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• A bi-site observation campaign were made for ZZ Ceti star WD 0246 + 326 during in 2014. 
• Frequencies were detected and identified as l = 1 and l = 2 modes. 
• Pulsation properties indicates that WD 0246 + 326 may be a massive ZZ Ceti star. 
• Theoretical models were constructed to constrain the stellar parameters. 
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a b s t r a c t 

The internal structures of pulsating white dwarfs can be explored only with asteroseismology. Time se- 

ries photometric observations were made for the pulsating DA white dwarf (ZZ Ceti star) WD 0246 + 326 

during 9 nights in 2014 with a bi-site observation campaign. Eleven frequencies were detected in- 

cluding 1 triplet, 2 doublets, and 4 single modes, which are identified as either l = 1 or l = 2 modes 

with the complementarity of frequencies present in the literature. From the multiplets, the rotation pe- 

riod of WD 0246 + 326 is derived as 3.78 ± 0.11 days. The average period spacing of the l = 1 modes 

�P = 29 . 3 ± 0 . 2 s, implies that WD 0246 + 326 may be a massive ZZ Ceti star concerning the �P − M ∗ re- 

lationship for the DAVs. Preliminary analysis derives the stellar parameters of M ∗ = 0 . 98 ± 0 . 01 M � and 

T eff = 11700 ± 100 K by fitting the theoretical frequencies of the eigen modes to the observed ones. 

© 2017 Elsevier B.V. All rights reserved. 
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1. Introduction 

As final remains of stellar evolutions of the majority of stars

in the Galaxy, white dwarfs offer opportunities of investigations

with significant constraints on ages of both the Galactic Disk and

the globular clusters ( Winget et al., 1987; Winget and Kepler,

2008 ). They are also nature laboratories for testing physics under

extreme conditions. Landolt (1968) discovered the first pulsating

white dwarf HL Tau 76. As asteroseismology is a unique and pow-

erful method known to explore the internal structures of stars, the

pulsating white dwarfs have been hot targets of asteroseismology

particularly due to their relatively simple internal structures com-

pared to the stars at the other phases of evolution. Pulsating DA

white dwarfs, also called ZZ Ceti stars, have the lowest tempera-

tures among all four kinds of pulsating white dwarfs ( Saio, 2013 ).

The instability strip of ZZ Ceti stars locates at the intersection

of the Cepheid instability strip and the evolution track of white
� Based on data obtained at the Xinglong Station of National Astronomical Obser- 

vatories of China and San Pédro Martír Observatory of Mexico. 
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warfs. The purity of the instability strip makes ZZ Ceti stars excel-

ent samples to investigate the internal structures of all DA white

warfs. However, although they compose the biggest group of pul-

ating white dwarfs with the largest number of confirmed mem-

ers by far, the properties of low luminosities, low amplitudes and

igh frequencies enhance the difficulties of making observational

nvestigations on these stars. 

Statistical studies show that ZZ Ceti stars with low effective

emperatures locate close to the red edge of the instability strip

ith long periods, high amplitudes and large amplitude modu-

ations, while the ones with high effective temperatures exhibit

he opposite properties. Short time scale variations of pulsating

arameters (mainly the amplitudes) are reported for multiple ZZ

eti stars through time series observations (c.f. Bognár et al., 2009;

rovencal et al., 2012; Fu et al., 2013 ). 

The variability of the ZZ Ceti star WD 0246 + 326

KUV 02464 + 3239) was discovered by Fontaine et al. (2001) ,

ho reported only one pulsating mode with a period of 832 s

rom the Fourier transform due to the short duration of data ( ∼
 h of observations). Two sets of stellar parameters were given

y Bergeron et al. (1995) and Gianninas et al. (2011) respectively,

http://dx.doi.org/10.1016/j.newast.2017.03.003
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Table 1 

Journal of observations in V for WD 0246 + 326 in October of 2014. XL 

= Xinglong station of National Astronomical Observatories of China. 

SPM = San Pédro Martír Observatory of Mexico. 

Observatory/Telescope Date Frame number Length (hour) 

24 280 6.4 

25 468 9.5 

XL/ 26 397 9.2 

2.16 m 27 436 9.9 

28 83 1.2 

28 236 3.1 

SPM/ 29 231 3.0 

1.5 m 30 230 2.9 

31 210 2.7 
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Table 2 

Frequency solution resolved from the light curves. 

Note that f is the frequency in μHz, A the amplitude 

in mma, S/N the signal-to noise ratio. ID is the name 

of the frequency. 

ID f ± 3 σ ( μHz) A ± 3 σ (mma) S/N 

a7 1049.27 ± 0.22 5.1 ± 1.2 5.9 

a1 1122.67 ± 0.07 20.6 ± 1.3 24.2 

a3 1131.46 ± 0.20 5.8 ± 1.6 6.8 

a2 1174.21 ± 0.22 7.6 ± 1.4 9.0 

a10 1179.43 ± 0.27 4.8 ± 1.4 5.7 

a11 1181.93 ± 0.32 4.3 ± 1.4 5.1 

a5 1211.75 ± 0.27 5.0 ± 1.3 6.0 

a9 1213.53 ± 0.54 3.5 ± 1.4 4.2 

a6 1259.24 ± 0.16 6.5 ± 1.3 7.8 

a8 1304.32 ± 0.24 5.0 ± 1.3 6.1 

a4 1616.03 ± 0.19 6.6 ± 1.1 8.1 

Table 3 

Frequency list of WD 0246 + 326. f is the frequency in 

μHz, δf the difference between the adjacent frequencies. 

P the corresponding period in second and �P the period 

differences. Note that the frequencies in “b” are taken 

from Bognár et al. No. is the Number of frequency group, 

ID the name of the frequency. 2009 . 

No. ID f ( μHz ) δf ( μHz) P (s) �P ( s ) 

b1 799.84 1250.3 

206.97 257.0 

G1 b2 1006.80 993.2 

42.47 40.2 

a7 1049.27 953.0 

73.40 62.3 

a1 1122.67 890.7 

G2 8.80 6.9 

a3 1131.46 883.8 

23.07 17.7 

G3 b3 1154.53 866.2 

19.68 14.5 

a2 1174.21 851.6 

5.22 3.8 

G4 a10 1179.43 847.9 

2.50 1.8 

a11 1181.93 846.2 

24.80 17.4 

G5 b4 1206.73 828.7 

5.02 3.43 

a5 1211.75 825.3 

G6 1.78 1.2 

a9 1213.53 824.0 

45.72 29.9 

a6 1259.24 794.1 

26.75 16.5 

G7 b5 1285.99 777.6 

18.33 10.9 

a8 1304.32 766.7 

310.45 147.4 

b6 1614.77 619.3 

G8 1.27 0.5 

a4 1616.03 618.8 
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ncluding the effective temperatures T eff and the surface gravities

og g. 

Bognár et al. (2009) carried out photometric observations from

onkoly Observatory with a 1 m telescope in 2006 and 2007. Light

urves of WD 0246 + 326 during ∼ 97 h were obtained and six

odes were reported. 

We made bi-site time-series photometric observations for

D 0246 + 326 in 2014. The descriptions of the observations and

ata reduction is introduced in Section 2 . Section 3 presents the

rocess of frequency analysis. In Section 4 we focus on asteroseis-

ological analysis. Our modeling attempt and related results are

rovided in Section 5 . Finally, we make discussion and give con-

lusions in Section 6 . 

. Observations and data reduction 

A bi-site observation campaign was carried out in October of

014. Table 1 lists the journal of observations. The 2.16 m telescope

t Xinglong (XL) Station of National Astronomical Observatory of

hina and the 1.5 m reflector of San Pédro Martír Observatory

SPM) of Mexico were used during the campaign. The instrument

FOSC mounted to the 2.16 m telescope of XL was taken as the de-

ector through the Johnson V filter. The data at SPM were acquired

ith the instrument RATIR (Reionization and Transients Infrared

amera, Butler et al., 2012 ), which consists of two optical and two

nfrared channels, simultaneous imaging in six colors, two optical

nd four near-infrared ( http://ratir.astroscu.unam.mx/public/ ). Only

he two optical cameras were used in this campaign. The frames

ere obtained simultaneously through the Bessel V and I filters

only frames observed though V filter were employed in further

tudy). The number of images and data lengths during each ob-

ervation night are listed in the 3rd and 4th columns of Table 1 ,

espectively. The package of IRAF DAOPHOT was used to reduce

he data according to the standard data reduction procedure. Light

urves of WD 0246 + 326 are obtained and shown in Fig. 1 . 

. Frequency analysis 

.1. Frequencies extracted from light curves 

We used the software Period04 ( Lenz and Breger, 2005 ) to

nalyze the light curves. Eleven frequencies with signal-to-noise

atios larger than 4.0 ( Breger et al., 1993; Kuschnig et al., 1997 )

ere extracted with the pre-whitening procedure and are listed

n Table 2 . No linear combination or aliasing frequency were de-

ected. Fig. 2 shows the Fourier transforms of the light curves of

D 0246 + 326 and the residuals after 11 frequencies are extracted.

e used the method of Monte–Carlo simulation to estimate the

ncertainties of the frequencies and amplitudes. For more details

bout the Monte–Carlo simulation, we refer to Fu et al. (2013) . 
.2. Frequency analysis and mode identification 

Table 3 lists the 11 frequencies in Table 2 and the 6 frequen-

ies reported in Bognár et al. (2009) . The frequency separations

etween the adjacent frequencies, the corresponding periods, and

he period separations are also given in Table 3 . The frequencies

re separated into different groups for the convenience of discus-

ion. 

1. G6 and G8 Looking at Table 3 , one finds, it can be seen from

column 3 that there exist two groups of very closely-spaced fre-

quencies, G6 and G8, with frequency separations of 1.78 μ Hz

and 1.26 μ Hz, respectively. In addition, G2 and G4 have fre-

http://ratir.astroscu.unam.mx/public/
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Fig. 1. Light curves of WD 0246 + 326 in V in 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

quency separations equal to or smaller than 8.8 μ Hz. The rea-

son that we do not include b4 into G6 is given in (iv). 

2. G4 The frequency spacings in G4 are 5.2 μ Hz and 2.5 μ Hz, re-

spectively, with the spacing ratio of ∼ 2:1. From the spherical

symmetry, we suppose that they could be frequencies of the

same mode of l = 2 with m values of either + 2, + 0, −1 or + 1,

−1, −2. 

3. G4 and G8 According to the equation 

σk,l,m 

= σk,l + m × (1 − C k,l )�

Where C k,l = 1 /l(l + 1) in the asymptotic regime

( Brickhill, 1975 ), the rotation splits of the l = 2 modes are

∼ 1.67 times of the ones of the l = 1 modes. Since we identi-

fied G4 as l = 2 , the average frequency split of the l = 2 modes

is derived as 2.5 μ Hz. Thus, the frequency split of l = 1 modes

should be ∼ 1.5 μ Hz. Since the frequency separation of G2 is

as large as 8.8 μ Hz, we interpret them as rotation splits of a

l = 2 mode rather than a l = 1 mode. 
4. G5 The frequency splits of G6 (1.78 μ Hz ) and G8 (1.26 μ Hz ) are

close to the estimated frequency split of the l = 1 modes. We

thus identify them as l = 1 modes. Since the frequency sepa-

ration of b4-a5 of 5.02 μ Hz is much larger than the average

frequency split of l = 1 modes, we do not identify b4 as a fre-

quency split of G6. 

5. Period spacing of l = 1 modes From the asymptotic theory

( Unno et al., 1979; Tassoul, 1980 ), periods of a pulsation mode

can be estimated as 

P l,k � 

2 π2 k √ 

l(l + 1) 

(∫ R 

0 

N 

r 
dr 

)−1 

Where N is the Brunt–Väisälä frequency, R the stellar radius.

The integral part of the right side of the equation is fixed in

one ZZ Ceti star. This equation suggests a uniform period spac-

ing for the modes with the same l value and consecutive k val-

ues. We notice that the period spacings of a6-a9 as well as a6-

a8 are 29.9 s and 27.4 s, respectively, which could be an evi-

dence showing that a8 and a6 are also l = 1 modes. A linear
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Fig. 2. Fourier transforms of the light curves of WD 0246 + 326. The upper panel 

shows the amplitude spectrum of the light curves with the spectral window shown 

as the insert. The lower panel shows the amplitude spectrum of the residuals with 

the 11 frequencies extracted through the prewhitening process. 

Fig. 3. Linear fitting of the four identified l = 1 modes. 
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Table 4 

Mode identifications and further signals. f is the frequency in μHz, 

δf the frequency separation between the consecutive frequencies in 

μHz, and P the period in second. The frequencies with IDs given in 

“b” are from Table 4 of Bognár et al. (2009) . 

ID f ( μHz) δf P ( s ) �P ( s ) δk δm 

l = 1 

a5 1211.75 825.3 

1.78 

a9 1213.53 824.0 + 7 

29.9 

a6 1259.24 794.1 + 6 

27.4 

a8 1304.32 766.7 + 5 

147.4 

b6 1614.77 619.3 0 

1.27 

a4 1616.03 618.8 

l = 2 

a1 1122.67 890.7 + 2? 

8.80 + 2 

a3 1131.46 883.8 −2 or −1 

32.2 

a2 1174.21 851.6 + 2 or + 1 

5.22 

a10 1179.43 847.9 0 0 or −1 

2.50 

a11 1181.93 846.1 −1 or −2 

Further signals 

b1 799.84 1250.3 

b2 1006.80 993.2 

a7 1049.27 953.0 

b3 1154.53 866.2 

b4 1206.73 828.7 

b5 1285.99 777.6 
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fit is made to a9, a6, a8 and b6 with the k values of + 7, + 6,

+ 5 and 0, respectively concerning the period spacing values be-

tween the frequencies. Fig. 3 shows the linear fitting. 

6. Period spacing of l = 2 modes As deduced from the asymptotic

theory, the average period spacing of the l = 1 modes is ∼ √ 

3

times as large as that of the l = 2 modes. The average period

spacing 29.3 ± 0.2 s of l = 1 modes is calculated with the four

corresponding modes. Hence the average period spacing of the

l = 2 modes should be ∼ 16.9 s. We find that the period spacing

between the deduced m = 0 modes of the two multiplets a1-a3

and a2-a10-a11 is 39.3 s, not far from twice the average period

spacing of the l = 2 modes. 

7. The rest frequencies The l values of the rest other observed

frequencies can not be identified directly. We list these frequen-

cies as further signals. 

e summarize the mode identification result in Table 4 . 

. Asteroseismology 

.1. Frequency splitting and rotational period 

From the two doublets which are identified as l = 1 modes in

able 4 , the average frequency splitting due to rotation is 1.52 ±
.13 μ Hz. With the two sets of l = 2 modes identified, we notice
hat the frequency separation of a10-a11 is approximately the half

f that of a2-a10, suggesting the m values of a2, a10, a11 as either

 2, 0, −1 or + 1, −1, −2, respectively. The average frequency split-

ing due to rotation for the l = 2 modes are hence derived as 2.51

0.01 μ Hz. We do not use G2 to estimate the frequency splitting

f the l = 2 modes, since the m values of a1 and a3 can not be

ssigned reliably. 

With the average rotation splitting of the l = 1 modes of 1.52

0.13 μ Hz and that of the l = 2 modes of 2.51 ± 0.01 μ Hz, we

alculate the rotation period of WD 0246 + 326 as 3.78 ± 0.11 days.

.2. Average period spacing 

As shown in Fig. 3 , the four identified l = 1 modes are used

o make a linear fitting, leading to an average period spacing of

9.3 ± 0.2 s. It is known that the period spacing of pulsating white

warfs depends sensitively on the total mass of the stars, as shown

n Fig. 2 of Kawaler and Bradley (1994) for pulsating PG1159 stars

ith models of different masses. Brassard et al. (1992) also noted

his dependence in their Figure 38 for ZZ Ceti stars from a model-

ng work. 

Table 5 lists the average period spacings of the l = 1 , �P l=1 

odes determined from observations and the stellar mass, M 

∗ de-

uced from the constraints of the theoretical models for 10 ZZ Ceti

tars ( Kanaan et al., 2005; Li et al., 2015; Fu et al., 2013; Su et al.,

014b; 2014a; Pakštien ̇e, 2013; Pakštien ̇e et al., 2014; Córsico et al.,

012; Pech et al., 2006; Guifang et al., 2015; Bognár et al., 2016 ).

ig. 4 plots the �P l=1 versus M 

∗ . A trend of increasing mass with

ecreasing average period spacing can be seen from Fig. 4 . With an

verage period spacing of the l = 1 modes of 29.3 s, WD 0246 + 326

ould be a massive ZZ Ceti star, with the mass larger than 0.75 so-

ar mass. 
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Table 5 

Summary of average period spacings of the l = 1 modes 

determined from observations and the stellar mass de- 

duced theoretical models for 10 ZZ Ceti stars. 

ID Steller Mass( M �) �P l=1 (s ) 

GD1212 0.775 37 

KUV 08368 + 4026 0.692 49.2 

HS 0507 + 0434B 0.675 49.63 

PG 2303 + 243 0.66 52.0 

G117-B15A 0.593 55.8 

HL Tau 76 0.575 49.8 

BPM37093 1.1 29.4 

G207-9 0.725 41.7 

LP 133-144 0.865 37 

KUV 11370 + 4222 0.625 58.6 
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Fig. 4. Stellar mass versus average period spacing of l = 1 modes for 10 well- 

studied ZZ Ceti stars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6 

Parameters of the coarse grid of models. Note that M H is the ratio of 

the hydrogen layer mass to the stellar mass M 

∗ , and M He the ratio 

of the helium layer mass to M 

∗ . 

Coarse grid Fine grid 

Range Step Range Step 

Mass( M �) 0 . 75 − 1 . 20 0.02 0 . 9 − 1 . 02 0.01 

T eff( K ) 110 0 0 − 140 0 0 200 11400 − 12200 100 

log M H −4 . 0 − −8 . 0 0.5 −4 . 5 − −7 . 0 0.1 

log M He −2 −2 

Table 7 

The best fit model for 

WD 0246 + 326. The sym- 

bols are the same as in 

Table 6 . 

T eff( K ) 11700 ± 100 

log g 8.66 ± 0.02 

M ( M �) 0.98 ± 0.01 

log M H −5 . 1 ± 0 . 1 

log M He −2 
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5. Constraints from theoretical models 

5.1. Modeling tool 

We calculated theoretical evolutionary models of white dwarf

stars with the WDEC codes (originally developed by Schwarzschild

and Härm 1965 , see Su et al., 2014b for the information of the lat-

est update). Construction of the grid of models is made with the

input of four parameters: the stellar mass, the effective tempera-

ture, the Hydrogen mass fraction and the Helium mass fraction. 

5.2. Stellar parameters 

Bergeron et al. (1995) provided for WD 0246 + 326 the effec-

tive temperature T eff of 11290 ± 200 K and the surface gravity

log g of 8.08 ± 0.05. Gianninas et al. (2011) presented with spec-

troscopic observations T eff = 11940 ± 180 K and log g = 8 . 21 ± 0 . 05 .

These two sets of parameter are very different to each other and

place WD 0246 + 326 on either the red or the blue edge of the in-

stability strip of ZZ Ceti stars on the H-R diagram. As indicated in

Section 4.2 , the value of the average period spacing of the l = 1

modes determined in present paper suggests that the stellar mass

of WD 0246 + 326 should be larger than 0.75 solar mass. We hence

build a coarse grid of models with a wide parameter range and rel-

atively large steps, as listed in Table 6 . The Helium mass fraction

is fixed as 10 −2 in the grid calculation because the models are not

sensitive to this parameter ( Brassard et al., 1992 ). 
.3. Frequency matching 

Firstly, periods of the four l = 1 modes, two l = 2 modes and

ther six signals with undetermined l (listed in Table 4 ) are used

o match periods of the eigen modes of the theoretical models on

he coarse grid. The χ2 tests are used to select the best fit models

s follows, 

2 = 

∑ 

n 

(P the 
n − P obs 

n ) 2 

here P the denotes the periods of the eigen modes of the theoret-

cal models and P obs the observationally determined periods. 

One minimum of χ2 was found on the coarse grid, which cor-

esponds to the model of stellar parameters: M = 0 . 95 M � and

 eff = 11700 K. In order to put a better constraint on the model

arameters, we build a finer model grid with a narrower range of

arameters and smaller steps, as listed in Table 6 . 

Since we can not determined the m values for the frequen-

ies listed in Table 4 , we calculate fore each theoretical mode the

requencies of the multiplets due to rotation splitting derived in

ection 4.1 . Then we search the whole set of frequency for the

est fitted ones with the observationally detected frequencies. Fre-

uencies of all identified l = 1 modes are compared with theoreti-

al ones of the l = 1 modes and their rotation splits, and the same

or the l = 2 modes. The further signals listed in Table 4 are com-

ared with all l = 1 and l = 2 modes and their rotation splits. With

he minimum χ2 , one best fit model was found in the procedure.

e summarize its stellar parameters in Table 7 . Fig. 5 displays the

istribution of χ2 test. The three slices are plotted with the hydro-

en fraction, the effective temperature and the stellar mass fixed,

espectively. 

The best fit model provides a set of l, k and m values corre-

ponding to the observationally determined frequencies. Table 8

ists the observed periods and the calculated periods from the best

t model together with the mode identifications. 

. Conclusions 

Time series photometric observations were made for

D 0246 + 326 for eight night during a bi-site observation

ampaign in October 2014. Analysis of the obtained data leads to

1 frequencies. Combined with the results of Bognár et al. (2009) ,

7 frequencies, including one triplet, three doublets, and eight

ingle frequencies, are identified as either l = 1 and l = 2 modes
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Fig. 5. χ2 test for the fine grid of model. The grey scales on the right side of each panel represent the inversed χ 2 values. (a) Stellar mass versus effective temperature with 

a fixed hydrogen mass fraction of 10 −5 . 1 , (b) Stellar mass versus hydrogen mass fraction with a fixed effective tem perature of 11700 K, (c) hydrogen mass fraction versus 

effective tem perature with a fixed stellar mass of 0.98 solar mass. 

Table 8 

Mode identifications for WD 0246 + 326. 

P o is the observed period in seconds, P c 
the theoretically calculated period of the 

best fit models as listed in Table 7 . 

P o ( s ) P c ( s ) ( l, k, m ) 

l = 1 

a4 618.8 619.5 (1,19, −1) 

b6 619.3 620.1 (1,19,0) 

a8 766.7 766.8 (1,24,0) 

a6 794.1 793.5 (1,25, + 1) 

a9 824.0 824.5 (1,26,0) 

a5 825.3 825.5 (1,26,1) 

l = 2 

a11 846.9 846.6 (2,47, −2) 

a10 847.9 848.4 (2,47, −1) 

a2 851.6 852.0 (2,47, + 1) 

a3 883.6 884.2 (2,49, −1) 

a1 890.7 890.2 (2,49, + 2) 

Further signal 

b1 1250.3 1248.5 (2,68,0) 

b2 993.2 993.2 (1,32, −1) 

a7 953.0 954.6 (2,53, −2) 

b3 866.2 865.8 (2,48, −1) 

b4 828.7 828.2 (2,46, −2) 

b5 777.6 777.8 (2,43,0) 
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r further signals. The rotation split of the l = 1 modes is derived

s 1.52 ± 0.05 μ Hz, hence the rotation period is deduced to be

.78 ± 0.11 days. With the four identified l = 1 modes, the average

eriod spacing of the l = 1 modes is determined as 29.3 s, which

mplies that WD 0246 + 326 could be a massive ZZ Ceti star. Theo-

etical modeling for this star is then performed. The theoretically

alculated frequencies are compared with the observed ones with

he χ2 test. The stellar parameters of the best fit model are

 = 0 . 98 ± 0 . 01 M �, T eff = 11700 ± 100 K and the hydrogen mass

raction logM H /M = −5 . 1 ± 0 . 1 . The modes of observed frequencies

re hence identified. 

Although the number of ZZ Ceti stars is the largest in the four

nown types of pulsating white dwarfs, the samples with stellar

arameters determined precisely through asteroseismology are still

ery limited (less than a dozen). Our result in determining stel-
ar parameters of WD 0246 + 326 through asteroseismology shows

hat WD 0246 + 326 is a massive ZZ Ceti star. With the mass of

D 0246 + 326 0.98 ± 0.01 M � would be a newly-discovered ultra-

assive ZZ Ceti star ever known after BPM37093 with M ≈ 1.1 M �,

hich could experience core crystallization. The debate about the

raction of the crystallized core of BPM37093 depending on the

ore chemical composition is still open ( Kanaan et al., 2005; Bras-

ard et al., 1992 ). We also notice that the mass of the DAV GD518

s derived as 1.20 ± 0.03 M � based upon spectroscopic observa-

ions ( Hermes et al., 2013 ). However, this mass value is not yet

onfirmed by means of asteroseismology with existing photometric

ata. Determination of the stellar mass of WD 0246 + 326 from this

ork with M 

∗ ≈ 0.98 ± 0.01 M � provides a new target for study

f potential core crystallization of white dwarf stars. Hence, high

uality spectroscopic observations and more multi-site photomet-

ic campaigns are needed for further study of WD 0246 + 326 as an

nteresting ZZ Ceti star. 
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