
    
      Fig. 3. 
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Proper motions of β Lyr A and β Lyr B. The black points denote proper motion measurements of β Lyr A, the black triangles proper motions of β Lyr B, the red point the mean weighted proper motion of β Lyr A, and the red triangle the mean weighted proper motion of β Lyr B. Xµ, Yµ are Cartesian coordinates of the proper motion vector given by Eqs. (C.1) and (C.2). The former is north–south oriented, and the latter east–west oriented.



    

  
    Table 6. 

Various estimates of the binary mass ratio of β Lyr.




	mg/md
	Source
	Note





	2.83–4.05
	Harmanec (1990)
	1



	4.28 ± 0.13
	Skulskii & Topilskaya (1991)
	2



	4.68 ± 0.1
	Skulskii (1992)
	2



	4.484
	Harmanec & Scholz (1993)
	3



	4.432
	Bisikalo et al. (2000)
	4






Notes. (1) From the spin-orbit corotation of star 2; (2) from a RV solution for Crimean 3 Å mm−1 CCD spectra of SiII lines; (3) from a RV solution for all at that time available RVs; (4) from a KOREL disentangling RV solution for the selection of 68 red Ondřejov Reticon spectra with the highest S/N.




  
    Table 7. 

List of fixed parameters.




	Parameter
	Unit
	Value
	References





	P0
	(d)
	12.913779
	1



	Tmin
	(HJD)
	2 408 254.4248895
	1



	Ṗ
	(d d−1)
	5.9977 × 10−7
	1



	a sin i
	(R
⊙)
	58.19
	2



	q
	
	4.50
	2



	e
	
	0.0
	2



	ω
	(deg)
	90.0
	2



	Rg
	(R⊙)
	6.0
	3



	Teff,d
	(K)
	13 300.0
	4



	xbol,d
	
	λ-dependent
	5



	xbol,g
	
	λ-dependent
	5



	αGD,d
	
	0.25
	6



	αGD,g
	
	0.25
	6






Notes. Teff,d denotes the polar temperature, αGD the coefficient of gravity darkening, xbol the wavelength-dependent coefficient of linear limb darkening.

References. (1) Ak et al. (2007), (2) Harmanec & Scholz (1993), (3) Harmanec (1992), (4) Balachandran et al. (1986), (5) van Hamme (1993), (6) von Zeipel (1924).




  
    
      Fig. 5. 
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Synthetic images of β Lyr A system for five different models: slab power-law, slab steady, wedge power-law, wedge steady, and nebula. The scale of grays corresponds to the monochromatic intensity Iv
 (in erg s−1 cm−2 sr−1 Hz−1). The wavelength is always λ = 545 mn and the orbital phase 0.25; α goes along east–west direction, and δ along north–south direction. It is worth noting that each model converged independently, but the outcomes are remarkably similar in terms of geometry.



    

  
    
      Fig. 7. 
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Observed and synthetic light curves of β Lyr A, shown for all 21 datasets (see their names in the right column). The light curves are phased according to 1. Vertical offsets are arbitrary. The best-fit model is again “nebula” with χ
2 = 103 233; the individual contribution arising from light curves comparison is [image: equation]. Synthetic data are denoted by yellow crosses, observed data by blue error bars, and residua by red lines (or circles). There are clear systematic differences especially for datasets iue.1250, iue.1365, oao2.1910, oao2.3320. At the same time, there are neighboring datasets matched relatively well. Sometimes, an intrinsic variability can be also seen (oao2.1430).



    

  
    Table 10. 

Disk-rim temperature at three wavelengths (given by the upper index in nm).




	Model
	T500
	T1000
	T2000





	Slab power-law
	8764
	8323
	5859



	Slab steady
	7822
	7434
	5183



	Wedge steady
	6847
	6284
	4941







  
    
      Fig. 10. 
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Top panel: optical depth τ (computed for the wavelength λ = 1630 nm) of the β Lyr A disk, which is observed approximately edge-on (that is from the top). The coordinate z thus corresponds to the line of sight, while x (and y) to the sky plane. The center is empty because the gainer is a non-transparent object. In this case, the inner-rim density of the wedge power-law model is set low, ρ0 = 10−9 g cm−3, to demonstrate a separation from the outer rim. The dashed line shows the physical position of the photosphere (τ = 2/3). The lines-of-sight grid exhibits “steps” due to the limited spatial resolution of our model (1 R⊙), even though the integration of the radiation transfer (the contribution function) is internally performed on a much finer grid. Bottom panel: corresponding photospheric temperature Tphot of the disk, which varies along with the radial temperature profile T(R).



    

  
    
      Fig. 11. 
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Optical depth τ in the vertical (perpendicular) cross-section of the disk; other parameters are the same as in Fig. 10. The lines of sight are seemingly different from the wedge shape, but this only because they start either in the vacuum, or at the non-transparent object.



    

  
    
      Fig. 12. 
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Comparison of radial temperature profiles of the accretion disk surrounding the gainer. The dotted line is the profile obtained by Mennickent & Djurašević (2013), and the dashed line is mean temperature of the two-temperature model developed by Linnell (2000). The red line represents the best-fitting power-law radial temperature profile (solution slab/pl in Table 9), and the red belt all plausible solutions given by the uncertainty of the inner rim temperature and the exponent of the power-law, and the red point position of photosphere (τ = 2/3), where temperature Tph. = 7 192 K is reached. The blue line represents the best-fitting steady-disk radial temperature profile (solution slab/sd in Table 9), the blue belt all plausible solutions given by uncertainty in the inner rim temperature, and the blue point position of photosphere (τ = 2/3), where temperature Tph: = 7 192 K K is reached. The photospheric temperatures were computed for a line of sight in the plane z = 0 and piercing through center of the accretion disk



    

  
    
      Fig. 13. 
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Synthetic images of slab power-law model which was further improved by a “spot” (that is a spherical structure between the primary and secondary, partly hidden inside the slab). The total (not reduced) χ2 value was decreased from 105 202 (without the spot) down to 102 005, which is a significant improvement. Four wavelengths are shown: λ = 155 nm (FUV), 545 nm (V band), 1630 nm (H), and 4750 nm (M).



    

  
    Table 11. 

Properties of the hot spot added to slab power-law model of β Lyr A.




	Par.
	Unit
	Min
	Max
	Value





	rs
	(R⊙)
	20
	Rout
	30.28 ± 2.7



	θs
	(deg)
	0
	360
	0.6 ± 11.4



	Rs
	(R⊙)
	4
	1.5H
	6.48 ± 2.21



	ρs
	(g cm−3)
	10−11
	10−7
	5.36 ± 5.03 × 10−8



	Ts
	(K)
	6000
	25 000
	9781 ± 1893






Notes. The resulting total (not reduced) χ2 = 102 005, with individual contributions [image: equation], [image: equation], [image: equation], and [image: equation]. For comparison with Table 8, the reduced χ2 is now 3.74.




  
    Table A.1. 

Detailed journal of interferometric observations.




	Date
	RJD
	ϕO
	Tel.
	Δλ
	NCH
	Src.



	(yyyy-mm-dd)
	(d)
	
	
	(nm)
	
	





	This table is available through CDS.






Notes. “Date” denotes the observation date, “RJD” the mid-exposure epoch, ϕO the full number of orbital cycles since the reference epoch by Ak et al. (2007), “Tel.” the configuration of the source instrument, Δλ the passband, and N
CH number of channels into which the passband Δλ was sliced. Columns “Src.” denotes source instrument of the observations. They are the following: 1. CHARA/VEGA, 2. CHARA/MIRC, and 3. NPOI.




  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
Comparison of synthetic spectral-energy distributions (thick lines) of β Lyr A and observed SED (thin lines) according to Burnashev & Skulskii (1978). The monochromatic flux Fλ
 (in erg s−1 cm−2 cm−1) was measured in the range of λ = 330–740 nm. The color scale correspond to the orbital phase. Observation uncertainties are on the order of 5%. The model (corresponding to a “nebula” with tinv = 4.53) was not converged with respect to these observations and the SEDs thus inevitably exhibit some systematic offsets.



    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
(u, v) coverage of all interferometric observations. Colors correspond to three different instruments: NPOI (blue), CHARA/MIRC (green), CHARA/VEGA (magenta).



    

  
    
      Fig. C.1. 
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Comparison of an observed spectrum of β Lyr B obtained on RJD = 49866.4348 and disentangled spectra of β Lyr B with the best fitting spectra corresponding to their respective solutions listed in Table 3, that is synthetic spectra compared to observed spectrum correspond to slightly different parameters than those compared to disentangled spectra. The blue line denotes disentangled spectrum, the black line the observed spectrum, the red line best-fitting synthetic spectrum, and the yellow line fit residuals. Only principal spectral lines (Si II 6347 Å, Si II 6371 Å, Hα, He I 6678 Å) that are present within the studied spectral region Δλ ≃ 6200–6800 Å and their surroundings are plotted.



    

  
    Table A.2. 

Journal of calibrator stars that were used to calibrate the interferometric observations of β Lyr.




	Parameter
	Unit
	Calibrator




	
	
	HD 76437
	HD 192640
	HD 189849
	HD 168914





	Spectral type
	
	B9III
	A2V
	A4III
	A7V



	Teff
	(K)
	11 226
	87 774
	7804
	7600



	log g(cgs)
	
	4.11
	4.42
	3.89
	4.20



	V
	(mag)
	3.250
	4.9493
	4.651
	5.122




	θLD
	(mas)
	0.755 ± 0.019a
	0.471 ± 0.033b
	0.517 ± 0.036b
	0.456 ± 0.023c



	θUD (V)
	(mas)
	0.727 ± 0.018
	0.449 ± 0.031
	0.489 ± 0.034
	0.432 ± 0.022



	θUD (R)
	(mas)
	0.733 ± 0.018
	0.454 ± 0.032
	0.496 ± 0.035
	0.437 ± 0.022



	θUD (I)
	(mas)
	0.738 ± 0.019
	0.458 ± 0.032
	0.501 ± 0.035
	0.441 ± 0.022



	θUD (H)
	(mas)
	0.737 ± 0.015
	0.465 ± 0.033
	0.510 ± 0.036
	0.463 ± 0.033






Notes. V denotes apparent magnitude in the Johnson’s V passband, θLD limb-darkened-disk angular diameter, θUD uniform-disk angular diameter, and V, R, I, H denote Johnson-series passbands. Apparent magnitudes and limb-darkened angular diameters were taken from the following sources: (1) Johnson (1966), (2) Häggkvist & Oja (1966), (3) Moffett & Barnes (1979),

(a) Monnier et al. (2012),


(b) Lafrasse et al. (2010),


(c) Touhami et al. (2013).
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