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Abstract

With 78.7 days of observations by Kepler space
telescope, Hermes et al. (2017) made a de-
tailed mode identification on a hot DBV star PG
0112+104. In total, 11 likely m = 0 components
with 5 triplets and 3 quintuplets were identified.
Those modes can be used to constrain fitting mod-
els. A grid of main sequence stars are evolved to
be white dwarfs by MESA. Being results of thermal
nuclear burning, the core compositions are taken
out and added into WDEC to evolve grids of DBV
stars. The element diffusion effect adopting pure
Coulomb potential and screened Coulomb poten-
tial are added into WDEC. Two grids of DBV star
models are evolved with the two Coulomb poten-
tial scenarios. The eigenfrequencies are calculated
and used to fit the 11 observed modes. Two pre-
ferred models with pure and screened Coulomb po-
tential scenarios are selected. They are consistent
with previous spectral and asteroseismological re-
sults. The root-mean-square residual is improved
by 27%. The differences for the two scenarios are
obvious at the C/O-He interface area. Long-period
modes are sensitive to this area, but most of the ob-
served modes are short-period modes. DBV stars
with lots of long-period modes should be found in
future work to study the effect.

1 Observations and Mode Identi-
fications on PG 0112+104

White dwarfs are the last observable stage for the evo-
lution of most of low and medium mass stars. Along
the path of white dwarf evolution in the Hertzsprung-
Russel diagram, there are DOV, DBV, and DAV instabil-
ity strips. This opens a window for studying the pul-
sating white dwarfs using asteroseismology. The DBV
instability strip is basically from 29000K to 22000K.
Recently, some extremely hot DBV stars, such as KIC

Table 1: Periods of likely m = 0 components for PG
0122+104 by Hermes et al. (2017).

ID Per. l
(s)

f11 159.29938 1
f1 197.20771 1
f4 245.72301 1
f3 275.55884 1
f7 319.51790 1
f5 150.7506 2
f2 168.3185 2
f6 194.8591 2
f10 216.447 2 or 1
f8 356.98212 1 or 2
f9 497.1768/503.062 1/2

8626021 (Bischoff-Kim et al.2014) and PG 0112+104
(Hermes et al. 2017), are observed by Kepler space
telescope. For recent studies on PG 0112+104, Du-
four et al. (2010) derived Teff = 31300±500K, log g
= 7.8±0.1, and Bergeron et al. (2011) obtained Teff

= 31040±1058K, log g = 7.83±0.06.
With 78.7 days of observations on PG 0112+104

during Campaign 8 of the K2 mission, Hermes et al.
(2017) made a detailed mode identification on PG
0112+104. Two complete triplets and three incom-
plete triplets were identified. The frequency splitting
value is from 14.5-17.7 µHz. Those five modes were
identified as l = 1 modes. Three incomplete quintu-
plets were identified. The frequency splitting value is
from 23.2-23.8 µHz. Those three modes were identi-
fied as l = 2 modes. They also observed three single
modes and identified them as l = 1 or 2 modes. The
11 likely m = 0 components are showed in Table 1.

The frequency splitting values above correspond to a
rotation period around 10h. The mode identifications
with rotational frequency splitting are reliable. Those
modes can be used to constrain fitting models with
different evolving physical processes.



2 Application of Screened Coulomb Potential on PG 0112+104

Table 2: Main sequence progenitors, corresponding white
dwarf core masses in MESA, and corresponding approximate
white dwarf mass range in WDEC (Chen 2018).

MS(MESA) WD core(MESA) WD (WDEC)
(M�) (M�) (M�)
2.0 0.475 0.460-0.485
2.5 0.500 0.490-0.510
2.8 0.525 0.515-0.535
3.0 0.550 0.540-0.560
3.2 0.575 0.565-0.585
3.4 0.600 0.590-0.600

2 Model Calculations with Pure
and Screened Coulomb Poten-
tials

In this section, we introduce the model calculations
with pure and screened Coulomb potential. Paxton et
al. (2011) reported on an open source of stellar evolu-
tion code, MESA, which can evolve a main sequence star
into a white dwarf. The core compositions are results
of thermal nuclear burning. A group of main sequence
stars are evolved to be white dwarfs by the module
’make_co_wd’, as shown in Table 2.

WDEC is a white dwarf evolution code (Wood 1990),
which calculates the white dwarf cooling process. The
evolved white dwarfs have artificially constructed C/O
core compositions and diffusive equilibrium C/O-He,
He/H profiles. It is convenient for WDEC to evolve grids
of white dwarf models to do asteroseismological stud-
ies. It is a good method to add the core compositions of
white dwarfs evolved by MESA into WDEC to evolve grids
of white dwarf models. Su et al. (2014) incorporated
the element diffusion scheme of Thoul et al. (1994)
into WDEC to treat element diffusion. The Coulomb
logarithm (Eq. 9) in Thoul et al. (1994) is for a pure
Coulomb potential with a cutoff at the Debye radius.
The white dwarf models evolved in the method are
treated taking a pure Coulomb potential into account.
White dwarfs are compact objects. The element dif-

fusion scheme of Thoul et al. (1994) is used to study
solar interiors, which may not be applicable to white
dwarfs. Paquette et al. (1986) presented a screened
Coulomb potential to study the characteristics of dense
plasma in white dwarf envelopes. A Debye-like poten-
tial with the following prescription is used:

Vst(x) =
ZsZte

2

r
e−(r/λ). (1)

The parameter λ is adopted as the greater one between
the Debye length λD and the mean ionic distance a0.
a0 = [3/4πni]

1/3 and ni is the ionic number density.
The Burgers equations for momentum and energy con-
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We define an independent variable φ =ln[ln(1 + γ2
st)],

where γst = 4kTλ
ZsZte2

. Then, Eq. (9) in Thoul et al.
(1994) is replaced by

lnΛst =0.5 ln(1 + γ2
st)(0.36718− 1.6996× 10−2φ

+ 5.7908× 10−2φ2 + 2.4384× 10−3φ3).

(4)

Eqs. (1,2,22-25) in Muchmore (1984) are used to re-
place Eqs. (9,12,13) in Thoul et al. (1994). The white
dwarf models evolved in the method are treated taking
screened Coulomb potential into account. For more
details, please see Chen (2018).

Two grids of DBV star models are evolved taking ele-
ment diffusion effect with pure and screened Coulomb
potential into account. Dufour et al. (2010) derived
the stellar mass of M∗ = 0.52 ± 0.05M�. The total
stellar mass grid ranges from 0.460M� to 0.600M�
with a step of 0.005M�. The stellar mass evolved in
WDEC is approximately matched with the correspond-
ing white dwarf core mass of white dwarfs evolved in
MESA, as shown in Table 2. The value Teff ranges from
28000K to 34000K with a step of 200K. The hydrogen
abundance is set as 0.0. The logarithm of helium mass
fraction log(MHe/M∗) ranges from -7.0 to -4.0 with a
step of 0.5. Two grids of DBV star models are evolved.
Then, we numerically solve the full equations of linear
and adiabatic oscillation based on the pulsation code
of Li (1992a,b). The eigenfrequencies are scanned out
to fit the observed modes in Table 1. The fitting results
can be used to study the effect of screened Coulomb
potential in hot DBV stars.
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Figure 1: The color residual diagram for fitting PG
0112+104 with DBV star models adopting a screened
Coulomb potential.
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Figure 2: The color residual diagram for fitting PG
0112+104 with DBV star models adopting pure Coulomb
potential.

3 Asteroseismological Study on
PG 0112+104

The identified 11 likely m = 0 components in Table 1
are used to constrain the two grids of fitting models.
The fitting results are measured by a root-mean-square
residual σRMS ,

σRMS =

√
1

n

∑
n

(Pobs − Pmod)2. (5)

In Eq. (5), n is the number of observed modes, which
is 11 for PG 0112+104 in the paper.
In Fig. 1 (Chen 2018), we show the color residual

diagram for fitting results with DBV star models adopt-
ing screened Coulomb potential. The preferred value
of log(MHe/M∗) is -6.0. The colors indicate the fit-
ting residuals (the values of σRMS). For the preferred
model, σRMS = 1.805 s,M∗ = 0.545M�, and Teff =
30200K.
In Fig. 2 (Chen 2018), we show the color residual

diagram for fitting results with DBV star models adopt-
ing pure Coulomb potential. The preferred value of

log(MHe/M∗) is -6.0. For the preferred model, σRMS

= 1.885 s,M∗ = 0.550M�, and Teff = 30000K. Com-
paring to the preferred model adopting a screened
Coulomb potential, the value of σRMS is slightly larger,
the total stellar mass increased by 0.005M�, and the
effective temperature decreased by 200K.

Basically, the two figures are very similar. The best-
fit parameters, including the values of σRMS , for both
models are similar.

In Table 3, we summarize the asteroseismological
and spectroscopic fits to PG 0112+104. The ID number
D, B, H, and C means results of Dufour et al. (2010),
Bergeron et al. (2011), Hermes et al. (2017), and
Chen (2018) respectively. The effective temperature
from asteroseismology is consistent with the spectral
results of Bergeron et al. (2011) and slightly lower
than that of Dufour et al. (2010). The total stellar
mass values in Table 3 are very close. The value of
σRMS is improved by 27% by Chen (2018) adopting a
screened Coulomb potential.

4 Discussions

We tried to fit PG 0112+104with models taking the ele-
ment diffusion effect with pure and screened Coulomb
potentials into account. The fitting results are used to
measure the applications of a screened Coulomb poten-
tial to DBV stars, but Figures 1 and 2 look very similar.
Is there no difference between the evolution models
with a pure versus screened Coulomb potential? In
Fig. 3 (Chen 2018), we show the composition abun-
dances and corresponding Brunt-Väisälä frequency for
models of log(MHe/M∗) = −6.0,M∗ = 0.545M�, and
Teff = 30200K from the two evolution scenarios. The
model parameters are from the preferred model for the
screened Coulomb potential scenario. The red solid
line is the model for the screened Coulomb potential
scenario, while the green dashed line is the model for
the pure Coulomb potential scenario.

There are obvious differences at the C/O-He inter-
face area in Fig. 3, but the C/O-He interface area is
very thin. Only long-period modes with high radial
orders are sensitive to this interface area. Most of the
observed modes in Table 1 are short-period modes. The
observed short-period modes for PG 0112+104 are not
sensitive to the C/O-He interface area and can not dis-
tinguish the differences of models evolved in the two
scenarios.

In order to study this effect, DBV stars with lots of
long-period modes should be found in future work. The
asteroseismology work is a good probe to study the
laws of basic physics.
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Table 3: Table of preferred models for PG 0112+104. The ID number D, B, H, and C means results of Dufour et al. (2010),
Bergeron et al. (2011), Hermes et al. (2017), and Chen (2018) respectively.

ID Teff M∗ log g log(MHe/M∗) σRMS

(K) (M�) (s)
D 31300±500 0.52±0.05 7.8±0.1
B 31040±1060 7.83±0.06
H 30600 0.54 2.471
C(s) 30200 0.545 -6.0 1.805
C(p) 30000 0.550 -6.0 1.885
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Figure 3: The composition abundances and corresponding
Brunt-Väisälä frequency for two models of log(MHe/M∗) =
-6.0, Teff = 30200K, and M∗ = 0.545M�.

5 Conclusions

With 78.7 days of observation by the Kepler space
telescope, Hermes et al. (2017) made a detailed mode
identification on PG 0112+104. In total there are 11
likely m = 0 modes identified. The observed modes
can be used to constrain fitting models. Two grids of
DBV star models are evolved to fit PG 0112+104. One
grid of models adopts an element diffusion effect with
a pure Coulomb potential. The other grid of models
adopts an element diffusion effect with a screened
Coulomb potential.
The parameters of two prefer models are very similar.

They are also consistent with previous spectral and as-
teroseismological results. Fitting the observed data, the
root-mean-square residual is improved by 27%. Com-
paring to the preferred model with a pure Coulomb po-
tential, the preferred model with a screened Coulomb
potential reduced the root-mean-square residual by
4%.

The differences are obvious at the C/O-He interface
area on the element abundance diagram. Only long-

period modes are sensitive to this area. Most of the
observed modes for PG 0112+104 are short-period
modes. Therefore, the fitting results for the two sce-
narios look similar.
The asteroseismology work is a good probe to study

the laws of basic physics. DBV stars with lots of long-
period modes should be found in future work.
This work is supported by the National Natural Sci-

ence Foundation of China (Grant No. 11803004, and
11563001), and the Youth Talent Lifting Project of
Yunnan Association for Science & Technology.

References

Bergeron P., Wesemael F., Dufour P., et al., 2011, ApJ,
737, 28

Bischoff-Kim A., Østeinsen R. H., Hermes J. J., Proven-
cal J. L., 2014, ApJ, 794, 39

Chen Y. H., 2018, MNRAS, 475, 20
Dufour P., Desharnais S., Wesemael F., et al., 2010,
ApJ, 718, 647

Hermes J. J., Kawaler S. D., Bischoff-Kim A., et al.,
2017, ApJ, 835, 277

Li Y., 1992a, A&A, 257, 133
Li Y., 1992b, A&A, 257, 145
Muchmore D., 1984, ApJ, 278, 769
Paquette C., Pelletier C., Fontaine G., Michaud G.,
1986a, ApJS, 61, 177

Paxton B., Bildsten L., Dotter A., et al., 2011, ApJS,
192, 3

Su J., Li Y., Fu J. -N., Li, C., 2014, MNRAS, 437, 2566
Thoul A. A., Bahcall J. N., Loeb A., 1994, ApJ, 421, 828
Wood M. A., 1990, PhD Thesis, The University of Texas
at Austin


	Observations and Mode Identifications on PG 0112+104
	Model Calculations with Pure and Screened Coulomb Potentials
	Asteroseismological Study on PG 0112+104
	Discussions
	Conclusions

