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Abstract

We present a catalogue of the Transiting Exoplanet Survey Satellite (TESS) targets that show multiple eclipses. In all of these stars, we detected two sets of eclipses, for which their two distinctive periods can be derived. These multiple stellar systems could either be doubly eclipsing quadruples or triple-star coplanar systems showing eclipses on the outer orbit in addition to the inner eclipses. In total, 116 systems were found to be doubly eclipsing, while 25 stars were identified as triply eclipsing triples. Several confirmed blends of two close sources were not included in our analysis. All these systems were identified by scanning the known eclipsing systems taken from the Variable Star Index database and checking their TESS light curves. The average period of the dominant pair, pair A, is 2.7 days in our sample, while for the second pair, pair B, the average period is 5.3 days. Several systems show evident eclipse timing variation (ETV) changes even from the short interval of the TESS data, indicating possible period changes and short mutual orbit. We also present evidence that the system V0871 Cen is probably a septuple-star system of architecture (Aa-Ab)-B-C-D. Most of the presented systems are adequately bright and show deep enough eclipses for observing, and therefore we call for new ground-based observations for these extremely interesting multiples. Owing to this motivation, we have included also the ephemerides for both pairs of each system, our catalogue also contains their depths of eclipses and the light-curve shapes as extracted from the TESS data. These new ground-based observations would be very useful for further derivation of the mutual movement of both pairs on their orbit via detection of the ETVs of both pairs for example.
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1 Introduction
More than 200 yr ago, it was proposed that the brightness changes in Algol are caused by an obscuring body and its orbit around the main star (Goodricke 1783). This was the moment when eclipsing binary research was born. However, two centuries passed before it became clear that eclipsing binaries could provide absolutely unique insight into basic stellar properties, such as masses, radii, and luminosities. Their role in current astrophysical research is undisputable (see e.g. Southworth 2012), and nowadays, in the era of huge photometric surveys and projects, their number is increasing rapidly, meaning that they can be used to calibrate existing stellar models of evolution.
In addition, thanks to large surveys, significantly reduced scatter, and a tremendously increasing number of known systems, we are also able to discover and study much more complicated objects. For example, the huge survey Optical Gravitational Lensing Experiment (OGLE; Udalski et al. 1992) was used to identify about a thousand new candidate triple stars by studying period changes using the so-called eclipse timing variation (ETV) method; see Hajdu et al. (2019).
Moreover, a relatively new group of objects, nowadays known as doubly eclipsing systems, are also mostly being discovered thanks to large photometric surveys like OGLE, Kepler, Corot, and TESS (see e.g. Soszyński et al. 2016; Lehmann et al. 2012; Hajdu et al. 2017; and Kostov et al. 2021). These objects show two distinct eclipsing periods coming from one point source on the sky. The study of such stars should bring us fresh insight into stellar formation mechanisms (see e.g. Tokovinin 2021). Nevertheless, if both these eclipsing binaries are really bound to each other and share a common orbit around their barycenter, both should also share the same distance, age, and metallicity. This is an important aspect, which should be tested when analysing a particular system, and can be used to set tight constraints on our model.
Our main motivation for discovering and studying such systems is the fact that they represent ideal astrophysical laboratories. They allow us to study celestial mechanics in ‘real time’, the dynamical influence between the inner and outer orbits, Kozai cycles, the dynamical evolution of the orbits, such as precession and inclination changes, and so on. Moreover, with enough such 2+2 quadruples with known orbits, one can study their origin, and subsequent evolution. We aim to decipher whether they are products of disc fragmentation, or N-body dynamics, and to investigate the mean motion resonances of both inner pairs. Many questions remain to be answered, and larger and more robust samples will bring useful information.
2 The Selection Process
The first doubly eclipsing system confirmed showing two eclipsing periods was V0994 Her (Lee et al. 2008). Nowadays the group comprises about 160 doubly eclipsing systems with both periods being known. However, some of them could still be blends of two close-by components not connected gravitation-ally, and the mutual orbit is only known for a few of these latter. This is a serious problem, especially in dense star fields: one cannot definitively prove that the signal of two periods comes to our telescope from one point source on the sky. The large survey OGLE discovered several dozen doubly eclipsing systems in dense Large and Small Magellanic Clouds (LMC and SMC) fields, and in closer Galactic bulge fields (Graczyk et al. 2011; Pawlak et al. 2013; Soszyński et al. 2016).
In addition, quite recently it was discovered that quite a significant fraction of new doubly eclipsing binaries are found in already known and bright eclipsing binaries. The problem is usually that these additional eclipses were missed because of their small amplitude (compared with the dominant pair, as in V0482 Per; Torres et al. 2017), or because these stars are sometimes easily too bright for modern telescopes (as in BU CMi; Jayaraman et al. 2021). Possibly the most remarkable example is the system BG Ind, which was studied in detail with ground-based photometry (Rozyczka et al. 2011) having not previously noticed anything suspicious. However, TESS data revealed that BG Ind is the nearest doubly eclipsing system (Borkovits et al. 2021), and it was being missed simply due to the overly shallow photometric amplitude of pair B. Sometimes only small parts of the light curves near eclipses are observed, and the rest is monitored only very rarely, which leads to non-detection of the additional eclipses (like for V0498 Cyg; see Southworth 2022).
Taking into account all these aspects and limitations, we decided to use the extremely precise and freely available database of the TESS satellite (Ricker et al. 2015), and to scan as many potential systems as possible. Nowadays, probably the most complete database of information on variable stars is that one running under The American Association of Variable Star Observers (AAVSO), named The International Variable Star Index (VSX; Watson et al. 2006), comprising about a million eclipsing binaries with known periods to date. Our method was quite simple: scanning all known eclipsing binaries found in the VSX with known periods, and trying to identify some additional eclipses in the TESS data. Only those with given magnitudes brighter than 15 mag were considered. We checked all Algol-type (EA) stars from the VSX for additional eclipses. This group of stars comprises the huge majority of the systems in our sample. Among the others we identified only a handful of other stars with β Lyrae (EB) or W UMa (EW) classification with periods longer than 0.5 days. In addition, we plotted and checked all systems from the CzeV catalogue (Skarka et al. 2017).
For some of the systems, the additional eclipses were seen directly when plotting TESS fluxes versus time, but for others we needed first to subtract the dominant eclipsing binary shape and later to search for additional eclipses on the residuals. Plotting the TESS photometric data in the phased light curve with a particular period is a straightforward task with the available program named lightkurve (Lightkurve Collaboration 2018). A technique relying on detection with the naked eye was found to be the most effective for finding these additional eclipses in the data. The human eye is a very sensitive tool when looking for additional patterns in the already very periodic signal, such as those formed by ordinary eclipsing binaries. We are aware of its limitations, as well as of the limitation of the large TESS pixels (see below for a more detailed discussion).
3 Method
We checked about 70 000 stars in total; we downloaded their data, plotted their light curves, and checked for additional eclipses. Many suspected cases were studied in more detail, in an attempt to definitively confirm whether the strange behaviour of the TESS data is due to improper reduction, or real changes in brightness. The results of our in-depth scanning of the VSX and TESS data are summarised in the following section.
Our goal was not analyse these systems in detail, but only to present a catalogue of candidate systems; that is, stars for which one simple period was not able to describe all the eclipses identified in the TESS data. In total, 141 such stars were found, among them 116 doubly eclipsing ones, and 25 candidates of triply eclipsing triple stars. Several other systems were also found, as suspected, but their nature is still rather questionable (most often the contact W UMa-type shape and short periodic pulsation patterns are too similar).
Our method of disentangling the complete photometry into two separate light curves of both pairs is rather straightforward. We used the program named Silicups (version 2.991), which uses a phenomenological model for the phased light curve. Such a preliminary light curve fit can be subtracted and one can easily see whether some additional eclipses are also visible on the residual light curve. Where this was the case, we used a period-searching algorithm to detect the secondary period PB (using a PDM method).
As one can see from our Fig. 1, our detected candidate doubly eclipsing systems nicely fill the incomplete statistics. Up to now, most of the detected doubly eclipsing systems were found in the OGLE fields, in both the LMC and SMC, and the Galactic disc and bulge. However, these OGLE data comprise somewhat biased photometric data (e.g. observing strategy over the years, data cadency of observations, etc.), and therefore also the detected doubly eclipsing systems are definitely slightly different from those in the TESS data (almost complete detection of binaries with P < 27 days). There are two particularly important aspects here. At first, the cadence of the OGLE data is typically only one observation per night, but the overall time-span (on the LMC and SMC) is more than 10 yr. On the other hand, the TESS data provide continuous undisturbed photometry over 27 days. The second important aspect is the typical scatter, or error, of individual data points. OGLE provides data with about 0.01 mag scatter, while the scatter for TESS data is an order of magnitude lower. Therefore, the level of eclipse depth detectable in both surveys should also be rather different and many of the systems detected by our method here are definitely not visible in the OGLE data. Finally, the angular resolution of the TESS and the OGLE data is also very different.
On the other hand, what Fig. 1 also shows us is the fact that our sample of newly detected systems (marked in blue) show a much higher tendency to be closer to the Galactic disc than the rest of the other bright TESS targets. Qualitatively, the stars closer than 10° from the disc comprise about three-quarters of our sample, but contain only about one-quarter of the TESS stars. It is therefore questionable as to whether the number of doubly eclipsing binaries is higher in the Galactic disc (due to higher star density, and perhaps therefore higher probability of blending). However, we prefer an alternative explanation, namely the fact that all the stars in our sample come from the known eclipsing systems, which are mostly being discovered in large photometric surveys detecting most of their variables preferably closer to the Galactic disc.
Concerning the two periods, the more prominent one is typically that of pair A (which usually has deeper eclipses), but some exceptions exist. Our primary period of pair A is always that given in the VSX catalogue, and the period of pair B is the new derived one.
One might ask how we deal with the blending problem within the large TESS pixels. In the huge majority of the systems, we were also able to identify both sets of eclipses from older ground-based photometry with better angular resolution. These were namely the ASASsn (Kochanek et al. 2017; Shappee et al. 2014), ZTF (Masci et al. 2019), and SWASP (Pollacco et al. 2006) data. The ZTF survey in particular was a very useful source of photometry, with its high angular resolution helping us to rule out the blending of the two close-by sources. Several blends of two close stars were also proven as a by-product of our analysis (like V0432 CMa, ASASSN-V J020003.56+452605.2, and ASASSN-V J123052.13-475634.5).
	[image: thumbnail]	Fig. 1 Sky distribution of our candidate stars (blue) together with all known doubly eclipsing systems (red), plotted together with other stars from TESS (only 50 000 brightest stars).



	[image: thumbnail]	Fig. 2 Distribution of individual eclipsing binary types from our detected sample. As one can see, the vast majority are the EA+EA systems, which are most easily discovered in the TESS data.



4 Results
In total, we detected 116 systems as 2+2 quadruple doubly eclipsing candidates. The huge majority of these should be characterised as EA + EA (see Table A.1, and Fig. 2). This phe-nomenological classification only tells us that our method is able to discover such systems more easily, simply because the two periodic curves are more easily disentangled into the two periods and their shape is definitely ‘eclipse-like’. All of the disentangled light curves of both pairs are plotted in Figs. A.1–A.8. For all of the systems, we use its original name within the VSX database and give also the TIC number for identification and coordinates in Table A.1.
Figure 3 shows for illustration how difficult it can be to detect the additional eclipses of pair B from the ground when only poorly sampled data are available. A good example is the eccentric system V0384 Cen, which has been observed many times in the past, with nobody noticing the distorted shape of the minima and that these deviations are periodic, coming from the unseen additional pair. This is a typical example of a bright system observed in the past, where a second pair has an order of magnitude smaller photometric amplitude. Unfortunately, the observers usually only observe the eclipses, and sometimes even their bottom parts only. In such cases, the detection of pair B is often quite difficult. This hightlights the great advantage of the continuous TESS data, where targets are observed with superb precision for many days in a row.
The systems classified as triply eclipsing triples (see e.g. quite recent study by Borkovits et al. 2022) were easily distinguished from the doubly eclipsing quadruples because of the shapes of the additional eclipses (a ‘double peak’) and also their uniqueness (i.e. long orbits, long periods, only rarely observed in the TESS data). These systems are given below in Table 1. The other ground-based photometric surveys were usually also used for detecting the outer periods of the third body. This was partly successful for several systems (because of their large depths and the long-lasting monitoring in these surveys) and we also give their outer periods in the last column of Table 1. Their light curves, which in addition to the “ordinary” eclipses also show other eclipses are given in Fig. A.9.
Probably the most interesting system seems to be ASASSN-V J101237.44-594344.8, which shows large variations of ETV for the inner pair A and also exhibits eclipse-depth variations (both in the TESS data as well as in the older ground-based photometry). In the following list, we briefly mention those systems that were found to be interesting in some aspect resulting from our analysis. Some of them were found to be located very close to the mean motion resonance configuration, as already proposed in our previous paper (Zasche et al. 2019), and studied also theoretically by Tremaine (2020).

	ASASSN-V J004727.28+644904.9 : very eccentric pair B (secondary eclipse in phase 0.705).


	ASASSN-V J020306.68+624315.4 : very eccentric pair B (secondary eclipse in phase 0.26).


	ASASSN-V J024221.82+625403.6 : almost exact 2:1 resonance (only 0.2% off).


	V1018 Cas: eccentric pair A, close to 4:3 resonance.


	V0417 Aur : change of classification here. Former classification as pulsating-eclipsing oEA is now more probably an EA + EW system.


	ASASSN-V J064048.28-224659.0 : eclipses of pair B are visible in TESS data only in 2020, and are missing in 2019 and 2018 (orbital precession?).


	ASASSN-V J071131.63-153341.3 : eccentric pair A, close to 2:3 resonance.


	ASASSN-V J072304.90-110043.5 : eccentric pair B.


	V0674 Pup : eccentric pair B.


	WISE J075848.7-374315 : possible period changes.


	CPD-34 3002 : slightly eccentric pair A.


	ASASSN-V J091951.17-593306.9 : eccentric system (secondary eclipse in phase 0.44).


	ASASSN-V J092031.34-542438.1 : eccentric pair B.


	WISE J100820.0-731554 : period changes; eccentric pair B, close double star according to Gaia (probably bound – similar π, and PM).


	ASAS J103449-6013.1 : double star, two components separated by about 2.3″, eccentric pair A.


	ASASSN-V J105824.33-611347.6: very fast apsidal motion or other ETV phenomena for pair A, eccentric also pair B.


	ASAS J113426-6320.0 : slightly eccentric pair A, very eccentric pair B (second minimum in phase 0.72).


	V0384 Cen : well-known eccentric binary A, see Fig. 3.


	KELT KS38C016096 : asymmetric light curve shape for pair A (spots?).


	ASASSN-V J125427.31-653437.7 : possible period changes.


	ASASSN-V J155157.55-430547.7 : eccentric pair B.


	ASASSN-V J173344.14-363037.8 : possible period changes, eccentric B.


	ASASSN-V J184212.96-775807.0 : possible period changes.


	V1356 Cyg : eccentric pair B.


	Brh V154 : close to resonance 7:2 (only 0.1% off).


	ASASSN-V J201545.10+373555.2 : eccentric pair A.


	ZTF J205229.71+473345.9 : almost exactly in 5:3 resonance (only 0.01% off).


	ASASSN-V J222721.05+564425.3 : both pairs A and B are eccentric.


	ZTF J224132.79+582517.4 : eccentric pair B, longest period in our sample.


	ASASSN-V J233336.79+615012.0 : eccentric pair A.




One system that definitely merits our attention is V0871 Cen (= HD 101205 = TIC 319936710, see Fig. 4). This is the brightest system in our sample of stars, is a member of the cluster IC 2944, and is very often studied both photometrically and spectroscopically (see e.g. Mayer et al. 1992; Otero 2007; Sana et al. 2011). A photometric period of about 2.09 days has been detected for this star with its Algol-like eclipsing light curve, together with a spectroscopic period of 2.8 days. Moreover, the whole system has been found to be much more complicated, containing three other close visual companions in addition to the inner brightest companion A, namely B, C, and D (with separations of 0.36″, 1.7″, and 9.6″). However, until now, it was not known which of the inner ABC components contain the eclipsing binary and which is the spectroscopic pair. Now, using the extremely precise TESS data we are able to detect both 2.09 d and 2.8 d period signals in the photometric data, and can also detect the possible mutual eclipse on their orbit around a common barycenter. Due to the fact that the mutual movement of the A-B pair is only very slow, namely of the order of thousands of years (Zasche et al. 2009), and hence the probability of the mutual eclipse on such an orbit right now in the TESS epoch is very improbable, we have to conclude that the architecture of the whole system is as follows. The most inner two pairs are the 2.8 d and 2.09 d binaries (we name these Aa-Ab), accompanied by a more distant component B with its only poorly constrained orbit by Zasche et al. (2009). The much more distant C and D components are probably bound (due to their similar proper motion), but only very weakly. The whole system is likely septuple. Its 2.8 d photometric variation was not noticed earlier because of is its much lower amplitude compared to the dominant pair A.
Finally, we also found the star ASASSN-V J124203.23-644513.2 to be extremely interesting. In addition to the two eclipsing periods of pairs A and B (periods 2.0725, and 1.4123 days), this system shows an eclipse observed by TESS (see Fig. 5). However, its shape is ‘double-peaked’, as in triply eclipsing triples, and its depth is similar to that of pair A, indicating that pair A is being eclipsed at that time. Three probable explanations emerge: (1) a quadruple 2+2 doubly eclipsing system, which is also perfectly coplanar, meaning that even this mutual orbit is eclipsing; (2) a doubly eclipsing system with one additional component (architecture 2+2+1) causing this eclipse; or (3) a blend of unconnected stars, that is, two systems: a triple and a binary.
	[image: thumbnail]	Fig. 3 Sample light curve of V0384 Cen from the TESS data. Left panel: data from sector 38 with eclipses of both pairs in time. Right panel: only the phased part of the curve near the primary eclipses of pair A, showing how pair B distorts the shape of the eclipse in different sectors of the data. Moreover, the depth of the eclipse is also obviously different in different sectors. This can be caused by two different phenomena. Firstly, the apsidal motion and change of omega on the eccentric orbit, and secondly an artifact from the TESS reduction causing different third light values in the different sectors of data.



	[image: thumbnail]	Fig. 4 System V0871 Cen with its complete light curve, showing two additional prominent periods PAa and PAb (eclipses of both pairs denoted by short abscissae of blue for the primary, and red for the secondary eclipses, with longer solid ones for pair Aa, and shorter dash-dotted for pair Ab) and an additional eclipse, which we believe is the outer eclipse of their mutual orbit Aa-Ab around a common barycenter.



Table 1 
Triply eclipsing triple candidates.

	[image: thumbnail]	Fig. 5 System named ASASSN-V J124203.23-644513.2 showing, in addition to both inner eclipsing periods, an eclipse with quite a complicated structure, possibly indicating a coplanar 2+2 system with its outer mutual eclipses. These data are ‘pre-whitened’ to clearly see this additional eclipse, i.e. both inner eclipsing curves were subtracted.



5 Conclusions
We carried out an analysis of all EA-type binaries from the VSX database (with <15 mag) in an attempt to identify additional eclipses in the TESS data. Our compilation of 141 systems is so far the most extensive among other similar studies. The database we present should be useful to observers and keen astronomers for detailed follow-up monitoring of these interesting targets. For this reason, we give the ephemerides for both eclipsing pairs, but also their eclipse depths. These are crucial parameters for prospective future observations.
Such monitoring is potentially very important because of the chance of detecting the ETV for both pairs, which could be used to prove their quadruple nature. According to our previous findings (Zasche et al. 2019), we believe that most of these candidate stars will be confirmed as quadruples thanks to intensive ground-based observations in the upcoming years. Such long-lasting monitoring will be our main task for the future seasons. We have already begun to collect data with our group of keen astronomers using their relatively modest equipment, which is nevertheless quite adequate for such a task. We find a combination of two pieces of software, namely SIPS (for reduction of the CCD frames) and SILICUPS (for plotting and subtracting the individual light curve shapes), to be particularly suitable for reducing and analysing such complicated systems.
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Appendix A  Additional Material
	[image: thumbnail]	Fig. A.1 Light curves of both pairs as disentangled from the original TESS photometry. Plotted in ascending order of Right Ascension.



	[image: thumbnail]	Fig. A.2 Light curves of both pairs as disentangled from the original TESS photometry, continuation.



	[image: thumbnail]	Fig. A.3 Light curves of both pairs as disentangled from the original TESS photometry, continuation.



	[image: thumbnail]	Fig. A.4 Light curves of both pairs as disentangled from the original TESS photometry, continuation.



	[image: thumbnail]	Fig. A.5 Light curves of both pairs as disentangled from the original TESS photometry, continuation.



	[image: thumbnail]	Fig. A.6 Light curves of both pairs as disentangled from the original TESS photometry, continuation.



	[image: thumbnail]	Fig. A.7 Light curves of both pairs as disentangled from the original TESS photometry, continuation.



	[image: thumbnail]	Fig. A.8 Light curves of both pairs as disentangled from the original TESS photometry, continuation.



	[image: thumbnail]	Fig. A.9 Light curves of triply eclipsing triples. The eclipses of the inner pair are denoted by short abscissae in blue for primary, and red for secondary eclipses. Extra eclipses are clearly visible.



Table A.1 
Doubly eclipsing candidates.



Note Added in Proof
Following submission of the present manuscript, an independent paper dealing with the same topic was published by Kostov et al. (2022). The authors present a group of 97 doubly eclipsing systems found in the TESS database, but identified with a different method (scanning all stars instead of only known eclipsing binaries, as we did). Due to this difference in approach, there is relatively little overlap in the systems we find; in total 18 systems, which are marked with an asterisk in Table A.1.
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In the text



	[image: thumbnail]	Fig. A.1 Light curves of both pairs as disentangled from the original TESS photometry. Plotted in ascending order of Right Ascension.
In the text



	[image: thumbnail]	Fig. A.2 Light curves of both pairs as disentangled from the original TESS photometry, continuation.
In the text



	[image: thumbnail]	Fig. A.3 Light curves of both pairs as disentangled from the original TESS photometry, continuation.
In the text



	[image: thumbnail]	Fig. A.4 Light curves of both pairs as disentangled from the original TESS photometry, continuation.
In the text



	[image: thumbnail]	Fig. A.5 Light curves of both pairs as disentangled from the original TESS photometry, continuation.
In the text



	[image: thumbnail]	Fig. A.6 Light curves of both pairs as disentangled from the original TESS photometry, continuation.
In the text



	[image: thumbnail]	Fig. A.7 Light curves of both pairs as disentangled from the original TESS photometry, continuation.
In the text



	[image: thumbnail]	Fig. A.8 Light curves of both pairs as disentangled from the original TESS photometry, continuation.
In the text



	[image: thumbnail]	Fig. A.9 Light curves of triply eclipsing triples. The eclipses of the inner pair are denoted by short abscissae in blue for primary, and red for secondary eclipses. Extra eclipses are clearly visible.
In the text





    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Sample light curve of V0384 Cen from the TESS data. Left panel: data from sector 38 with eclipses of both pairs in time. Right panel: only the phased part of the curve near the primary eclipses of pair A, showing how pair B distorts the shape of the eclipse in different sectors of the data. Moreover, the depth of the eclipse is also obviously different in different sectors. This can be caused by two different phenomena. Firstly, the apsidal motion and change of omega on the eccentric orbit, and secondly an artifact from the TESS reduction causing different third light values in the different sectors of data.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        System named ASASSN-V J124203.23-644513.2 showing, in addition to both inner eclipsing periods, an eclipse with quite a complicated structure, possibly indicating a coplanar 2+2 system with its outer mutual eclipses. These data are ‘pre-whitened’ to clearly see this additional eclipse, i.e. both inner eclipsing curves were subtracted.

      

    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
        Light curves of both pairs as disentangled from the original TESS photometry, continuation.

      

    

  
    
      Fig. A.5 

      
        [image: thumbnail]
      

      
        Light curves of both pairs as disentangled from the original TESS photometry, continuation.

      

    

  
    
      Fig. A.6 

      
        [image: thumbnail]
      

      
        Light curves of both pairs as disentangled from the original TESS photometry, continuation.

      

    

  
    
      Fig. A.7 

      
        [image: thumbnail]
      

      
        Light curves of both pairs as disentangled from the original TESS photometry, continuation.

      

    

  
    
      Fig. A.8 

      
        [image: thumbnail]
      

      
        Light curves of both pairs as disentangled from the original TESS photometry, continuation.

      

    

  
    
      Fig. A.9 

      
        [image: thumbnail]
      

      
        Light curves of triply eclipsing triples. The eclipses of the inner pair are denoted by short abscissae in blue for primary, and red for secondary eclipses. Extra eclipses are clearly visible.

      

    

  OEBPS/aa43723-22-fig14_small.jpg









OEBPS/aa43723-22-fig13_small.jpg





OEBPS/aa43723-22-fig8_small.jpg





OEBPS/aa43723-22-fig1.jpg


OEBPS/aa43723-22-fig3.jpg
11
11A05nm P&ﬁ‘m [r-r 11.05°
IART i ; 114
1 b i
1115 ] |- I 1.15
3 1.2 { i H Q
3 i }! S 112
E11.25 | ; !, z
& 1 { i i &11.25
S 1.3 H * { * s
b i 1.3
1135 i ) sector 10
1145 i 11.35" sector 11
sector 37
11.45; 1147 sector 38
11.5¢ 11.45¢ ]
9335 9340 9345 9350 9355  936C 052 054 056 0.58 0.6 0.62

HJD-2450000 Phase





OEBPS/aa43723-22-fig6.jpg
1289 WISEJO()02464+695224 A

3 mm "‘\ /,M'
B n,
124 Yl Pa = 0.28035 d‘w"
0% ° 04 06
B
26

WISE J000246.4+695224: B
12,70 e

 Pp=356614d

o2 o 0z 04 3
Bhase
1445 CzeV1435: A
g SHmg i, i
B ass ﬁ*‘w S T
5 s N Fi
= 1465 Lf ‘it
147, Wi Pa=1.77311d
o2 o 0z 0s 3
Prase
CzeV1435: B

LI
51455 "
H %
148 " Pp =0.39086 d ¥
<oz o 0z o4 os
Fraco
1255

ZTF J022105.82+595516.9: A

Magnitude

02 o 02 04 o8
Phase

136 ZTF J022105.82+595516.9: B

§ 190e/%
g 7
H
1075
1as-
V1018 Cas: A
o8
o7 ! Vol
H I
o L :
/Py =41277dY
oz o 2 a6
Brase
o9
ol V1018 Cas: B
Goe ]
H Y]
o8 ¥ Pp=310525d
s
T T

Phase

ASASSN-V J030750.25+540358.2: A

R Sy
s \
27 / b
l i Pa=15250d V
TN T
Fraso
115, ASASSN-V J030750.25+540358.2: B
Fie i)
H
Wl
Yy Pp =240770d ¥
“'8-02 o 02 04 06
2 e

18- ASASSN-V J000432.60+632605.0: A

g
E 121
22z
123 Pa = 1.00795d
124
I Y o
Frase

Magnitude

W Pp=0994420 %

02 o 0z 04 06
Phase

103 WISE J013310.8+613507: A

. it gy
fod N/ \
Zios ¥
Py =2.56704d
-
o
WISE J013310.8+613507: B
§ 10365
2 1038
Pp = 2.73032d
F

1205 ASASSN-V J024221.82+625403.6: A

Magnitude

Pa=5.7615d

o 0z 04 06
Phase

Eu: ASASSN-V J024221.82+625403.6: B

o
H 2% < .
e
=122 4

1214 ¢ Pp=115503d
= ° o [T

2
Phase

Pp =T.77875d*

S0z o 0z 04 06
Phase

e ZTFJ030300.04+551243.7: B

1346 Pp =1.01251d

0z o 0z 04 06
Phaso

_—

Py = 19.0003 d
; o
Fraso
s ZTF1032329.994500030.20: B
e iy,
Fiazs .
13.28/ 3
133} Pp =1.0102d
oz o oz o4 as

Phase

115- ASASSN-V J004727.28+644904.9: A

N Pttty
grss— —
2 e
Fues i Y

el [ PA=4.07920d

s

oz 2 o6
Praso
1152

ASASSN V J004727.28+644904.9: B

5! e e
Ziise ! 'V
Fuse ! q

e

v Pp = 4.98703d
ez
T R T o
Fraco

;25: ASASSN-V J020306.68+624315.4: A

Magnitude

=3.28670d

02 02 04 [
Phase

4
ASASSN-V J020306.68+624315.4: B

§ 126 b i e, 2
Fros : i
£
8 Pp = 36.7607 d
02 o 02 04 o8
Phraso
123 V1361 Cas: A

Magnitude

126 \z”’" =2.23672d
02 o 02 04
Phase
1234 V1361 Cas: B
H
124 Pp =1.22585d
-02 0 02 04 L
Phase

126 ASASSN-V J030536.60+685727.5: A

Magnitude

Pa =0.60222d

0z o 02 04 06
Phase

26
ASASSN-V J030536.60+685727.5: B

1262

1284

Magnitude

1266 Pp = 2.16608 d
o2 o oz o6
Phase
s CzeV1254: A
s e
§ ™ N
Zirz0s L
121 W P =071542d R
02 o 0z 04 os
Phase
CzeV1254: B

e,

Magnitude

. ;N
Y Pp = 036259 d 5

02 o 02 04 06
‘Phase





OEBPS/aa43723-22-fig7.jpg
NSVS 2176810: A

Sis Lo/
2 14 i
i1 Py =3.66200d
14.5: Y .
oz o 0z oa  os
Frase
1
1208 NSVS 2176810: B
.Y ol
B &
2 2 7 4
1325 i Pp = 04536 d o
o2 o T
Frase
122

CzeV1759: A

2
e Pa = 094363 d
o2 o oz oaos
Fraso

1224 CzeV1759: B

Magnitude

Pp = 3.4288d

02 0 02 04 06
Phase

o V1793 Ori: A

P4 =3.55240d

925—02 o 02 04 06
Phase
912 V1793 Ori: B

§ jpgfmeon po 4
H ¥ {
Fraa i i
135 { Pa=285056d |
vy o 0z 04 08
Phaso

1522 ASASSN-V J064048.28-224650.0: B

g
1a28) Pp =6.6412d°
o2 o 0z 04 o8
Phase
121
122 ZTF J065616.65+154832.5: A
£ 10

Fros
105
126

4

Magnitude

# Py = 1.06004 d

02 o 02 04 06
Phase

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

78, V0417 Aur: A

123
\ ]
B \ Sias
o 4 b
\/ Pa=186553d 128
e T 0z o os 02
Frase
= V0417 Aur: B e
7o fun
E
788 : 128
" Py =0.41821d Pp =0.27130d
o2 o 0z oa o o2 o 0z o4 os
Frase Frase
15 ASASSN-V J054904.04+083516.2: A 10 NSVS 2209083 A
w1 : g%
12 i : £
a9 i : Z10as i
e i Pa=3.62750d 104 Y Pa=2068014d |
-02 0 02 04 06 ‘0‘5—02 0 02 04 06
Frase Frase
1208 1025
ASASSN-V J054904.04+083516.2: B NSVS 2209083: B
H

Pp =147722d

02 o 0z 04 06
Phase

WISE J061413.8-070754: A

Py =1.18679d

02 o 02 04 06
Phase

125 WISE J061413.8-070754: B

T255) v PN S
126 i
s
127 i Pp=356519d i
o2 o o0z 04 3
Prase

187 ASASSN-V J064539.57+143349.6: A

141 Py = 2.64625d

02 o 02 04 06
Phase

7 ASASSN-V J064539.57+143349.6: B

W, Fnsn, oy
Pp =4.89512d

116 ASASSN-V J070251.10+050147.6: A
o [

e
18 '”'
1y i
2 | PA=361330d 1
1

T A

Fraso

"% ASASSN-V J070251.10+050147.6: B
Tes, il
1165‘

Pp =1.41979d

1167

02 o 02 04 06
Phase

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Pp =0.55177d

027
oz 0 T
Prase
ZTF J062316.07+160529.4: A
raas; oy
125
1355 & Pa=063600d
02 0 02 04 08
Prase

1342 ZTF J062316.07+160529.4: B

[
108 '# g "E‘g -
1348 f
128! ¢ Pg=T.53668d

02 o o2 os os

BEST-II Ira2a_00811
12855, 57
e
129
Py =1.81629d

1 -0.2 o ﬂ;n 0.4 06
1284, BEST-II Ira2a_00811
129 Pp =0.39818d

o2 0 R T

Frase

By GDS_J0706058-030026: A
was
ass.
18
1as8 m =1.42285d

= o o os

Ofrase

1ads) GDS_J0706058-030026: B

Y Pp=173795d

02 o 02 04 06
Phase





OEBPS/aa43723-22-fig8.jpg
% ASASSN-V J070838.27-171952.9: A

'
LR i \
1315 \ Pa=430057d \(
oz o oz o4 3
Phase
1208
15, ASASSN-V J070838.27-171952.9: B
‘“g’uoem s iy S
§raos \
k]
1208 i ¥
13.08] ¥ Pp=376721d
o2 o 0z o4 3
Prase
"3 ASAS J073054-1840.7: A
8114
gus
H
e Py = 2.06843d
oz o 0z 06
Phase
ASAS J073054-1840.7: B
8113
£
¥ Py =172851d
48 -0.2 0 0.4 06

02
Phase

137 ASASSN-V J073515.34-384551.0: A

[Py " el
3 10 i, G, ol
g
= 139

14l

o2 3 0z o6
Phaso
127

ASASSN-V J073515.34-384551.0: B

g ST, SO, R
£ e vf 3
5 \
= 1385 H
129 Pp=1.17418d ¥
0z o 0z oa 06
Praso
12 ASASSN-V J074844.43-374960.0: A
§raos| //""”
Far N\ N\
1215 ‘V P4 = 0.50559 dv
o2 [ o4 06

02
Phase

121 ¢ Ppp=197350d

02 04 06
Phase

132 ASASSN-V J081048.48+133402.0: A

£ s,
H
133 Pp = 2122744
e e a s
152 ASASSN-V J081048.48+133402.0: B
EPW B
H i
) § Py=d013354
S T

02
Phase

2.2
ASASSN-V J071131.63-153341.3: A
e, o

123
124 ) !/ \ [
125 b {
126 i
Y Pa=261114d
127, ¥
02 o 04 3

02
Phase

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

1208) Pp = 1.72806 d

02 04 08
Phase

02 04 08
Phase

1256 BESTII F20a.01769: B

12584 >

126

%
Pp =0.28977d "

02
Phase

14 ASASSN-V J073836.07-254110.7: A

Piasena 1,.—....—.—.-_\/,-.._—.
144 v’
146 P = 6.36044 d

0z o 2 O 3

WISE J075848,7-374315: A

Py = 0.39565 d

02 04 06
Phase

13.95) 'WISE J075848.7-374315: B

B Pp = 0.30938 d "

02 08
Phase

125 ASASSN-V J081549.78—360750.l: A_

1255

Py =0.77760 d

02 08
Phase

12|

ASASSN-V J072304.90-110043.5: A

124
122
Siea
224
125 Py =2.55308d
o2 o 0z 08 3
Prase

o ASASSN-V J072304.90-110043.5: B

Magnitude

P = 2.20115d

o8

02
Phase

Magnitude

148 § Pa=558800d §
o DT
Fraso

e ASASSN-V J073451.49-070610.2: B

1442 # Pp =1.68384d

02 o 02
Phase

v,
& Pa=0.60290d ~

02 04 08
Phase
105 V0674 Pup: B
8 10T Sy B ciiac
g7
=108 H
109 iPp = 6.5245d!
02 o 0z 04 08
Phase

Magnitude

P =0.90613d

o2 o 0z 04 3
Praso
LZLyn: B
% j# 8, . pli
g i t
H #

. Pl
i R
t 'Py = 0.39560 i ft
N o

02 o8
Phase

118 ASASSN-V J082616.93-675427.2: A

Sres
E
sl Py = 1.44281d
02 o 0z 06
Prase
18 ASASSN-V J082616.93-675427.2: B
§ e .
1189 Pp = 0.36656 d
<02 o 06

02
Phase





OEBPS/aa43723-22-fig1_small.jpg





OEBPS/aa43723-22-fig3_small.jpg





OEBPS/aa43723-22-fig10.jpg
V0871 Cen: A
ESGE
S \
H 84 \
siz Pa= 2000704
e
oz thie
0
Lo V0871 Cen: B
gms
E““W
o7 s
333—02 0 02 06
e WISEJII5225.7-665754: A
H
"7 \/PA =2.04612d

02 o 02 04 06
Phase

WISE J115225.7- 665754 B
sy w2t
e s 1

154

Magnitude

02 o 0z 04 08

Magnitude

¥ Pa=184010d

02 o 0z 04 08
Phase

1325 ASASSN-V 1125427.31-653437.7: B

13.28

H 1332
e Pp =1.88934d
s o 0z 04 06
Fraso
935
od HD 128523: A
o ,__....___\ —
g ] Vi
Zass Vi
ol \ Pa=2451064
0z o 02 04 06
Brase
94
HD 128523: B
04z,
2 044 i V
i
a4 V pp=3308514
oz o oz o4 o6
Brase

ASASSN-V J154043.29-494808.4: A

—— oS, | s

121

Y Py =260530d

02 o 02 04 06
Phase

121 ASASSN-V J]54041 290-4948084: B |

= 0.56706 d

08

Bnase

" V0384 Cen: A
B2
H
n i Pa=1263540d i
o2 o 0z 04 3
Prase
oz
V0384 Cen: B
g
11.08 Pp =3.64026d "
-02 0 02 06
Brase
1064 KELT KS38C016096: A
§ 1066, .
ana ¥
= 107 i1
1072 v Py =2.79149d
-02 0 02 04 06
Prase

KELT KS38C016096: B

Magnitude
3

1067 i pp=31.57263d ¢
2 L T PR T
Frase

y ASASSN-V J134743.51-512416.7: A

Magnitude

Pa =0.57748d

02 o [ 04 06
Phase

124 ASASSN-V J134743.51-512416.7: B

Magnitude

1259 © Py =0.49391d

02 o 0z 04 08
Phase

12

ASASSN-V J143536.01-721459.4: A

121
§12 \ A
s i
=124 \l
125 § Pa=7.353614 V
0z o 0z oa o6
Brase

1212 ASASSN 'V J143536.01-721459.4: B

1213

B i i
1216 i
b ' Pp=6.36881d
2 o oz o4 os
Prase

25 ASASSN-V 1154958.67-494817.6: A

Magnitude

\
L Pa=6.06830d
02 04 3
Prase

1282 ASASSN-V J154958.67-494817.6: B

§,|2EG
= 1288
129 % Py = 0387434
oz o 0z o5
Bhase

[DPS2013] 60: A

LY I ) %

2 v/

12,05/ \J P4 =0.68422d
o2 o

OBrase

Magnitude

Magnitude

Py =2.07254d

02 o 02 04 06
Phase

ASASSN-V J124203.23-644513.2: B
2.4, ; _ ’

Magnitude

128 Pp = 1.41230d

02 o 0z 04 06
Phase

3
y ASASSN-V J140754.66+354456.0: A

Magnitude

12 Py =1.01201d ¥
02 o 0z 04 o6
Phase

124 ASASSN- VJ|40754 66+'$54456 B

Magnitude

Pp =8.26107d

02 o 0z 04 06
Phase

122 ASASSN-V J154012.48-723446.0: A
1225
123
1235
124
12.45

Magnitude

Pa = 1.05482d
2
Phase

1223 ASASSN-V J154012.48-723446.0: B

Magnitude

Pp =0.48122d

02 o 02 04 06
Phase

ASASSN-V J155157.55-430547.7: A

1105

Y Pa=2.92193d
115
o2 o 0z 04 3
Bhase
04

o8 ASASSN-V J155157.55-430547.7: B
g [ M_«,&» st
£ 108 : i
H

i

Pp =8931d

02 o 0z 04 06
Phase





OEBPS/aa43723-22-fig12.jpg
Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

1.75,
ASASSN-V J184700.16-492255.5: A

e
s, portieret
e !  /
1o ; g
s i Pa=417655d
-02 o 02 04 06
Brese
"* ASASSN-V J184700.16-492255.5: B
N
1o ]
¥ Pp =3.25774d
s
02 o 02 04 m
Frase
126
C2eV2708: A
s
W

Py =1.24205d

02 0 o 04 06

2
Phase

CzeV2708: B

Py = 0.27263d

1252
E ooz oe os
Brase
o3 V1356 Cyg: A
a9
1

Pa = 1.95667d

102
o2 o oz oa oe
Frase
o8
V1356 Cyg: B
gg....._‘\
w0

Pp = 7.56823d

101
Sz o ea o ea e
Brase
* Brh V154: A

Pg =1.94453d
.

WISE J202244.1+325218: A
p 5F Pj = 3.42728d ¥
.
s WISE J202244.1+325218: B
ey
1485 i PEERY

§ Pp =21.471984d |

" ASASSN-V J191022.62+164303.2: A

LS
/ \
20 \ / \
nal \/, Py =1.20379d
2 o 0z 04 0e
Bhase

. ASASSN-V J191022.62+164303.2: B
s Vi i ¢
118 \g' Pp =1.38157d

02 o 02 04 08
Phase

Magnitude

;. ASASSN-V J194302.90+294814.1: A

175

Magnitude

" Ps = 1.63142d

02 o 04 08

02
Phase

1169
117. ASASSN-V J194302.90+294814.1: B

B M T
2um 4
174 4 Pp=338144d
o2 o o0z 0s 3
Prase
128

1285 ZTF J195756.55+271912.8: A

2 12 . -
H ,wsw W
L
1305 \m’ Pa = 2.83674d
oz o 0z o4 o6
Brase
1286

1288 ZTF J195756.55+271912.8: B

s -
e D o

1204

Magnitude

Pp = 356769 d

0z o 0z 04 o8
Phase

1296

134 ASASSN-V J201545.10+373555.2: A

Magnitude

Py =275347d

02 o 08

02
Phase

1342 ASASSN-V J201545.10+373555.2: B

Magnitude

Pp = 2.82348d

2 04 o8
Phase

1086/ WISE J203851.9+502800: A
1065

107
§roms
2 108
1085/ Pa =1.64025d
w2 o oz o os
Brase
0

e
e WISEJ203851.9+502800: B

$ 1000w, e
Z1oee
£
107 Py =1.15623 d
1072

02 04 08
Phase

12 KELT KC11C034703: A

122 Py =2.19190d
1222
2 o ez e os
Brase
214
KELT KC11C034703: B
LI e T
Frats ! H
; i
122 P =9.38139d '
oz 0 ez asos
Brase

142 ZTF J194856.47+360309.2: A

G,
145, P4 =0.64139d

02
Phase

142 ZTF J194856.47+360309.2: B
14,255, Ty Mﬁ\wx

Magnitude

143
1435
144 Pp = 0.86643 d

02 o R 06

127, ZTF J200052.75+305205.6: A

Pa = 19.99985 d

1
oz o oz o4 e
Fraso
1274
S ZTF100052.75+305205.6: B
£ et &
g
122
oz o0z o6
Fraso

143
s ZTF1201742.81+362821.2: A
$as ; AR
gs
= 14.7) )
148 Py =1.17880d
02 ° a2 oa s
Phase
10

ZTF J201742.81+362821.2: B

g s
145
Pp =0.68534d
e 2 s os
Frase
104 NSVS 5871089: A
g 07
Fros
g

Py =0.74803 d

02 o 02 04 06
Phase
1065 NSVS 5871089: B
g .
£ 107 3
£ 1075 4
108 W Py = 0.53787d
02 o 02 04 06
Phase





OEBPS/aa43723-22-fig11.jpg
12 ASASSN-V J160411.50+430149.1: A

§ 1208 ey [
g 121 : L
£
1215 Py =2.71787d
122
oz o o4 os

02
Phase

b ASASSN-V J160411.50+430149.1: B

§ 105 e et e
H 121
i Pp=1496377d
D o og we o8
88 V0398 Nor: A
ge7
Bos
£
89 Py = 1.58895d
oz o 0z o4 o6
Frase
a8
V0398 Nor: B
o068 .
€ o7 Y
E 1
o ¥ Pp=1.54103d
2 g 2 s os
Prase
e ASASSN-VJ171020.36-794023.0: A |
§ s :
E‘vuﬁ
Pt X
- i Pa = 0519764
oz o oz e o8
aso
e ASASSN-V J171020.36-794023.0: B
Sress \
=
1305 x,/ Pp = 145669 d
oz o oz s o8
17
1175 ASASSN-V J175000.12-415247.9: A
E ns""-"\ I,.--v‘-«.—.\ /—n—-—
o \ \
it i i
118 \J Pa=320024
02 o 2. oe o
T ASASSN-V J175000.12-415247.9: B
£ 11 70k R e
§ 1170 SR S
5 s
= e [
11.82 ’ Pp =3.71088d
oz o g e o8
22
o WISE 1182934.1-395010: A
frae
Fes ,/'
1 NefPy =059
L -02 0 0.4 06

02
Phase

WISE J182934.1

Pp =0.53833d

02 04 o8
Phase

135 ASASSN-V J161601.84-424533.0: A
oo RIERG | R,

J

7 4
¥ pa=3200554
0

Magnitude

0z 06
Phase

ASASSN-V J161601.84-42453

Magnitude

04 06

g 121
= 1215
122
T o oz o4 o6
Frase
e
ASASSN-V J162738.80-432923.7: B_|
5 ol .
£ o0 ) )
# Py = 0.41157d
121 02 o 2 04 06
Prase
122
2o ASASSN-V J172557.86-702516.0: A
PR, - s
£ 124 V!
Ef | 1l
125 \/ |
Py =430823d |}
126
oz o 2 o6
Frase
1228
\as ASASSN-V J172557.86-702516.0: B
Frone

Py =0.32459d

02 04 06
Phase

Magnitude

" Py =0.37486d
B T T
Braso
a8
e WISEJ175944.9-502122: B
3 s .
1476 Pp =1.01601d
T
Brace
10 ASASSN-V J184117.47-414037.4: A
3 "2 i
e
= 13
1038] 5 P4 =2.12481d
T T S T
Braco
1 ASASSN-V J184117.47-414037.4: B
Tz i
1028

v Pp = 0.48454d

02 04 [
Phase

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

Magnitude

136 ASASSN-V J162133.01-675919.1: A

mw—...\

\/ v

/
Y pa=23s3214

o 04

02
Phase

08

371 ASASSN-V J162133.01-675919.1: B

1075
18
B o
Brace
na V1037 Her: A
[ N s PR
1.4 ‘v
s Pa = 0.78758d
Gz o ez odos
e
nz
V1037 Her: B
“ZSLXMM P aams— e
na
" Pp = 5.80371d
114l
B N T
Frace
114 ASASSN-V J173344.14-363037.8: A
0 Py = 547886

1145

144)

1445

145]

1455

o o. 04

2
Phase

ASASSN-V J173344.14-363

Y
g Pp =2.61521d
o oz

04
Phase

02
Phase

ASASSN-V J182400.66-354210.9: B

02
Phase

Pp = 0.372204d - .

08

037.8: B

o8

08

o8

133 ASASSN-V J184212.96-775807.0: A

Py =054123d

04

02
Phase

Pp = 0.34059 d

0z
Phase

08

o8





OEBPS/aa43723-22-fig11_small.jpg





