
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Top: Main pulsational mode in PG 1351 presented in Table 3. Fourier transform of data taken in sector 16, 22 and 23. The red dashed line denotes the 0.1% FAP. Bottom: Sliding Fourier transform sectors 22 and 23 of PG 1351+489 concentrating the main pulsational mode. The color-scale illustrates amplitude in ppt units.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Top: Fourier transform of data taken in sectors 4 and 5 of EC 04207. Bottom: Fourier transform of data taken in sectors 30, 31 and 32 of EC 04207. The horizontal red line indicates the 0.1% FAP level.

      

    

  
    
      Table 6. 

      Identified frequencies (combination frequencies), periods, and amplitudes (and their uncertainties) and the signal-to-noise ratio in the data of WD J1527.

      
        


	Peak
	ν
	Π
	A
	S/N



	
	(μHz)
	(s)
	(ppt)
	





	f1
	1340.703(28)
	745.877(15)
	30.74(3.89)
	7.1



	f2 ( † )
	1419.967(55)
	704.241(27)
	6.91(1.61)
	3.5



	f3 ( † )
	1422.687(02)
	702.895(01)
	17.28(1.61)
	8.5



	f4 ( † )
	1425.000(25)
	701.754(12)
	15.24(1.61)
	7.5



	f5
	1539.889(25)
	649.397(11)
	37.41(3.89)
	7.9



	




	2f3
	2845.254(42)
	351.462(05)
	8.94(0.31)
	4.6





      

      
Notes. The frequencies that are detected only in sector 12 are unmarked. Frequency and amplitude from sector 38 are marked with †.



    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Top: Fourier transform of data taken in sector 12 of WD J1527. The horizontal red line indicates the 0.1% FAP level. Bottom: Fourier transform of data taken in sector 38. The horizontal red line indicates the 0.1% FAP level.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Top: Fourier transform of sector 39 data of L 7−44. The horizontal red line indicates the 0.1% FAP level. The magenta line is the residual after extraction of the signals. Bottom: Sliding Fourier transform of sector 39 data of L 7−44. The color-scale illustrates amplitude in ppt units.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Schematic distribution of the pulsation periods of PG 1351 according to TESS (6 periods, black lines, upper panel), and according to Redaelli et al. (2011; 4 periods, blue lines, lower panel). The amplitudes have been arbitrarily set to one for clarity.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        I − V (upper panel) and K − S (lower panel) significance tests to search for a constant period spacing in PG 1351. The tests are applied to the set of 4 pulsation periods of Table 9, that includes the TESS and Redaelli et al. (2011)’s periods. Several possible constant period spacings are evident, the most notorious being that of ∼50 s. See text for details.

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Dipole (upper panel) and quadrupole (lower panel) average of the computed period spacings, [image: equation], assessed in a range of periods that includes the periods observed in PG 1351, shown as curves of different colors according to the different stellar masses. We consider the effective temperature Teff = 26 010 ± 1536 K (Bergeron et al. 2011), and the possible period spacing values derived from the four periods of PG 1351 according to Table 9. We include the error bars associated with the uncertainties in [image: equation] and Teff.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Chemical profiles (upper panel) and the squared Brunt-Väïsälä and Lamb frequencies for ℓ = 1 and ℓ = 2 (lower panel) corresponding to our asteroseismological DB WD model of PG 1351 with a stellar mass M⋆ = 0.664 M⊙ and an effective temperature Teff = 25 775 K.

      

    

  
    
      Table 10. 

      Main characteristics of the DBV star PG 1351.

      
        


	Quantity
	Spectroscopy
	Asteroseismology



	
	Astrometry
	





	Teff [K]
	26 010 ± 1536
	25 775 ± 150



	M⋆ [M⊙]
	0.558 ± 0.027
	0.664 ± 0.013



	log g [cm/s2]
	7.91 ± 0.07
	8.103 ± 0.020



	log(L⋆/L⊙)
	
	−1.244 ± 0.03



	log(R⋆/R⊙)
	
	1.912 ± 0.015



	(XC, XO)c
	
	0.32, 0.65



	MHe/M⋆
	
	5.42 × 10−3



	d [pc]
	
[image: equation]
	
[image: equation]



	π [mas]
	5.69 ± 0.05(a)
	
[image: equation]





      

      
References. (a) Gaia EDR3.



    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
        Schematic distribution of the pulsation periods of EC 20058 according to TESS (2 periods, black lines, upper panel), and according to Sullivan et al. (2008; 11 periods, blue lines, lower panel). The amplitudes have been arbitrarily set to one for clarity.

      

    

  
    
      Table 11. 

      Enlarged list of periods of EC 20058.

      
        


	[image: equation] (s)
	
[image: equation] (s)
	
[image: equation] (s)
	δΠℓ = 1 (s)
	
[image: equation] (s)
	δΠℓ = 2 (s)
	ℓO



	SEA08
	TESS
	
	
	
	





	195.0(*)
	
	193.662
	1.338
	
	
	1



	204.6
	
	
	
	
	
	?



	207.6(**)
	
	
	
	208.572
	−0.972
	2



	256.9
	256.852(**)
	
	
	256.162
	0.69
	2



	274.7(*)
	
	276.485
	−1.785
	
	
	1



	281.0
	280.983(**)
	
	
	279.957
	1.026
	2



	286.6
	
	
	
	
	
	?



	333.5
	
	
	
	
	
	?



	350.6(**)
	
	
	
	351.342
	−0.742
	2



	525.4(*)
	
	524.954
	0.446
	
	
	1



	539.8
	
	
	
	
	
	?





      

      
Notes. Column 1 corresponds to 11 ℓ = 1 periods derived by Sullivan et al. (2008; SEA08; see also Table 1 of Bischo-Kim & Metcalfe 2011), and Col. 2 corresponds to two periods detected by TESS (Table 4). The periods with one (two) asterisk(s) are used in a linear least square fit for modes with ℓ = 1 (ℓ = 2).



    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        I − V (upper panel) and K − S (lower panel) significance tests to search for a constant period spacing in EC 20058. The tests are applied to the set of 11 pulsation periods of Table 11, that includes the TESS plus Sullivan et al. (2008)’s periods. Possible values of constant period spacing are marked with arrows in the upper panel.

      

    

  
    
      Fig. 20. 

      
        [image: thumbnail]
      

      
        Same as in Fig. 19, but for case 2, which involves eight periods. A clear maxima for a model with Teff = 26 080 K and M⋆ = 0.664M⊙, compatible with the spectroscopic effective temperature of EC 20058, is marked with an arrow (see the text).

      

    

  
    
      Table 12. 

      Observed and theoretical periods of the asteroseismological solution for EC 20058 in the case 1, using 11 periods [M⋆ = 0.664 M⊙, Teff = 26 380 K].

      
        


	[image: equation]
	ℓO
	Πk
	ℓ
	k
	m
	δΠk
	
[image: equation]
	Unstable



	(s)
	
	(s)
	
	
	
	(s)
	(10−13 s/s)
	





	195.0
	1
	193.39
	2
	6
	0
	1.61
	0.40
	Yes



	204.6
	?
	204.19
	1
	3
	0
	0.41
	0.44
	Yes



	207.6
	2
	206.45
	2
	7
	0
	1.15
	0.47
	Yes



	256.852
	2
	248.42
	2
	9
	0
	8.43
	0.60
	Yes



	274.7
	1
	275.87
	1
	5
	0
	−1.17
	0.53
	Yes



	280.983
	2
	275.87
	1
	5
	0
	5.11
	0.53
	Yes



	286.6
	?
	293.03
	2
	11
	0
	−6.43
	0.69
	Yes



	333.5
	?
	332.28
	2
	13
	0
	1.22
	0.750
	Yes



	350.6
	2
	352.48
	2
	14
	0
	−1.88
	0.62
	Yes



	525.4
	1
	524.05
	1
	12
	0
	1.35
	1.11
	Yes



	539.8
	?
	538.01
	2
	23
	0
	1.79
	1.24
	Yes





      

      
Notes. Periods are in seconds and rates of period change (theoretical) are in units of 10−13 s/s. [image: equation] represents the period differences, ℓ the harmonic degree, k the radial order, m the azimuthal index. The last column gives information about the pulsational stability/instability nature of the modes.



    

  
    
      Fig. 23. 

      
        [image: thumbnail]
      

      
        Upper panel: Dipole (ℓ = 1) average of the computed period spacings, [image: equation], assessed in a range of periods that includes the periods observed in EC 04207, shown as curves of different colors according to the different stellar masses. We consider the effective temperature Teff = 27 288 ± 545 K (Voss et al. 2007). Lower panel: Same as in upper panel, but for quadrupole (ℓ = 2) modes. The red circles correspond to different possible period spacings as predicted by the statistical tests (see Fig. 22).

      

    

  
    
      Fig. 24. 

      
        [image: thumbnail]
      

      
        Inverse of the quality function of the period fit with ℓ = 2 in terms of the effective temperature, shown with different colors for the different stellar masses, corresponding to the four periods of EC 04207 in Table 15. The vertical black dashed line corresponds to the spectroscopic Teff of EC 04207 and the vertical dotted lines its uncertainties (Teff = 27 288 ± 545 K; Voss et al. 2007). A prominent maxima corresponds to the best-fit model selected for EC 04207, with M⋆ = 0.542 M⊙ and Teff = 27 614 K.

      

    

  
    
      Fig. 25. 

      
        [image: thumbnail]
      

      
        Chemical profiles (upper panel) and the squared Brunt-Väïsälä and Lamb frequencies for ℓ = 1 and ℓ = 2 (lower panel) corresponding to our asteroseismological DB WD model of EC 04207 with a stellar mass M⋆ = 0.542 M⊙ and an effective temperature Teff = 27 614 K.

      

    

  
    
      Fig. 27. 

      
        [image: thumbnail]
      

      
        Inverse of the quality function of the period fit in terms of the effective temperature, shown with different colors for the different stellar masses, corresponding to three of the five periods of L 7−44 in Table 8. The vertical black dashed line corresponds to the spectroscopic Teff of L 7−44 and the vertical dotted lines its uncertainties (Teff = 23 980 ± 1686 K; Rolland et al. 2018).
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