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ABSTRACT

Aims. Following our recent discovery of a new magnetic DQ white dwarf (WD) with CH molecular features, we report the results for
the rest of the DQ WDs from our survey.
Methods. We use high signal-to-noise spectropolarimetric data to search for magnetic fields in a sample of 11 objects.
Results. One object in our sample, WD1235+422, shows the signs of continuum circular polarization that is similar to some peculiar
DQs with unidentified molecular absorption bands, but the low signal-to-noise ratio and spectral resolution of these data make more
observations necessary to reveal the true nature of this object.
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1. Introduction

White dwarfs that have carbon features in any part of the elec-
tromagnetic spectrum are classified as DQ white dwarfs (WDs).
In these stars, carbon in either atomic or molecular form is the
dominant and usually the only source of any spectral features.
The carbon comes from convection induced dredge-up or the at-
mosphere is largely made up of carbon because of earlier stages
of stellar evolution. The latter case is thought to be the origin
of hot DQs (Dufour et al. 2008). Cooler members of the group
get their carbon from dredge-up. In addition to the hot DQs,
there are three other distinct groups of DQ WDs. Cool DQs
show molecular absorption bands of C2 and in two cases CH.
In peculiar DQs, unidentified molecular features are broader and
deeper, and their spectra look very abnormal. Between the hot
DQs that show atomic absorption lines of CII and the cool DQs,
there are WDs that show absorption lines of CI. These could be
called warm DQs to keep the same naming convention as the
other groups.

Along with the mass of the star and chemical composition of
its atmosphere, one important element of WD physics is mag-
netism. There have been extensive studies on the magnetic fields
of hydrogen WDs (see Külebi et al. 2009, for example), but the
incidence of magnetism in carbon WDs is still unknown. There
are currently six magnetic cool DQ WDs: LP790-29 (Liebert
et al. 1978; Wickramasinghe & Bessell 1979; Bues 1999),
LHS2229 (Schmidt et al. 1999), SDSS J1113+0146 (Schmidt
et al. 2003), SDSS J1333+0016 (Schmidt et al. 2003), G99-37
(Angel & Landstreet 1974), and GJ841B (Vornanen et al. 2010,
hereafter Paper I). However, four of these stars belong to the
subclass of peculiar DQ WDs with broad, unidentified molecu-
lar bands, and only the last two are normal cool DQs.

As is often with negative results, there are very few re-
ports on DQs that have been studied and found not to have

polarization. Schmidt et al. (1999) mention three stars,
LHS1126, G225-68, and ESO 439-162, for which a search for
circular polarization provided no results. However, the authors
give upper limits of B = 3, 2, and 30 MG for the stars, respec-
tively, which certainly do not exclude their magnetic nature. To
understand magnetism, its origin, and evolution in WDs, it is
important that we have information on non-magnetic WDs to
compare their properties to the properties of their magnetic kin.

As an example of the importance of magnetic fields, we
mention the subclass of hot DQs that has now 14 members.
Five of them have been found to be magnetic, and another four
might have a substantial magnetic field (Dufour et al. 2010). This
gives an unusually high rate of magnetism (from 36% to 64%)
for these WDs as compared to the average rate of 10−15%
for all WDs in the solar neighborhood (Liebert et al. 2003).
Such a high fraction of magnetic objects in a class of stars is
unusual. Coupled with the cool, carbon-rich atmosphere, this
leads to questions about the role of magnetic fields in their
evolution.

In Paper I, we presented our results for GJ841B. In addition
to G99-37, GJ841B is the second known DQ WD with circu-
larly polarized spectral features of CH-molecules and the first
one to apparently have polarized Swan bands of C2. Using the
model of molecular polarization in strong magnetic fields by
Berdyugina et al. (2007), and applying it to the CH bands at
430 nm and 390 nm, we determined the field strength of 1.3 MG
and the temperature of 6100 K for GJ841B. The discovery of
this new magnetic WD came from a survey of cool DQs that we
have carried out over the past four years. During this survey we
have also observed ten other cool DQs that do not show circu-
lar polarization in optical wavelengths and thus can be consid-
ered as non-magnetic. We have also discovered circular polariza-
tion in WD1235+422, which is a clear indication of its magnetic
nature.
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2. Observations

In our survey of cool DQ WDs, we have observed thirteen DQ
WDs using two different instruments at three different times:
ALFOSC at the Nordic Optical Telescope (NOT) in February
2010, FORS at VLT/UT2 in November 2008, and FORS at
VLT/UT1 in August 2009. Details of the observations are
given in Table 1. In both VLT observing runs, we used Grism
600B+12, which gives wavelength coverage from 330 nm to
621 nm with a spectral resolution of R = 780. This wave-
length interval includes several important molecular features of
C2 and CH.

Our observations at the NOT were done with low resolution
grism #10, which covers the wavelength region 330−1055 nm.
We used this grism to get a spectral resolution as low as possible
because our targets were faint for a 2.5 m telescope. The adopted
strategy of a low resolution grism and a wide slit (1.8′′) resulted
in a spectral resolution of only R = 70. This low resolution gave
us a chance to observe our faint targets with spectropolarimetry,
which normally requires a high signal-to-noise ratio (S/N) as a
technique. Our goal was to find polarization in molecular bands
that are dozens of nanometers wide, so a low resolution was ad-
equate for our purposes.

In the data reduction process, we subtracted the bias level
from all images and also removed cosmic ray contamination.
We skipped the flatfielding, because it did not improve the qual-
ity of data and sometimes even made it worse. Background was
subtracted separately for the two beams, and the spectra were
extracted. Wavelength calibration was done by using just one
arclamp spectrum and not by using lamp spectra in different re-
tarder plate positions. Finally, a dispersion correction was ap-
plied using the number of pixels in the dispersion direction of
the raw image as the number of wavelength points. Spectra were
normalized to the continuum level, because the model also pro-
duces normalized spectra. The intensity spectra of our targets are
shown in Figs. 1 and 2.

In our survey, we have decided to concentrate on circu-
lar polarization (Stokes V). From previous studies on G99-37
(Berdyugina et al. 2007), we expect a larger signal in circular
than in linear polarization. Circular polarization observations re-
quire fewer measurements and calibrations. This allows us to
dedicate more time for actual scientific exposures and reduce
overheads. In observations made with VLT, our goal was to
achieve a polarization accuracy of σP = ±0.2% (S/N ∼ 700). In
the case of NOT observations, we could not get such a high ac-
curacy, but nevertheless managed to attain approximately S/N =
300 (σP = ±0.5%). The polarization spectra are shown in Fig. 3.

Additional observations of one of our targets, WD1235+422,
were taken in service mode with the NOT on May 21st, 2011
and again on March 20th, 2013. The S/N of the 2011 mea-
surement was better than in our 2010 observations (see Figs. 2
and 4) due to the doubled exposure time with the 2013 measure-
ment almost doubling the exposure time again. The resulting
average spectrum is similar in all observing runs, but the poor
spectral resolution does not allow us to make any conclusions
about the magnetic properties, like field strength or geometry, of
WD1235+422, apart from the conclusion that the star is indeed
magnetic.

The intensity spectra in Fig. 1 are normalized to continuum,
but the absorption bands in WD1235+422 are overlapping, so
there is no continuum to fit between 430 nm and 630 nm. For this
reason we have flux calibrated the spectra and then normalized
them to the value at 639.4 nm. In this way, some comparison to
possible future observations and modelling can be done.

Fig. 1. Continuum normalized intensity spectra of the observed stars.
Spectrum of GJ151 is at its actual value and the rest are shifted in inter-
vals of 0.5. Horizontal lines denote the continuum level of each spec-
trum. See Fig. 2 for WD1235+422.

We note that the little emission peak at 410 nm in the ob-
jects observed with FORS1 (the first four in Figs. 1 and 3) is not
intrinsic to the objects. It is a spurious reflection signal in the
optics, since it is present in the raw images of every object as a
bright spot very close to the spectra.

3. Results

The intensity spectra of the objects in Table 1 are shown in Fig. 1
and Stokes V/I in Fig. 3. Our sample of DQ WDs shows a large
variation in the depth of C2 features from 3% to 30% below the
continuum level. The shape of the absorption features can be
divided into two distinct categories. For example, see the Δv =
0 Swan band of GJ1037 at λ = 510 nm and compare it with
the same band of GJ3306, where it is rounded and shows no
internal structure. At high temperatures (T ≥ 7000 K), the higher
energy vibrational bands with v ≥ 3 are visible as the individual
dips within the Swan bands. We would like to stress that this
difference in appearance is real. All stars observed with VLT
have a spectral resolution of about 0.7 nm.

For the objects observed with the NOT, the spectral resolu-
tion ranges from 5 nm to 15 nm across the observed wavelength
region, which is too poor to reveal these features, but it is worth
to note that one of these objects, GJ1117 (WD0856+331), shows
lines of neutral carbon. The lines look very broad, but this is just
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Table 1. Observing log for our survey of cool DQ white dwarfs.

Object RA Dec MV Observing date Exp time (s) R = λ/� λ Instrument

GJ1037 01 18 00.086 +16 10 20.63 13.85 15.11.2008 3300 780 VLT/FORS1
GJ151 03 44 34.860 +18 26 09.77 15.2 16.11.2008 9600 780 VLT/FORS1
GJ3306 04 37 47.42 −08 49 10.7 14.1 16.11.2008 4800 780 VLT/FORS1
WD0935-371A 09 37 00.0 −37 21 33 14.85 15.11.2008 7200 780 VLT/FORS1
GJ893.1 23 14 25.191 −06 32 47.84 15.42 26.−27.8.2009 9000 780 VLT/FORS
GJ3431B 07 10 14.332 +37 40 19.51 15.94 10.2.2010 8400 70 NOT/ALFOSC
GJ1117 08 59 14.714 +32 57 12.11 15.18 11.2.2010 3600 70 NOT/ALFOSC
WD0913+103 09 16 02.69 +10 11 10.7 15.77 10.−11.02.2010 9600 70 NOT/ALFOSC
GJ3569 09 50 17.139 +53 15 14.95 15.3 10.−11.02.2010 7200 70 NOT/ALFOSC
EGGR78 11 18 15.12 −03 14 05.4 15.39 10.2.2010 3600 70 NOT/ALFOSC
WD1235+422 12 37 52.240 +41 56 24.79 16.8 10.−11.2.2010 3600 70 NOT/ALFOSC

21.5.2011 7200 70 NOT/ALFOSC
20.3.2011 12 000 70 NOT/ALFOSC

Fig. 2. Spectra of WD1235+422 in three epochs are normalized to the
flux value at 639.4 nm, and the horizontal lines denote this value. The
bottom two spectra are shifted vertically.

an effect of the low resolution (see Fig. 7 from Dufour et al.
2005, for a higher resolution spectrum). These lines disappear at
temperatures below 9000 K, so they provide an immediate tem-
perature estimate for this star. The simultaneous existence of C2
gives an upper limit of 11 000 K.

The Stokes V spectra of the survey targets, apart from
GJ841B, show no signatures of polarization with one excep-
tion: WD1235+422 (see Fig. 4) shows a large circular po-
larization signal of a few percent across the observed wave-
length region in all sets of observations taken with the NOT
over 4 years. It also has the strongest absorption bands of C2
among all stars presented in this paper. In addition, its molec-
ular features are slightly shifted from the normal positions of
Swan bands. This would make WD1235+422 related to the class
of peculiar DQ WDs (Schmidt et al. 2003; Hall & Maxwell
2008). The Stokes V/I spectrum does not show any signifi-
cant variations in the Swan bands at this resolution except for
a slight decrease in the degree of polarization. Similar behaviour
is shown by LP 790-29, one of the magnetic peculiar DQs

Fig. 3. Stokes V /I spectra of the observed stars (in percents). Spectrum
of GJ151 is at its real value, and the rest of the spectra are shifted in
intervals of 4%. See Fig. 4 for WD1235+422.

(Schmidt et al. 1999). Thus, we conclude that the 2−3% circular
polarization in WD1235+422 is due to continuum polarization.

The white dwarf WD1235+422 seems to be an interesting
link between normal and peculiar DQ WDs and thus deserves
a more careful examination. Interestingly, the intensity spec-
trum of WD1235+422 looks similar to the simulated spectrum
of a 10 000 K purely carbon atmosphere DQ WD, as seen in
Fig. 6 of Dufour et al. (2008). On the other hand, Koester &
Knist (2006) modelled it as peculiar DQ WD with a temperature
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Fig. 4. Stokes V /I spectra of WD125+422 from 2010, 2011, and 2013.
Zero levels are marked with horizontal lines and the spectra have been
displaced for clarity. Intensity spectrum in the bottom panel is for the
comparison of feature wavelengths and clearly indicates that the polar-
ization is of continuum origin.

of 5846 K based on photometry. There are at least two other DQ
WDs with similar spectra: GSC2U J131147.2+292348 (Carollo
et al. 2003) and SDSS J090208.40+20104 (Limoges et al. 2013).
We think that some attention needs to be given to these stars in
the future because they might give new insight into the evolution
of hot DQs.

We have tried to model the observed spectra of these WDs
using the method by Berdyugina et al. (2007). This model is
based on the Unno-Rachkovsky and Milne-Eddington approxi-
mations and is capable of inferring the temperature and magnetic
field strength in a single-layer atmosphere. Using this model, we
have encountered a problem to fit the C2 band strengths simul-
taneously with a single set of the parameters. We assume that
this difficulty is related to the single-layer approximation and
can be overcome with more realistic, stratified atmospheres of
WDs, such as that by Dufour et al. (2005). We consider these
atmospheres and address the modelling problems in a separate,
forthcoming paper.

4. Conclusions

We have presented low resolution circular spectropolarimetric
observations of 11 DQ WDs. Among these stars we found a cir-
cular polarization signal in only one, WD1235+422, with the
addition of the previously reported GJ841B.

Although we did not find any other magnetic WDs in our
sample apart from GJ841B and WD1235+422, the data are
still valuable for the study of DQ WDs. At the moment, there
are about 182 confirmed cool DQ WDs, and by including
WD1235+422, only seven of them have been found to be mag-
netic. (There are also fourteen hot DQs of which at least five are
magnetic.) This amounts to 4% of the whole population, and the
value is exactly what has been found for DA white dwarfs in the
Sloan Digital Sky Survey (SDSS; Kepler et al. 2013). The study
of Kepler et al. (2013) only concerns magnetic field strengths of
over 2 MG, and these are also the values found for cool DQs so
far. The authors note that there should be about as many low field
WDs than these higher field dwarfs, but they are very difficult to
find. Landstreet et al. (2012) report results on a field of 10 kG on
a DA white dwarf.

Magnetism seems to be a good way to study the connec-
tions between the different subclasses of DQ WDs. However, no
one to our knowledge has made an extensive study of the mag-
netism of those DQ WDs that have absorption lines of neutral
carbon. These might be called warm DQs, because they are be-
tween the hot DQs (CII lines) and cool DQs (molecular absorp-
tion) in temperature. One such object has been found recently
(Williams et al. 2013). However, a lot still remains to be done,
but we are hopefully moving in the right direction in solving the
mystery of carbon atmosphere white dwarfs.
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