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Table A.1. Derived parameters for the two inner binaries, A and B.

System

V736 And

ASAS J074939-3037.0

OGLE BLG-ECL-123507

ASASSN-V J180818.54-684329.4

CRTS J191726.4-543540

PAIR A

JDy [2450000+. .. ]

8508.1999 + 0.0006

9998.2019 + 0.0011

6500.9120 =+ 0.0007

9973.0432 + 0.0014

10108.7881 + 0.0005

P [d] 0.3596183 + 0.0000002 | 0.4417150 + 0.0000003 | 1.0169733 + 0.0000004 0.3391949 + 0.0000003 0.3128589 + 0.0000002
i [deg] 76.76 + 0.26 88.99 + 0.18 77.94 £ 0.14 49.17 £ 0.47 72.47 £ 0.21
q= %—I 1.17 £ 0.05 0.14 £ 0.02 0.83 +£0.02 0.98 + 0.05 0.12 +£0.02
T, [K] 5805 (fixed) 6281 (fixed) 7970 (fixed) 5911 (fixed) 5821 (fixed)
T, [K] 6131 +£47 6229 + 34 4783 + 38 5828 + 69 5170 £ 43

Ri/a 0.469 + 0.006 0.570 + 0.004 0.379 + 0.003 0.381 + 0.002 0.538 + 0.004

R,y /a 0.493 + 0.005 0.247 £ 0.003 0.344 + 0.005 0.379 £ 0.002 0.202 + 0.005
Ly [%] 25.5+0.7 57.7+0.5 46.3 £ 0.7 19.0£0.5 483 +0.8
L, [%] 33.8+0.9 9.1+04 114 £ 0.5 214 +0.5 4.1+02
Ls [%] 40.7 £ 1.1 332+£0.8 423 +1.0 59.6 £2.2 47.6 = 1.7

PAIR B

JDy [2450000+...]
P[d]
i [deg]
T, [K]
T, [K]
Ry/a
Ry/a
L, [%]
Ly [%]
L3 [%]

8508.3357 + 0.0008
0.3069129 + 0.0000004
53.98 +0.51
0.97 £ 0.04
5805 (fixed)
5507 + 48
0.397 + 0.004
0.392 + 0.003
16.0 + 0.4
11.5+04
72.5+09

9999.1568 + 0.0012
0.2648485 + 0.0000004
64.15 £ 0.62
1.01 £ 0.03
6281 (fixed)
6242 + 67
0.380 + 0.003
0.383 + 0.003
143+0.3
12.8 £ 0.7
729+ 14

9963.968 + 0.0026
2.9487665 + 0.0000031
80.78 £ 0.12
1.00 (fixed)
7970 (fixed)
7669 + 53
0.171 + 0.002
0.172 + 0.002
253+03
17403
57.3+0.8

9911.5134 + 0.0020
3.3233982 + 0.0000052
87.51 + 0.40
1.00 (fixed)
5911 (fixed)
3804 + 81
0.035 + 0.002
0.119 + 0.004
20+ 1.1
1.5+£0.8
96.5+34

10109.5188 + 0.0017
2.8178296 + 0.0000020
83.55+0.47
1.00 (fixed)
5821 (fixed)
4696 + 39
0.119 + 0.002
0.116 + 0.002
385+0.8
11.4 £ 0.6
50.1 £2.0
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