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OBSERVATIONS AND PRELIMINARY RESULTS OF POTENTIALLY PULSATING WHITE DWARFS

Andrew D. Colson1 & Terry D. Oswalt
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ABSTRACT

In this paper we present the observations and analysis of the DQ white dwarfs G 24-9 and LP
101-16. Our objective was to search for pulsations via variations in their light curves and recurrent
frequencies in their discrete Fourier transform spectra.
Subject headings: stars: white dwarfs, stars: binaries: eclipsing

1. INTRODUCTION

White dwarfs are stars that have used all of their nu-
clear fuel and whose cores have become electron degen-
erate. They are essentially dead stars that lie below
the main sequence on the Hertzsprung-Russell (HR) dia-
gram. In several places along the cooling track for WDs it
is possible for pulsations to occur which manifest them-
selves as small amplitude variations in light. Variable
stars are categorized into two types: intrinsic due to
physical changes, or extrinsic due to stellar properties.
Pulsating variable stars change in magnitude due to ex-
pansion and contraction of their outer layers. Cepheid
variables, Mira variables, RR Lyrae stars, and RV Tauri
stars are all known to have radial pulsations (see Fontaine
& Brassard 2008), i.e. periodic changes radius while
maintaining a (mostly) spherical shape. White dwarf
stars are non-radial pulsators.

Pulsating WDs lie within several distinct instability
strips in the HR diagram. Most pulsations are driven by
H or He ionization zones within the envelope of the star
(DOV, DAV and DBV spectral classes. Recently, several
white dwarfs with carbon rich atmospheres (DQV) have
been shown to pulsate as well (Montgomery et al. 2008;
Dufour et al. 2008; Barlow et al. 2008). These all have
temperatures ranging from 18,000-24,000K (Córsico et
al. 2009). The discovery of pulsations in much cooler
(old) DQ stars would open a new means of testing models
of these type of WDs via the method of asteroseismology
(see Stobie et al. 1995).

2. OBSERVATIONS

All photometric observations of G 24-9 presented in
this paper were made on three separate nights using the
SARA 0.9-m telescope at the Kitt Peak National Obser-
vatory. Two nights of data were collected remotely from
Florida Institute of Technology on 2009 October 26 UT
and 2009 June 24 UT using a clear and Johnson B fil-
ter, respectively. On the other night observations were
obtained on site on 2009 June 19 UT using a Johnson B

filter. Regardless of the filter used, all images were ob-
tained using an Apogee U42 CCD camera with 60-second
integration times. LP 101-16 was observed on 2009 June
18 UT at KPNO using a B filter and a 50-second inte-
gration time.
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Fig. 1.— Light curve of G 24-9 observed on 2009 June 24 UT.
See text for explanation.

3. DATA REDUCTION

All images from each night were bias, dark, and flat
frame corrected using standard IRAF procedures. Next,
time series photometry was performed on the WD and its
companion stars using IRAF. The data extracted from
this procedure include the number of counts in the WD,
its companion stars, and the sky background.

3.1. G 24-9: Results and Analysis

We used SuperMongo to extract the star counts from
the reduction process to generate a light curve (See Fig-
ure 1).

The light curve displayed in Figure 1 from observations
on 2009 June 24 UT is the best data collected out of the
3 nights. Note that data were not collected between the
time interval of 280 and 300 minutes due to a crash in the
telescope control program. Although the counts in the
target star and comparison two star dropped off due to
clouds during various time intervals, the overall quality
of the night was not seriously affected. This is evident
from the low scatter (less than 0.002 percent) seen in the
normalized ratio of the target star to comparison star.
Small variations seen here may initially suggest that the
WD is varying or pulsating on some level.

All data points greater than 3σ away from the mean
were removed to eliminate any outliers and to minimize
spurious frequencies in the derived DFT spectra. After
the outliers were removed, all remaining points were nor-
malized to have a value of zero with respect to the mean
differential ratio of target (T) to comparison (C1) star.
The end result is the normalized light curve shown in
Figure 2.

The normalized light curve shows each point’s displace-
ment from the zero line, which represents the mean T/C1
ratio for the night. As time increases in Julian Date (JD),
small fluctuations of each point’s displacement from zero
are evident.
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Fig. 2.— Normalized light curve of G 24-9 observed on 2009 June
24 UT. See text for explanation.

Fig. 3.— DFT of G 24-9 observed on 2009 June 24 UT. See text
for explanation.

Fig. 4.— Frequency and errors of G 24-9 from all 3 nights ob-
served. See text for explanation.

The construction of a Discrete Fourier Transform
(DFT) spectrum helps reveal any significant frequencies
present in the data. We adopted a threshold of signifi-
cance of 4σ above the average amplitude, or noise level
which is in accord with that used by other variable star
observers to guard against false detections (see Breger et
al. 1993).

The largest peak frequency in the DFT spectrum of
G24-9 is at ∼6.0 cycles per day, but this can be ignored
because it is an artifact resulting from the total time ob-
served on this night. The largest significant amplitude
peak of 0.0043 corresponds to a frequency of 174.3 cy-

Fig. 5.— Normalized light curve of LP 101-16 observed on 2009
June 18 UT. See text for explanation.

cles per day, or 8.3 minutes. This is within the expected
time range for pulsations present in compact stars like
WDs. However, the average amplitude or noise level is
at 0.0016. Thus the suspected pulsation amplitude is
only 2.7σ above the noise, and hence it does not meet
our 4σ threshold for significance. The same procedure
was used for the two highest amplitudes and correspond-
ing frequencies to analyze each of the night’s data. See
Figure 4 for these results.

Figure 4 shows the frequencies of the two largest am-
plitudes in the DFT spectra of G24-9 are present on
all three nights it was observed. Although none of the
frequencies are identical, they are identical within each
other’s error bars. Identical frequencies from night-to-
night would be an indicator that G24-9 is pulsating, al-
beit at a very low level of significance. The close, but
not identical frequencies may be directly related to the
quality of data, reduction process, or just a coincidence.
In order to rule these out, more data must be collected
on contiguous nights, or with larger telescope apertures
to improve the signal-to-nose ratio.

3.2. LP 101-16: Results and Analysis

The previously outlined procedure was also used to
analyze the light curves obtained for the WD component
LP 101-16. Figure 5 displays the normalized light curve
of LP 101-16 observed on 18 June 2009 UT.

As can be seen in the fractional amplitude panel, there
is a large amount of scatter in the data, which may mask
any pulsations that are present. Throughout the night
some clouds were present, as evident in the sky panel,
and this may have created the large scatter. Figure 6 is
the corresponding DFT for LP 101-16.

The DFT spectrum for the normalized light curve of
LP101-16 shows a peak frequency near 93.7 cycles per
day, or 15.4 minutes, with an amplitude of 0.0152. This
amplitude is only 3.3σ above the noise, still below our 4σ
threshold for pulsation detections. Again, no definitive
statement about pulsations in this object can be made,
however, given only one night of data, the 3.3σ result
is encouraging. Therefore, it is strongly urged to collect
more data on LP 101-16.

4. CONCLUSION

Based on the preliminary results in this paper, it is not
plausible that the WDs G 24-9 and LP 101-16 pulsate at
a very low level. However at the moment we have incon-
clusive results. The frequency of G 24-9 lies within the
accepted periods of known pulsations in WDs. However,
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Fig. 6.— DFT of LP 101-16 observed on 2009 June 18 UT. See
text for explanation

its SNR is well below our 4σ threshold for false detec-
tions. For LP 101-16, neither its frequency nor SNR are
within the accepted standards, but the DFT from a sin-
gle night cannot rule out pulsations in this object either.

We therefore recommend that follow up observations
on both objects with telescopes of large apertures be un-
dertaken to reduce the amount of noise. If peak frequen-
cies of each night observed are consistent and between
8 to 15 minutes with a corresponding SNR greater than
4σ, then the objected should be seriously considered as
a potential pulsating DQ WD.
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