
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Light curves (blue points) and model fits (smooth red curves) for the third-body eclipses of TIC 185615681 (marked with vertical arrows). The other notation is the same as in Fig. 1.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Light curves (blue points) and model fits (smooth red curves) for the TESS-observed third-body eclipses of TIC 321978218 (marked by horizontal arrows). The other notation is the same as in Fig. 1.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Light curves (blue points) and model fits (smooth red curves) for TIC 650024463. The vertical and horizontal arrows mark the times of third body eclipses. The other notation is the same as in Fig. 1.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        TESS primary and secondary ETV curves (red and blue circles, respectively), with the best-fit photodynamical solution (small red and blue points) for TIC 133771812 (see Sect. 6). The horizontally centered black curve represents the pure LTTE contribution. Vertical lines mark the times of the observed outer eclipses (dashed green-the binary occulting the tertiary star).

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        ETV curves formed from the TESS and ground-based follow up observations with the best-fit photodynamical solution for TIC 176713425. The horizontally centered black curve represents the pure LTTE contribution. Dashed vertical green line marks the position of the only (two-dipped) third-body eclipse event which was observed with TESS.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        TESS ETV curves with the best-fitted photodynamical solution for TIC 185615681 (TZ Pyx). The horizontally centered black curve represents the pure LTTE contribution. Vertical dashed green lines represent the times of the observed outer eclipses when the binary occults the tertiary star, and vice versa for the dot-dashed red lines.

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        ETV curves for TIC 321978218 with the best-fit photodynamical solution superposed. Left panel: ETV curve derived from TESS data only. We note that only those sections of the ETV curves, where TESS data are available, are shown. Vertical black lines denote the different sector boundaries; dashed green lines represent the times of the observed outer eclipses when the binary occults the tertiary star, and vice versa for the dot-dashed red lines. Right panel: overall ETV curve after adding average ‘seasonal’ ETV points (see text for explanation) calculated from SWASP observations. The longer-term ETV curve also nicely shows an additional variation. We model it with an fourth stellar component, making the system a 2+1+1 quadruple. See text for details.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        TESS ETV curves with the best-fit photodynamical solution for TIC 323486857. We note that only those sections of the ETV curves, where TESS ETV data are available, are shown. Vertical lines have the same meaning as in Fig. 13.

      

    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
        TESS ETV curves with the best-fitted photodynamical solution for TIC 650024463. The horizontally centered black curve represents the pure LTTE contribution. Vertical lines have the same meaning as in Fig. 13.

      

    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        RV curves and model fits for TIC 185615681. The thin, horizontal line at V = −5.95 km s−1 represents the systemic radial velocity of the triple star system. If TIC 185615681 were a single binary, the RVs of the two components would intersect each other exactly on that line. The offset of consecutive intersections of the RV curves from this line is due to the revolution of the inner pair around the center of mass of the whole triple system. The RV points were taken from Duerbeck & Rucinski (2007).

      

    

  
    
      Table 6. 

      Orbital and astrophysical parameters of TICs 133771812 and 176713425 from the joint photodynamical light curve, ETV, SED and PARSEC isochrone solution.

      
        


	
	TIC 133771812
	TIC 176713425



	




	Orbital elements



	
	Subsystem



	
	Aa–Ab
	A–B
	Aa–Ab
	A–B





	t0 [BJD – 2 400 000]
	58 491.0
	58 738.5



	P [days]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	a [R⊙]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	e
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	ω [deg]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	i [deg]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	[image: equation] [BJD – 2 400 000]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	τ [BJD – 2 400 000]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Ω [deg]
	0.0
	
[image: equation]
	0.0
	
[image: equation]



	imut [deg]
	
[image: equation]
	
[image: equation]



	ϖdyn [deg]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	idyn [deg]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Ωdyn [deg]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	iinv [deg]
	
[image: equation]
	
[image: equation]



	Ωinv [deg]
	
[image: equation]
	
[image: equation]



	




	Mass ratio [q = Msec/Mpri]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Kpri [km s−1]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Ksec [km s−1]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	




	Apsidal and nodal motion related parameters



	




	Papse [year]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	
[image: equation] [year]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	
[image: equation] [year]
	
[image: equation]
	
[image: equation]



	Δω3b [arcsec cycle−1]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	ΔωGR [arcsec cycle−1]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Δωtide [arcsec cycle−1]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	




	Stellar parameters



	




	
	Aa
	Ab
	B
	Aa
	Ab
	B



	




	Relative quantities



	




	Fractional radius [R/a]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Temperature relative to (Teff)Aa
	1
	
[image: equation]
	
[image: equation]
	1
	
[image: equation]
	
[image: equation]



	Fractional flux [in TESS-band]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Fractional flux [in Cousins RC-band]
	−
	−
	−
	
[image: equation]
	
[image: equation]
	
[image: equation]



	




	Physical quantities



	




	M [M⊙]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	R [R⊙]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Teff [K]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Lbol [L⊙]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	Mbol
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	MV
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	log g [dex]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	




	Global system parameters



	




	log(age) [dex]
	
[image: equation]
	
[image: equation]



	[M/H] [dex]
	
[image: equation]
	
[image: equation]



	E(B − V) [mag]
	
[image: equation]
	
[image: equation]



	Extra light ℓ4 [in TESS-band]
	
[image: equation]
	
[image: equation]



	Extra light ℓ4 [in Cousins RC-band]
	−
	
[image: equation]



	(MV)tot
	
[image: equation]
	
[image: equation]



	Distance [pc]
	
[image: equation]
	
[image: equation]





      

    

  
    
      Table 10. 

      Derived ephemerides for the seven triple systems to be used for planning future observations.

      
        


	TIC ID
	133771812
	176713425
	185615681
	287756035
	321978218
	323486857
	650024463



	




	
	Inner binary





	P
	12.36949
	1.898728
	2.3185738
	2.0814225
	0.5698104
	0.883992
	7.1971



	
	12.36844
	
	2.3185448
	
	
	
	7.1969



	𝒯0
	60 035.027
	60 317.664
	60 055.382
	60 127.070
	60 434.640
	60 150.345
	60 252.278



	
	60 020.719
	
	60 056.539
	
	
	
	60 248.733



	𝒜ETV
	0.030
	0.006
	0.0007
	0.0025
	0.0013
	0.0008
	0.028



	D
	0.322
	0.228
	0.269
	0.283
	0.085
	0.168
	0.307



	




	
	Wide binary (third body eclipses)



	




	P
	242.3
	52.55
	55.84
	367.64
	57.52
	41.356
	107.95



	[image: equation]
	58 600.1:
	(58 762.2:)
	58 547.5
	59 311.55
	59 095.85
	58 595.02
	59 579.5



	Dinf
	6.5
	6.3:
	1.45
	4.21
	1.01
	1.29
	2.70



	[image: equation]
	58 510.4
	58 740.1
	(58 572.9)
	59 470.28:
	59 072.45
	(58 615.71)
	59 503.8



	Dsup
	6.3
	0.89
	1.90
	3.90:
	0.68
	1.27
	3.18





      

      
Notes. (a) For the inner binaries: P, 𝒯0, 𝒜ETV, D are the period, reference time of a primary minimum, half-amplitude of the ETV curve, and the full duration of an eclipse, respectively. 𝒯0 is given in BJD – 2 400 000, while the other quantities are in days. For all those triples where the inner eccentricities are very small and, hence, the shifts of the secondary eclipses relative to phase 0.5 are negligible (quantitatively, they are much smaller than the full durations of the individual eclipses), the same reference times and periods can be used to predict the times of the secondary eclipses. In the case of the three eccentric EBs we give a separate period and reference time for the secondary eclipses, listing them below the primary ephemerides. (b) For the outer orbits we give separate reference times for the third body eclipses around the inferior and superior conjunctions of the tertiary component. The eclipse durations, D, of the third-body eclipses do not give the extent of any specific third body events. Rather D represents the time difference corresponding to the very first and last moments around a given third-body conjunction when the first/last contact of a third-body event may occur). Double dots (:) call attention to the less certain superior/inferior conjunction times at those types of third-body events (i.e., primary vs. secondary outer eclipses) because they were not observed by TESS. Conjunction data, in parentheses, indicate that only very shallow third-body eclipses may occur which can hardly be observed with ground-based instruments.



    

  
    
      Fig. 23. 

      
        [image: thumbnail]
      

      
        Comparison of Gaia distances (Bailer-Jones et al. 2021) to 40 triple systems with distances found from our photodynamical fits to the system parameters. The systems marked in red are 6 from the current work with fitted distances. The blue curve is the line where the Gaia and our photometric distances would match. The formal correlation coefficient between the two sets of data is 0.993, and the fitted slope is 1.028 ± 0.004. There is one system, TIC 52041148, at a Gaia distance of 5931 ± 400 pc and photometric distance of 1357 ± 30, that is off the plot.

      

    

  
    
      Table A.2. 

      Eclipse times for TIC 176713425

      
        


	BJD
	Cycle
	std. dev.
	BJD
	Cycle
	std. dev.
	BJD
	Cycle
	std. dev.
	BJD
	Cycle
	std. dev.



	−2 400 000
	no.
	(d)
	−2 400 000
	no.
	(d)
	−2 400 000
	no.
	(d)
	−2 400 000
	no.
	(d)





	58738.87091
	-0.5
	0.00016
	58760.71389
	11.0
	0.00015
	58784.43845
	23.5
	0.00015
	59869.56727
	595.0
	0.00007



	58739.82153
	0.0
	0.00026
	58761.66181
	11.5
	0.00020
	58785.38567
	24.0
	0.00015
	59870.51853
	595.5
	0.00010



	58740.77369
	0.5
	0.00023
	58762.60987
	12.0
	0.00014
	58786.33606
	24.5
	0.00015
	59871.46504
	596.0
	0.00007



	58741.72591
	1.0
	0.00018
	58765.45725
	13.5
	0.00024
	58787.28548
	25.0
	0.00016
	59872.41525
	596.5
	0.00009



	58742.67534
	1.5
	0.00014
	58766.40505
	14.0
	0.00019
	58788.23455
	25.5
	0.00038
	59873.36401
	597.0
	0.00008



	58743.62592
	2.0
	0.00024
	58767.35647
	14.5
	0.00011
	58789.18950
	26.0
	0.00086
	59874.31226
	597.5
	0.00009



	58744.57356
	2.5
	0.00019
	58768.30415
	15.0
	0.00013
	59758.49509a
	536.5
	0.00004
	59875.26216
	598.0
	0.00010



	58745.52534
	3.0
	0.00010
	58769.25387
	15.5
	0.00022
	59853.43423
	586.5
	0.00009
	59876.21071
	598.5
	0.00009



	58746.47509
	3.5
	0.00019
	58770.20236
	16.0
	0.00013
	59854.38270
	587.0
	0.00009
	59877.15953
	599.0
	0.00009



	58747.42357
	4.0
	0.00014
	58771.15121
	16.5
	0.00020
	59855.33184
	587.5
	0.00009
	59878.10921
	599.5
	0.00010



	58748.37530
	4.5
	0.00022
	58772.10136
	17.0
	0.00011
	59856.28088
	588.0
	0.00011
	59879.05671
	600.0
	0.00009



	58749.32190
	5.0
	0.00015
	58773.04374
	17.5
	0.00196
	59857.23138
	588.5
	0.00008
	59880.00742
	600.5
	0.00011



	58750.27213
	5.5
	0.00024
	58773.99852
	18.0
	0.00022
	59858.17868
	589.0
	0.00010
	59880.95465
	601.0
	0.00008



	58752.17061
	6.5
	0.00019
	58774.94872
	18.5
	0.00023
	59859.13005
	589.5
	0.00011
	59881.90507
	601.5
	0.00010



	58753.12064
	7.0
	0.00015
	58775.89613
	19.0
	0.00031
	59860.07715
	590.0
	0.00009
	60135.38686b
	735.0
	0.00010



	58754.06873
	7.5
	0.00016
	58777.79345
	20.0
	0.00017
	59861.02787
	590.5
	0.00013
	60208.48369b
	773.5
	0.00003



	58755.01904
	8.0
	0.00012
	58778.74329
	20.5
	0.00025
	59861.97509
	591.0
	0.00008
	60209.43240b
	774.0
	0.00004



	58755.96778
	8.5
	0.00016
	58779.69151
	21.0
	0.00018
	59862.92622
	591.5
	0.00009
	60267.35271b
	804.5
	0.00003



	58756.91576
	9.0
	0.00027
	58780.64248
	21.5
	0.00015
	59866.72126
	593.5
	0.00009
	60268.30225b
	805.0
	0.00007



	58757.86637
	9.5
	0.00019
	58781.59047
	22.0
	0.00013
	59867.66957
	594.0
	0.00008
	60286.34061b
	814.5
	0.00003



	58758.81356
	10.0
	0.00014
	58782.53835
	22.5
	0.00020
	59868.61941
	594.5
	0.00010
	60344.24895b
	845.0
	0.00004



	58759.76472
	10.5
	0.00019
	58783.48854
	23.0
	0.00010





      

      
Notes. a: Observed at BAO; b: Observed at GAO; the other eclipses observed with TESS.
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