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ABSTRACT

Context. White dwarf-main sequence (WDMS) binaries are used to study several different important open problems in modern
astrophysics.
Aims. The Sloan Digital Sky Survey (SDSS) identified the largest catalogue of WDMS binaries currently known. However, this sam-
ple is seriously affected by selection effects and the population of systems containing cool white dwarfs and early-type companions
is under-represented. Here we search for WDMS binaries within the spectroscopic data release 1 of the Large sky Area Multi-Object
fiber Spectroscopic Telescope (LAMOST) survey. LAMOST and SDSS follow different target selection algorithms. Hence, LAMOST
WDMS binaries may be drawn from a different parent population and thus help in overcoming the selection effects incorporated by
SDSS on the current observed population.
Methods. We develop a fast and efficient routine based on the wavelet transform to identify LAMOST WDMS binaries containing
a DA white dwarf and a M dwarf companion, and apply a decomposition/fitting routine to their LAMOST spectra to estimate their
distances and measure their stellar parameters, namely the white dwarf effective temperatures, surface gravities and masses, and the
secondary star spectral types.
Results. We identify 121 LAMOST WDMS binaries, 80 of which are new discoveries, and estimate the sample to be ∼90 per cent
complete. The LAMOST and SDSS WDMS binaries are found to be statistically different. However, this result is not due to the differ-
ent target selection criteria of both surveys, but likely a simple consequence of the different observing conditions. Thus, the LAMOST
population is found at considerably shorter distances (∼50–450 pc) and is dominated by systems containing early-type companions
and hot white dwarfs.
Conclusions. Even though WDMS binaries containing cool white dwarfs are also missed by the LAMOST survey, the LAMOST
WDMS binary sample dominated by systems containing early-type companions is an important addition to the current known spec-
troscopic catalogue. Future LAMOST observations however are required to increase the small number of LAMOST WDMS binaries.

Key words. binaries: spectroscopic – stars: low-mass – white dwarfs – methods: data analysis

1. Introduction

White dwarf-main sequence (WDMS) binaries are detached
compact binary stars formed by a white dwarf and a main se-
quence star. These binaries evolve from main sequence binaries
and can be broadly separated into two groups depending on the
current orbital separation (e.g. Farihi et al. 2010). The first group
is formed by close WDMS binaries that evolved through a com-
mon envelope phase (Iben & Livio 1993; Webbink 2008). These
systems are commonly referred to as post-common envelope bi-
naries or PCEBs and contain ∼25 per cent of the entire WDMS
binary population (Willems & Kolb 2004; Nebot Gómez-Morán
et al. 2011). The remaining ∼75 per cent are WDMS binaries

� Full Tables 1–3 and the spectra are only available at the CDS via
anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/570/A107

that did not evolve through a common envelope phase. The or-
bital separation of these systems is roughly the same as the or-
bital separation of the initial main sequence binary from which
they descend.

Thanks to the Sloan Digital Sky Survey (SDSS, York et al.
2000), the number of WDMS binaries has increased dramat-
ically during the last few years (e.g. Silvestri et al. 2007;
Heller et al. 2009; Wei et al. 2013). There are currently
2316 WDMS binaries identified within the data release 8 of
SDSS (Rebassa-Mansergas et al. 2013a), of which 205 are con-
firmed as PCEBs (e.g. Schreiber et al. 2010). This catalogue is
the largest, most homogeneous and cleanest WDMS binary sam-
ple currently available.

The SDSS WDMS binaries and PCEBs are being used to
study several different and important aspects in modern as-
trophysics: e.g. providing constraints on theories of common
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envelope evolution (Davis et al. 2010; Zorotovic et al. 2010;
De Marco et al. 2011; Rebassa-Mansergas et al. 2012b;
Camacho et al. 2014) and on the origin of low-mass white dwarfs
(Rebassa-Mansergas et al. 2011); testing theoretical mass-radius
relations of both white dwarfs and low-mass main sequence
stars (Nebot Gómez-Morán et al. 2009; Parsons et al. 2010,
2012b,a; Pyrzas et al. 2012); constraining the rotation-age-
activity relation of low-mass main sequence stars (Morgan et al.
2012; Rebassa-Mansergas et al. 2013b); constraining the pair-
ing properties of main sequence stars (Ferrario 2012); probing
the existence of circumbinary planets around PCEBs (Zorotovic
& Schreiber 2013; Parsons et al. 2014; Marsh et al. 2014).
However, SDSS WDMS binaries suffer from important selection
effects (Rebassa-Mansergas et al. 2013a). Namely, the popula-
tion of SDSS systems containing cool white dwarfs and early-
type companions is clearly under-represented.

In this paper we make use of the recent, multi-faceted and
large scale survey operated by Large sky Area Multi-Object fiber
Spectroscopic Telescope (LAMOST), also named Guo Shou
Jing Telescope to extend the search of WDMS binaries and
build-up the current spectroscopic sample. Specifically, we in-
vestigate whether or not LAMOST WDMS binaries help in over-
coming the selection effects incorporated by SDSS on the cur-
rent observed population.

2. The LAMOST survey

The LAMOST is a quasi-meridian reflecting Schmidt telescope
located at Xinglong Observing Station in the Hebei province of
China (Cui et al. 2012). It has an effective aperture of about
4 m, and a field of view of 5◦ in diameter. The LAMOST is
exclusively dedicated to obtain optical spectroscopy of celestial
objects. Each spectral plate refers physically to a focal surface
with 4000 precisely positioned optical fibers to observe spec-
troscopic plus calibration targets simultaneously, equally dis-
tributed among 16 fiber-fed spectrographs. Each spectrograph is
equipped with two CCD cameras of blue and red channels that
simultaneously provide blue and red spectra of the 4000 selected
targets, respectively.

From 2012 September, LAMOST began its five-year regu-
lar survey, before that there was a two-year commissioning sur-
vey and a one-year pilot survey. The LAMOST regular survey
consists of two main parts (Zhao et al. 2012). The first part
is the LAMOST Extra-Galactic Survey (LEGAS) of galaxies
to study the large scale structure of the Universe. The second
part is the LAMOST Experiment for Galactic Understanding
and Exploration (LEGUE) Survey of the Milky Way, developed
to study the structure and evolution of the Galaxy (Deng et al.
2012). LEGUE is subdivided into three surveys which follow
independent selection criteria for follow-up observations (Carlin
et al. 2012; Chen et al. 2012; Liu et al. 2014): the spheroid, the
disk, and the galactic anti-centre.

The current data product of LAMOST is data release 1
(DR1). This includes 2 204 860 spectra, 717 660 of which were
observed during the pilot survey (Zhao et al. 2012; Luo et al.
2012). The number of spectra classified as star, galaxy, quasar
and unknown (mainly due to the poor quality of the spectra)
are 1 944 406, 12 082, 5 017, and 243 355 respectively. The re-
solving power of the LAMOST spectra is ∼1800 and covers
the ∼3800−9000λλ wavelength range. Because of the lack of
a network of photometric standard stars, the flux calibration of
LAMOST spectra is relative (Song et al. 2012), which means
that even though the overall shape of the spectral energy distribu-
tion of the targets is well sampled by the flux-calibrated spectra,

the level of the absolute flux may not be entirely accurate. In ad-
dition, reddening of the standard stars may also affect the flux
calibration, especially when the standard stars have very dif-
ferent spatial positions and/or reddening from other stars in the
same spectrograph. A considered LAMOST spectrum is unam-
biguously identified by the MJD (modified Julian date) of the ob-
servation, a plate identifier, a spectrograph identifier and a fiber
identifier (see Luo et al. 2012, for the description of LAMOST
1D FITS files).

3. The LAMOST DR1 WDMS binary sample

In this section we describe in detail our procedure for iden-
tifying LAMOST WDMS binaries, estimate the completeness
of the identified sample, and evaluate how efficient the selec-
tion criteria employed by the LAMOST surveys are in targeting
WDMS binaries for follow-up observations.

3.1. Identification of LAMOST WDMS binaries

The first catalogue of LAMOST WDMS binaries is provided by
Ren et al. (2013) who, based on spectrophotometric colour se-
lection, identified 28 systems from the LAMOST pilot survey.
However, the relative flux calibration of the LAMOST spectra
(Sect. 2) together with the high Galactic extinction and redden-
ing (Liu et al. 2014, especially in the anti-centre region) incorpo-
rate systematic uncertainties to the inferred spectrophotometric
magnitudes, which are expected to affect the efficiency of this
method in selecting WDMS binaries. An additional technique
for identifying WDMS binaries based on χ2 template fitting was
developed by Rebassa-Mansergas et al. (2010), which resulted in
the largest and most homogeneous catalogue of SDSS WDMS
binaries known to date. However, the efficiency of this technique
in finding LAMOST WDMS binaries may also be affected by the
un-reddened LAMOST spectra, as the χ2 values would increase
considerably.

We here developed a novel routine based on the wavelet
transform (WT, e.g. Chui 1992) to identify WDMS binaries
among the ∼2 million DR1 LAMOST spectra. The WT is an
efficient multi-resolution time-frequency analysis tool, which is
very popular in many areas of signal processing, and also has
been extensively used in astronomical spectral feature extraction
(e.g. Starck et al. 1997; Li 2012). The analysis unit of the WT is
the local flux of the spectrum, i.e. the selected spectral features.
Thus, for a given spectrum, the WT recognises the spectral fea-
tures rather than the global continuum, and consequently uncer-
tainties in the flux calibration and reddening effects are ignored
to some extent. The WT is therefore a suitable method to search
for LAMOST WDMS binaries.

In a WT, the considered spectral feature of a spectrum (a
WDMS binary spectrum in our case) is decomposed into ap-
proximation signals, often referred to as approximation coeffi-
cients, and the wavelength values under the considered spectral
region are converted into data points. The number of data points
is defined mathematically as (N2 − N1)/2, where N2 and N1 are
the superior and inferior sampling data point limits where the
WT is applied. The outcome of a WT can be hence considered
(for comparative purposes) as a smooth version of the spectrum.
This decomposition process can be iterated by decomposing the
approximation coefficients into successive approximation coef-
ficients (thus reducing by half the number of data points in each
iteration) until the decomposition level is satisfactory. This oc-
curs when the spectral features of a WDMS binary spectrum can
be identified in the approximation coefficients as compared to a
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non-WDMS binary spectrum in which the approximation coeffi-
cients are dominated by continuum emission and/or by spectral
features different from those of WDMS binaries.

Two obvious spectral features can be identified in the spec-
tra of WDMS binaries: the Balmer lines in the blue band (aris-
ing from the white dwarf if the atmosphere is hydrogen-rich,
i.e. a DA white dwarf) and the molecular absorption bands in
the red band (typical features of late type, M dwarf compan-
ions). We thus selected the 3910–4422λλ range in the blue band
(which includes the Hγ, Hδ and Hε Balmer lines) and the 6800–
8496λλ range in the red band (which samples a large number of
TiO and VO molecular bands) as the spectral regions to perform
the WT. This obviously limited our search to WDMS binaries
containing a DA white dwarf and a M dwarf companion, here-
after DA/M binaries. However, reliable stellar parameters (fun-
damental for characterising the LAMOST population) can only
be obtained for DA/M binaries (Rebassa-Mansergas et al. 2010).
Moreover, DA/M binaries are the most common (∼80 per cent)
among WDMS binaries (Rebassa-Mansergas et al. 2013a).

We determined the appropriate number of WT iterations
to be performed to the two selected spectral regions as fol-
lowed. First, we visually inspected all spectra classified as white
dwarf, A star, K star, M star and Double (i.e. binary star) by the
LAMOST pipelines and identified 82 clear DA/M binary spec-
tra, a list we refer to as the test sample hereafter. We note that we
inspected these spectral type groups simply because DA/M bina-
ries are likely typed as such by the LAMOST pipelines. Then, we
randomly added a large number of spectra classified as Galaxy,
quasar, and star (spectral type O, B, A, F, G, K, M and white
dwarf; which are not DA/M binaries) to this list. Finally, we
applied successive WT iterations to all spectra in our test sam-
ple and evaluated when the approximation coefficients became
blurred or unrecognisable for our DA/M binaries. We found this
happened for the majority of cases at the 6th iteration in the blue
band and the 8th iteration in the red band. We therefore fixed the
number of iterations as five and seven in the blue and the red
bands, respectively. This corresponds to 18 data number points
left after the 5th iteration in the blue band and 14 data points left
after the 7th iteration in the red band. In Fig. 1 we show the ap-
proximation coefficients as a function of data number of points
obtained for the successive WT iterations applied to a DA/M bi-
nary (top left), a M star (top right), an A star (bottom left) and a
G star (bottom right) in our test sample. It becomes obvious that
the approximation coefficients of the A star and the DA/M bi-
nary are similar in the blue band, the same as the approximation
coefficients of the M star and the DA/M binary in the red band.
Therefore, in order to efficiently select DA/M binaries against
other types of celestial objects we applied the following cuts in
the blue band and red band,

fb[i1] < max( fb[i1 + 1], fb[i1 + 2]) ‖
( fb[i1] < fb[i1 + 2] & fb[i1] < max( fb[i1 − 1], fb[i1 − 2])) &

( fb[i2] < fb[i2 − 2] & fb[i2] < max( fb[i2 + 2], fb[i2 + 3])) &

( fb[i3] < fb[i3 − 3] & fb[i3] < fb[i3 + 1]) (1)

and

fr[ j1] > fr[ j1 + 1] &( fr[ j2] > fr[ j2 − 3] &

fr[ j2] > fr[ j2 + 2]) & min( fr[ j3], fr[ j3 − 1]) <

max( fr[ j3 − 2], fr[ j3 − 3], fr[ j3 − 4]) (2)

respectively, where fb and fr are the approximation coefficients
in the blue and the red bands respectively at the correspond-
ing data number i and j, and i1 = 3, i2 = 7, i3 = 15,

and j1 = 1, j2 = 5, j3 = 13. In the blue band these equations
select the DA/M binary and the A star shown in Fig. 1 and ex-
clude the G star and the M star, whilst in the red band they select
the DA/M binary and the M star but exclude the A star and the
G star. Thus, only the DA/M binary survives the applied cuts in
Fig. 1. From the complete test sample, these cuts efficiently se-
lected 79 of the 82 DA/M binaries. However, we note that we
applied a large number of different cuts, and only those provided
here resulted in the largest number of DA/M binaries identified
from our test sample.

Applying the WT and above define cuts to all ∼2 million
DR1 LAMOST spectra resulted in a sample of 8543 selected
spectra, which we visually inspected. This resulted in the iden-
tification of 130 genuine DA/M binary spectra of 118 unique
systems (nine objects were observed twice by LAMOST, and
one was observed four times). To this list we added the three
DA/M binary spectra missed from the test sample (one is a dif-
ferent spectrum of a DA/M binary already identified), thus in-
creasing the total number of LAMOST DA/M binaries to 120
(133 total spectra). A cross-correlation of our list of DA/M bi-
naries with the catalogue by Rebassa-Mansergas et al. (2013a)
revealed that 41 systems were previously observed by SDSS,
which implies we have identified 79 new systems in this work.
We also find a large number (180) of systems displaying both a
red and a blue component in the LAMOST spectra, but that we
do not consider as DA/M binaries. The spectra of these objects
are either too noisy, or are likely to be the result of the super-
position of two stars in the line of sight, or the result of white
dwarfs (M-dwarfs) located close to very bright M-dwarfs (white
dwarfs or A-stars) causing scattered light to enter the spectro-
scopic fiber, i.e. an apparent two-component spectrum.

Finally, we compared our list of 120 systems with the
sample of 28 LAMOST DA/M binaries from the pilot sur-
vey of LAMOST (Ren et al. 2013). Our WT method
finds 26 of the 28 listed targets. However, four of these
(J052529.17+283705.4, J052531.26+283807.6, J052531.33+
284549.4, and J120024.56+292310.3) are not included in our
sample as we do not consider them DA/M binaries. Of the two
objects we missed, one (J132417.76+280755.8) is a DA/M and
we add it to our list, the other (J150626.53+275925.2) a DA/M
binary candidate. The total number of LAMOST DA/M bina-
ries thus increases to 121 (the total number of LAMOST spectra
is 134) and the final number of new DA/M binaries found in this
work, i.e. systems that were not observed by SDSS, increases
to 80. Table 1 lists all our LAMOST DA/M binaries. For com-
pleteness, we also include in this list the 181 systems displaying
two components in the LAMOST spectra but that are not con-
sidered as DA/M binaries by us. Table 2 lists the SDSS ugriz or
Xuyi gri magnitudes and coordinates of our 121 DA/M binaries
(the Xuyi survey is the photometric counterpart of the LAMOST
survey of the Galactic anti-centre; see Sect. 2). In Fig. 2 we show
the LAMOST spectra of 12 DA/M binaries in our catalogue (the
complete catalogue is available at the CDS).

3.2. The efficiency of the wavelet transform method
and completeness of the LAMOST WDMS binary
sample

In order to evaluate the efficiency of the WT method in finding
DA/M binaries as well as to estimate the completeness of the
LAMOST DA/M binary sample, i.e. the fraction of DA/M bi-
naries we identified respect to the total number observed, we
applied the WT method to all ∼1.8 million SDSS DR 8 spectra.
Our purpose here is to check how many of the 1819 SDSS DR 8

A107, page 3 of 13



A&A 570, A107 (2014)

Fig. 1. Approximation coefficients (CA) as a function of data number obtained applying the wavelet transform to a LAMOST DA/M binary
(J075919.43+321948.1; top left), a M star (top right panels), an A star (bottom left panels), and a G star (bottom right panels). The LAMOST
spectra of each target are shown in the top panels (flux units are 10−17 erg/cm−2 s−1 Å−1), where the vertical grey dotted lines define the spectral
regions selected to perform the wavelet transform.

DA/M binaries (Rebassa-Mansergas et al. 2013a) can be identi-
fied by the WT routine. After applying the WT to all SDSS DR 8
spectra we obtained 27 060 WDMS binary candidate spectra,
and after a visual inspection we identified a total of 1646 systems
as DA/M binaries. Therefore, the WT recovered ∼90 per cent of
the SDSS DA/M binary sample. Given that the SDSS WDMS
binary catalogue is >∼98 per cent complete (Rebassa-Mansergas
et al. 2013a), the exercise performed here strongly suggests the
WT should select also ∼90 per cent of all DA/M binaries ob-
served by LAMOST. The spectra of the 173 SDSS DR8 DA/M
binaries the WT failed to identify miss important data points in
the areas in which the WT is applied, or are clearly dominated
by one of the two stellar components, or are spectra of extremely
low signal-to-noise ratio (S/N) for a clear identification of the
spectral features of the two stars. We expect the ∼10 per cent of
LAMOST DA/M binary spectra missed by the WT to be of the
same characteristics.

We conclude that the WT is an efficient method for identify-
ing DA/M binaries and that the completeness of the LAMOST
DA/M binary sample is ∼90 per cent.

3.3. The efficiency of the LAMOST target selection algorithm
in selecting WDMS binaries

The number of spectra released by SDSS DR 8 (∼1.8 million)
and LAMOST DR 1 (∼2 million) are similar. However, the total
number of DA/M binaries in LAMOST DR 1 (121) is more than
one order of magnitude lower than in SDSS DR 8 (1819). This
difference is very likely a consequence of the different target se-
lection criteria employed by the two surveys. We investigate this
hypothesis here.

In Fig. 3 (left panel) we show the u − g vs. g − r den-
sity map for 497 354 SDSS DR 8 sources with available spectra,
clean photometry, and photometric errors of less than 0.05 mag.
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Table 1. Our catalogue of 121 LAMOST DA/M binaries.

Jname S /N MJD Plateid Spid Fiberid T wd
eff Err log(g)wd Err Mwd Err d Err Sp Type

[K] [M�] [pc]

J002237.90+334322.1 5.48 56 255 VB007N33V1 03 085 0 0 0 0 0 0 0 0 –1 0
J002952.22+434205.8 37.36 56 266 M31007N41B2 11 196 34926 1011 8.29 0.19 0.83 0.11 245 34 2 0
J004232.56+415403.0 8.75 55 886 M31_004437N404045_M2 15 202 15071 702 7.08 0.16 0.26 0.04 238 27 6 0
J004432.63+402635.2 11.25 55 886 M31_004437N404045_M2 04 127 0 0 0 0 0 0 0 0 3 0
J004545.96+415029.9 4.57 55 863 M31_011N40_B1 15 128 0 0 0 0 0 0 0 0 2 0
J005221.55+440335.4 15.87 56 207 M31011N44B1 08 149 22292 3046 8.23 0.48 0.77 0.29 225 74 2 0
J005601.44+400718.4 28.14 55 886 M31_004437N404045_M2 06 151 0 0 0 0 0 0 0 0 2 0
J005636.91+383332.6 16.69 55 914 M31_01h38_F1 03 098 0 0 0 0 0 0 0 0 4 0
J005853.40+064849.3 59.70 56 240 EG010249N073002F 03 027 11565 247 7.55 0.25 0.38 0.11 229 35 1 0
J011447.51+254229.6 16.66 56 267 EG011927N271550M01 02 241 35740 628 7.81 0.12 0.57 0.06 140 12 1 0

Notes. White dwarf stellar parameters (effective temperature, surface gravity and mass), spectral type of the companions and distances are given
when available, however only those with a S/N higher than 12 (second column) are considered in the analysis of this paper. Spectral types of −1
imply that no values are available. Modified Julian date (MJD), plate (plateid), spectrograph (spid) and fiber (fiberid) identifiers for each of the
LAMOST spectra are also provided. For completeness, we also include 181 systems that are not considered by us as DA/M binaries but that show
blue and red components in their spectra. These are flagged as 1 in the last column. The complete table can be found at the CDS.

Table 2. SDSS or Xuyi magnitudes (when available) and coordinates of our 121 LAMOST DA/M binaries.

Jname RA [deg] Dec [deg] u g r i z SDSS/Xuyi

J002237.90+334322.1 5.65794 33.72280 19.56 17.35 15.98 14.58 13.87 SDSS
J002952.22+434205.8 7.46761 43.70163 0 0 0 0 0 0
J004232.56+415403.0 10.63567 41.90083 17.35 17.18 17.43 17.40 17.09 SDSS
J004432.63+402635.2 11.13595 40.44311 19.80 19.03 17.96 16.77 16.08 SDSS
J004545.96+415029.9 11.44152 41.84165 0 0 0 0 0 0
J005221.55+440335.4 13.08981 44.05985 17.05 16.46 15.62 14.61 13.95 SDSS
J005601.44+400718.4 14.00604 40.12179 18.81 18.13 17.23 16.35 15.88 SDSS
J005636.91+383332.6 14.15381 38.55906 0 0 0 0 0 0
J005853.40+064849.3 14.72252 6.81371 17.30 17.18 17.46 17.64 17.73 SDSS
J011447.51+254229.6 18.69799 25.70823 16.96 17.18 17.49 17.31 16.85 SDSS

Notes. The complete table can be found at the CDS.

In the right panel of the same Figure we represent the same
density map for 587 988 DR 1 LAMOST targets with available
SDSS DR 8 ugr magnitudes, where again we select only ob-
jects with clean photometry and photometric errors below 0.05.
We used this particular colour diagram because single main se-
quence stars can be easily excluded in the u − g vs. g − r plane,
which allows us to analyse the impact of the selection criteria
in targeting DA/M binaries in both quasar dominated and quasar
free colour areas by the two surveys. The colour cut defined by
Rebassa-Mansergas et al. (2013a) for excluding single main se-
quence stars is illustrated as black solid lines in both panels of
Fig. 3, together with 1523 SDSS DR 8 and 70 LAMOST DR 1
DA/M binaries that satisfy the above photometric conditions (red
open circles). For comparative purposes, SEGUE (the SDSS
Extension for Galactic Understanding and Exploration, Yanny
et al. 2009) DA/M binaries, which contain systematically cooler
white dwarfs and earlier type secondaries (Rebassa-Mansergas
et al. 2012a), are displayed as open blue circles in the left panel
of Fig. 3. It is worth noting that the LAMOST survey of the
Galactic anti-centre, i.e. the GAC survey (Sect. 2), does not
overlap with SDSS DR 8, therefore the vast majority of tar-
gets observed are not included in Fig. 3 because of lack of
ugr magnitudes. Thus, we use the g − r colours obtained from
Xuyi photometry (the photometric counterpart of the GAC sur-
vey, Liu et al. 2014) of all LAMOST DA/M binaries that were
observed as part of the GAC survey and illustrate them as blue
open circles in the right panel of Fig. 3, where we assume a
u−g colour of 0 because of the lack of Xuyi u-band photometry.

Inspection of Fig. 3 reveals that outside the DA/M binary
colour space area the LAMOST and SDSS density maps are
rather similar, the only difference being that LAMOST observed
a considerably larger number of main sequence stars. Within the
DA/M binary box it becomes clear that SDSS observed approxi-
mately half an order of magnitude more sources than LAMOST.
This can clearly be seen in the number distribution of targets as a
function of u− g (top panels) and g− r (right panels), and has an
easy explanation: whilst one of the main drivers of SDSS has
been targeting galaxies and quasars for spectroscopy (Strauss
et al. 2002; Richards et al. 2002; Adelman-McCarthy et al. 2008)
(see the prominent peaks at g − r � 0.2 and u − g � 0.4),
LAMOST is a dedicated Galactic survey targeting mainly stars
(Zhao et al. 2012, see also Sect. 2). It is therefore not surprising
that the number of DA/M binaries observed by SDSS is consid-
erably larger than the number observed by LAMOST.

Independently of the total number of DA/M binaries ob-
served by the two surveys, a different and more important issue
in the context of this paper is whether the LAMOST DA/M bi-
nary population has different properties than the one observed
by SDSS. Specifically, whether or not LAMOST DA/M bina-
ries contain systematically cooler white dwarfs and earlier-type
companions, a population under-represented in the SDSS sam-
ple. Although we will investigate this in detail in Sect. 5, it is
worth noting that ∼70 per cent of SDSS and ∼60 per cent of
LAMOST DA/M binaries are concentrated in quasar dominated
colour areas (g − r <∼ 0.7) representative of systems contain-
ing hot white dwarfs (open circles in both panels of Fig. 3). As
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Fig. 2. Example spectra of 12 LAMOST DA/M binaries, ordered in appearance according to the S/N of the LAMOST spectra. The complete
catalogue is available at the CDS.

Fig. 3. SDSS (left) and LAMOST (right) density maps in the u − g vs. g − r plane. Identified DA/M binaries are shown as red open circles (blue
open circles represent SEGUE and GAC DA/M binaries in the left and right panels, respectively). The solid black lines are colour-cuts defined for
selecting DA/M binaries and excluding single main sequence stars. The number distribution of objects as a function of u− g and g− r within these
cuts are provided in the upper and right panels, respectively.
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Fig. 4. Two-component fits to the LAMOST DA/M binary spectra. Shown are examples for objects with either the M-dwarf or the white dwarf
dominating the LAMOST spectrum. Top panels: DA/M binary spectrum as black line, and the two templates, white dwarf and M-dwarf, as dotted
lines. Bottom panels: residuals from the fit.

expected, SEGUE DA/M binaries (blue open circles; left panel
of Fig. 3) which are intrinsically dominated by cooler white
dwarfs and earlier-type companions, generally populate colour
areas that do not overlap with those of quasars (g − r >∼ 0.7).
Interestingly, this is also the case for ∼50 per cent of LAMOST
DA/M binaries observed by the GAC survey (blue open circles
in Fig. 3, right panel). Therefore the subpopulation of LAMOST
GAC DA/M binaries may deserve further attention.

We conclude that the low number of DA/M binaries observed
by LAMOST as compared to SDSS is a simple consequence of
the differences in the target selection criteria of both surveys. We
also find strong indications for a large population of LAMOST
DA/M binaries containing hot white dwarfs, which indicates the
LAMOST surveys may not help in overcoming the selection ef-
fects incorporated by SDSS. We will discuss this in detail in
Sect. 5.

4. Stellar parameters and distances

Reddening is likely to affect the flux calibration of LAMOST
spectra (Sect. 2), which may affect the determination of the
stellar parameters of our DA/M binaries (especially if these are
located in the Galactic anti-centre region). To solve this poten-
tial problem we re-flux calibrated the spectra of our 121 targets
following the routine developed by Xiang et al. (2014). This
method makes use of de-reddened flux standard stars observed
in the same spectrograph as the considered targets to provide
de-reddened and flux calibrated target spectra. However, the flux
calibration applied by the Xiang et al. (2014) routine is also rel-
ative, i.e. the overall shape of the spectral energy distribution is
well sampled by the flux-calibrated spectra but the absolute flux
level may not be entirely accurate.

We applied the decomposition/fitting routine of
Rebassa-Mansergas et al. (2007) to the re-calibrated spectra for
measuring the stellar parameters and estimating the distances
to our DA/M binaries. This method is briefly described as
followed. First, a given LAMOST DA/M binary spectrum is
fitted with a two-component model using a set of observed M
dwarf and white dwarf templates. From the converged fit to
each spectrum (see Fig. 4) we record the spectral type of the
secondary star. The best-fit M dwarf template is then subtracted

and we fit the residual white dwarf spectrum with a model
grid of DA white dwarfs (Koester 2010) to obtain its effective
temperature, Teff, and surface gravity, log g (see Fig. 5). The
equivalent widths of the Balmer lines go through a maximum
near Teff = 13 000 K, with the exact value being a function of
log g. Therefore, Teff and log g determined from Balmer line
profile fits are subject to an ambiguity, often referred to as “hot”
and “cold” solutions, i.e. fits of similar quality can be achieved
on either side of the temperature at which the maximum equiva-
lent width is occurring. We use the Teff and log g obtained from
the fits to the whole spectrum, continuum plus lines (excluding
the region above 7000 Å, where residual contamination from
the secondary star subtraction is largest) to select the “hot”
or “cold” solution from the line profile fits. The mass and the
radius of the white dwarf is then obtained interpolating the
determined Teff and log g in the tables provided by Bergeron
et al. (1995)1. However, it has been shown that one-dimensional
white dwarf model spectra such as those used in this work yield
overestimated log g (and therefore mass) values for white dwarfs
of effective temperatures below ∼12 000 K (e.g. Koester et al.
2009; Tremblay et al. 2011). Therefore, we apply the corrections
of Tremblay et al. (2013), which are based on three-dimensional
white dwarf model spectra, to our white dwarf parameter
determinations. Finally, we use the flux scaling factors between
the observed residual white dwarf spectra and the best-fit white
dwarf models to estimate the white dwarf distances, which
are equivalent to the distances to our DA/M binaries2. It is
important to mention that the relative flux calibration of the
LAMOST spectra may incorporate systematic uncertainties in
the distance determinations, as the flux scaling factor depends
on the absolute level of the flux-calibrated spectra, and we
will discuss this effect in detail below. Table 1 provides the

1 Updated tables can be found at http://www.astro.umontreal.
ca/~bergeron/CoolingModels/
2 In principle, we could also get a distance estimate from the flux scal-
ing factor between the observed spectra and best-fit templates to the
secondary stars. However, it has been shown that ∼1/3 of the secondary
star distances obtained in this way are systematically larger than the
distances measured to the white dwarf components, presumably due to
magnetic activity (Rebassa-Mansergas et al. 2007). Therefore we do not
take into account the secondary star distances in this work.
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Fig. 5. Spectral model fits to the white dwarf components of the two DA/M binaries shown in Fig. 4, obtained after subtracting the best-fit M-dwarf
template. Top left panels: best-fit (black lines) to the normalised Hβ to Hε (grey lines, top to bottom) line profiles. Top right panels: 3, 5, and 10σ
χ2 contour plots in the Teff − log g plane. The black contours refer to the best line profile fit, the red contours to the fit of the whole spectrum.
The dashed line indicates the occurrence of maximum Hβ equivalent width. The best “hot” and “cold” line profile solutions are indicated by
black dots, the best fit to the whole spectrum is indicated by a red dot. Bottom panels: residual white dwarf spectra resulting from the spectral
decomposition and their flux errors (grey lines) along with the best-fit white dwarf model (black line) to the 3800–7000 λλ wavelength range (top)
and the residuals of the fit (grey line, bottom). The Teff and log g values listed in Table 1 are determined from the best line profile fit. The fit to the
whole spectrum is only used to select between the “hot” and “cold” line fit.

white dwarf stellar parameters of 65 DA/M binaries, and the
M dwarf spectral types of 104 DA/M binaries. The LAMOST
spectra of the DA/M binaries for which we could not obtain
stellar parameters are either too noisy, are dominated by the
flux from one of the two stellar components, or are subject to a
bad flux calibration due to lack of suitable flux standard stars.
Because of these reasons we are able to obtain white dwarf
stellar parameters and spectral types of the companions for 27
and 40 of the 41 DA/M binaries commonly observed by both
LAMOST and SDSS, respectively.

We compare the white dwarf parameters of the 27 DA/M
binaries and the spectral types of the companions of the 40 sys-
tems commonly observed by LAMOST and SDSS in Fig. 6. It is
important to emphasize here that the stellar parameters obtained
from both the LAMOST and the SDSS DA/M binary spectra
rely on the same decomposition/fitting routine. The reliability of
this method has been tested by Rebassa-Mansergas et al. (2007);
Rebassa-Mansergas et al. (2010), who compared their stellar pa-
rameter determinations from SDSS spectra to those obtained by
independent spectroscopic parameter fitting methods applied to
the same SDSS spectra (Raymond et al. 2003; van den Besselaar
et al. 2005; Silvestri et al. 2007; Heller et al. 2009). This com-
parison revealed that all studies provide stellar parameters that
are overall consistent with those obtained from our decompo-
sition/fitting routine (see Rebassa-Mansergas et al. 2007, 2010,
for further details). Therefore, directly comparing the stellar pa-
rameters obtained here from LAMOST spectra to those obtained
from SDSS spectra allows us to test in a direct way how reli-
able our measured stellar parameters are. Inspection of Fig. 6
reveals that the obtained spectral types are in good agreement
(we find that in ∼50 per cent of the cases the spectral types

Fig. 6. Comparison of the white dwarf mass (top left), effective tempera-
ture (top right), surface gravity (bottom left), and secondary star spectral
type (bottom right) obtained for 27 (40 in the bottom right panel) DA/M
binaries commonly observed by LAMOST and SDSS. In red are shown
systems for which their LAMOST and SDSS spectra have a S/N higher
than 12.

are the same, and that only in two cases the difference is of
more than one spectral subclass), and that the white dwarf stel-
lar parameters agree at the 1.5σ level in ∼70 per cent of the
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Fig. 7. Photometric vs. spectroscopic distances to 36 LAMOST DA/M
binaries with available SDSS DR 8 ugriz magnitudes and LAMOST
spectra of S/N above 12.

cases (this percentage drops to ∼40 per cent if we consider the
white dwarf effective temperatures; top right panel of Fig. 6).
Because systematic uncertainties in the flux calibration affect
both the SDSS and LAMOST spectra, it is difficult to assess
from which spectra our routine provides the most reliable stel-
lar parameters. However, and not surprisingly, we find the S/N
of the LAMOST and/or the SDSS spectra to be systematically
lower for the cases with the larger discrepancies between the
measured values. Indeed, if we consider only DA/M binaries
for which the S/N of both the LAMOST and SDSS spectra are
higher than 12 (red solid dots in Fig. 6), then the vast majority
of cases associated with the larger discrepancies in the measured
parameters disappear3. We therefore only consider further the
stellar parameters of 48 LAMOST DA/M binaries for which the
S/N of their spectra is higher than 12.

In order to investigate the effect of the relative flux cal-
ibration of the LAMOST spectra in our distance determina-
tions we followed an independent approach for estimating the
distances and compared the results. We restricted this exercise
to the 48 systems in which the LAMOST spectra are of S/N
higher than 12. We interpolated the Teff and log g values deter-
mined for each white dwarf in these DA/M binaries in the tables
by Bergeron et al. (1995) and obtained the white dwarf abso-
lute magnitudes UGRIZ. We then gathered available DR 8 ugriz
magnitudes for 36 of our selected targets and simply derive their
distances from their distance modulus. Given that the apparent
magnitudes correspond to those of the binary system and the
absolute magnitudes are calculated for the white dwarf compo-
nents we considered only the distance obtained from the u-band
distance modulus in each case, as the M dwarf contribution in
this range is generally low. We compare the distances obtained
in this way (hereafter photometric distances) to the distances ob-
tained from the flux-scaling factors (hereafter spectroscopic dis-
tances) in Fig. 7. Inspection of the figure reveals that the dis-
tances are in relatively good agreement except for five cases in
which the spectroscopic distances are considerably lower than
the photometric distances. In three of these particular cases the
DA/M binary spectra are dominated by the contribution of the

3 In order to ensure a direct comparison we estimate the S/N of the
LAMOST and SDSS spectra in the same way as 1

n

∑ f
e f , where f and

e f are the flux and flux error respectively, and n is the total number of
data points.

secondary stars (contributing also with a significant amount of
flux in the u-band), therefore their photometric distances cannot
be considered as reliable. This exercise demonstrates that the rel-
ative flux calibration of LAMOST spectra does not seem to af-
fect dramatically our spectroscopic distance determinations and
we hereafter adopt these as the distances to our DA/M binaries.
These values are included in Table 1. The fact that two indepen-
dent distance estimates broadly agree for the vast majority of the
considered cases provides indirect support for the white dwarf
parameters derived from the LAMOST spectra being reliable, as
both distance determinations rely to some extent on the accuracy
of these parameters.

5. Characterisation of the LAMOST WDMS binary
population

In this section we study the intrinsic properties of the LAMOST
DA/M binary population and investigate whether this new sam-
ple helps in overcoming the selection effects incorporated by
the target selection criteria of SDSS, which is biased against
the identification of systems containing cool white dwarfs and
early-type companions. We do this analysing and comparing
the stellar parameter and distance distributions of the LAMOST
and SDSS DA/M binary populations. However, we note that the
251 SDSS DA/M binaries observed as part of SEGUE were not
considered here, as this population was the result of a dedicated
search of systems containing systematically cooler white dwarfs
and earlier-type companions (Rebassa-Mansergas et al. 2012a).
In addition, we only consider in this exercise systems for which
the S/N of their spectra are higher than 12 (Sect. 4), a restriction
we applied both to LAMOST and SDSS DA/M binary spectra.

We begin showing the distance distribution of LAMOST and
SDSS DA/M binaries in the top left panel of Fig. 8. To facilitate
the comparison both distributions have been normalised. It be-
comes obvious that, in general, the LAMOST DA/M binary sam-
ple contains systems that are considerably nearer to us than those
observed by SDSS, i.e. LAMOST observes a smaller and more
local volume of DA/M binaries. This is further illustrated in the
top right panel of Fig. 8, where we provide the distance cumula-
tive distributions. As we will show below, this difference is likely
a consequence of the different observing conditions of the two
surveys, i.e. LAMOST DA/M binaries need to be nearer to us for
their LAMOST spectra reaching high enough S/N for determin-
ing reliable stellar parameters. Rebassa-Mansergas et al. (2010)
showed that selection effects affect differently the observed pop-
ulation depending on the distance. Thus for example, the fraction
of systems containing cool white dwarfs and/or late-type com-
panions increases for decreasing distances (Rebassa-Mansergas
et al. 2010, see their Fig. 16). In the same way, DA/M binaries
containing hotter white dwarfs and/or earlier type companions
dominate at larger distances. Given that (1) due to selection ef-
fects the DA/M binary observed population depends on the dis-
tance considered and (2) the LAMOST and SDSS DA/M binary
distance distributions are considerably different, all SDSS DA/M
binaries located at distances larger than 450 pc (the upper limit
distance of the LAMOST DA/M binary sample) were not further
considered. The total number of LAMOST and SDSS DA/M bi-
naries used in this analysis was thus 48 and 398, respectively.

The middle four left panels of Fig. 8 show the white dwarf
parameter and the secondary star spectral type normalised distri-
butions of our 48 LAMOST DA/M binaries. For comparison, we
also show the normalised stellar parameter distributions of the
398 SDSS DA/M binaries. In order to compare quantitatively the
two populations we applied Kolmogorov-Smirnov (KS) tests to
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Fig. 8. From top to bottom: normalised distributions (solid line for LAMOST DA/M binaries, dashed line for SDSS DA/M binaries) of distance,
white dwarf mass, effective temperature and surface gravity, spectral type of the companion star and g−r colour. Kolmogorov-Smirnov probabilities
resulting from comparing the stellar parameter determinations from both samples are indicated in the right panels.

the white dwarf parameter cumulative distributions, and apply a
χ2 test to the cumulative spectral type distributions (right panels
of Fig. 8). We obtained a χ2 probability of 0 and KS probabil-
ities of 0.02 (effective temperature), 0.39 (surface gravity) and
0.26 (mass).

We mentioned above that, due to selection effects, the ob-
served DA/M binary population depends on the distance consid-
ered. Thus, Rebassa-Mansergas et al. (2010) demonstrated that
the fraction of SDSS DA/M binaries containing relatively cool
(<∼10 000 K) white dwarfs and/or late type (>∼M4) companions
increases for decreasing distances. This is simple to understand:
cool white dwarfs (late companions stars) become too faint to
be detected at large distances, however are easily accessible at
shorter distances such as those considered here (∼50–450 pc).
This effect can clearly be seen in the spectral type and white
dwarf effective temperature distributions of SDSS DA/M bina-
ries (Fig. 8), which contain a large number of such systems. In
contrast, the LAMOST DA/M binary population is dominated
by hotter white dwarfs and earlier type companions. This may
be a consequence of the different target selection criteria used
by the two surveys. However, we have shown that g− r >∼ 0.7 for
∼40 per cent of LAMOST and ∼30 per cent of SDSS DA/M bi-
naries (Sect. 3.3), typical colours of systems containing cooler
white dwarfs and later-type companions (Rebassa-Mansergas
et al. 2010). Therefore, the fraction of such systems in LAMOST
should actually be larger than in SDSS, which is not the case
(see also the bottom panels of Fig. 8). It is important to keep in
mind that we are considering in this analysis only LAMOST and

SDSS DA/M binaries with spectra of S/N higher than 12, a con-
dition that seems to exclude a large number of LAMOST DA/M
binaries containing cool white dwarfs and late-type companions.
We explain this as followed.

The average seeing conditions of Xinglong Observing
Station, where LAMOST is located, are considerably worse than
in Apache Point Observatory, the observational site of SDSS.
Hence larger exposures are needed for LAMOST to reach the
same S/N as SDSS would if both surveys observed the same sys-
tem. However, the exposure times used by LAMOST and SDSS
are roughly similar (typical exposure times are 30–90 min, de-
pending on the considered plate), hence the LAMOST spectrum
of a given DA/M binary would generally have a lower S/N as
compared to an SDSS spectrum of the same system. Thus DA/M
binaries containing cool white dwarfs and late type companions
that are easily observed by SDSS at ∼50–450 pc are generally
either too faint for LAMOST to be observed, or LAMOST ob-
served them and the resulting spectra are of too low S/N for ob-
taining reliable stellar parameters (i.e. they are excluded from
this analysis). This reflects in the peak at M3–4 in the spec-
tral type distribution of SDSS DA/M binaries shifting to M2–
3 for LAMOST DA/M binaries, and in the lack of late-type
(>M6) companions. In the same way this effect explains both
the scarcity of white dwarfs cooler than Teff <∼ 15 000 K and the
pronounced peak at Teff ∼ 15 000–20000 K in the white dwarf
effective temperature distribution of LAMOST DA/M binaries.
This naturally explains the null χ2 and very low (∼2.4 per cent)
KS probability obtained when comparing the secondary star
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Table 3. Na Iλλ 8183.27, 8194.81 absorption doublet and Hα emission radial velocities measured for the LAMOST DA/M binaries.

Name HJD RV(NaI) Err RV(Hα) Err Telescope
[days] [km s−1] [km s−1]

J002952.22+434205.8 2 456 266.01670 31.90 11.58 57.23 11.69 LAMOST
J002952.22+434205.8 2 456 266.03649 35.86 12.11 50.08 11.06 LAMOST
J004432.63+402635.2 2 455 886.07410 –34.50 15.34 – – LAMOST
J005221.55+440335.4 2 456 206.22816 8.05 14.00 – – LAMOST
J005221.55+440335.4 2 456 206.24664 21.90 15.67 – – LAMOST
J005221.55+440335.4 2 456 207.14976 – – 32.44 11.19 LAMOST
J005221.55+440335.4 2 456 207.16534 19.19 15.16 35.74 12.10 LAMOST
J005636.91+383332.6 2 455 913.98067 –0.61 11.73 – – LAMOST
J005636.91+383332.6 2 455 914.00629 3.49 11.90 – – LAMOST
J005601.44+400718.4 2 455 886.04888 –3.34 16.11 – – LAMOST

Notes. Heliocentric Julian dates and the telescope used for obtaining the spectra (either LAMOST or SDSS) are also indicated. “–” indicates that
no radial velocity is available. The complete table can be found at the CDS.

spectral type and white dwarf effective temperature cumulative
distributions of both populations (Fig. 8).

Based on the above arguments, LAMOST DA/M binaries
may be expected to also contain systematically lower-mass
white dwarfs, as low-mass white dwarfs have larger radii and
are therefore more luminous (for a given effective tempera-
ture). However, even though the fraction of such white dwarfs
is slightly larger among LAMOST DA/M binaries, the white
dwarf surface gravity and mass distributions are similar for both
LAMOST and SDSS systems (Fig. 8). This is further supported
by the KS probabilities derived by comparing the correspond-
ing cumulative distributions (∼26 per cent for the mass, and
∼40 per cent for the surface gravity distributions). At a given
temperature, a 0.4 M� white dwarf is ∼1.3 times larger than a
0.6 M� white dwarf (Bergeron et al. 1995; Rebassa-Mansergas
et al. 2011), i.e. it has a luminosity∼1.7 times larger. Conversely,
for a given surface gravity (or mass if we keep the radius fixed),
the luminosity of a 15 000 K white dwarf is ∼5 times larger than
a ∼10 000 K white dwarf. Therefore, the contribution of the ef-
fective temperature to the luminosity of a white dwarf is gener-
ally much more important than that of its radius. This fact may
explain why the population of LAMOST DA/M binaries is not
systematically dominated by systems containing low-mass white
dwarfs.

We conclude that LAMOST DA/M binaries are statistically
different than SDSS DA/M binaries. This is not a consequence of
the different target selection criteria of the two surveys, but likely
due to the observing site conditions being generally worse at
Xinglong Observing Station than at Apache point Observatory,
where the LAMOST and the SDSS telescopes are located, re-
spectively. This effect naturally explains why the LAMOST
DA/M binary population is found between ∼50–450 pc and is
dominated by systems containing hot white dwarfs and early-
type companions. However, it is important to keep in mind that
our conclusion is mainly based on the low KS and χ2 probabil-
ities obtained when comparing the LAMOST and SDSS white
dwarf effective temperature and secondary spectral type distri-
butions, respectively. Low KS probabilities may also be obtained
as a consequence of different datasets leading to different qual-
ity determinations, a possibility we cannot rule out here as the
uncertainties in the white dwarf stellar parameters derived from
LAMOST spectra are generally larger (see Fig. 6).

6. Identification of close LAMOST WDMS binaries

In this section we make use of all available LAMOST and SDSS
spectra of our LAMOST DA/M binaries to analyse the fraction

of close binaries, i.e. PCEBs, in our sample. We detect close bi-
naries via a radial velocity (RV) analysis based on multi-epoch
spectroscopy. If we detect significant (more than 3σ) RV varia-
tion we consider the system as a close binary. If we do not detect
RV variation we consider the system as a wide binary candidate.
This is because the probability exists for the RVs to sample the
same orbital phase of a PCEB, in which case we would not de-
tect RV variation; furthermore, low-inclination and long orbital
period PCEBs are more difficult to identify.

We measured the RVs fitting the Na I λλ 8183.27, 8194.81
absorption doublet and/or the Hα emission line of each spec-
trum following the method described by Rebassa-Mansergas
et al. (2008); Ren et al. (2013). This routine fits the
Na I λλ 8183.27,8194.81 absorption doublet with a second order
polynomial plus a double-Gaussian line profile of fixed sepa-
ration, and the Hα emission line with a second order polyno-
mial plus a single-Gaussian line profile. We were able to obtain
at least one RV value for 63 of our LAMOST DA/M binaries,
41 of which have available RVs measured from the Hα emis-
sion line, 46 from the Na I doublet, and 22 with RVs from both
the Hα emission line and the Na I doublet. However, only for
42 systems we did obtain at least two Na I and/or two Hα emis-
sion RVs, suitable for the detection of close binaries. The RVs
are provided in Table 3.

We detect more than 3σ Na I RV variation in four sys-
tems: J0759+3219, J0958-0200, J1054+5122 and J1649+1412.
J0759+3219 and J1054+5122 were previously identified as
PCEBs by Rebassa-Mansergas et al. (2011); Schreiber et al.
(2010). J0958-0200 and J1649+1412 are new PCEBs displaying
RV variation from LAMOST spectra obtained during the same
night. Therefore, J0958-0200 and J1649+1412 are two excellent
candidates for being short orbital period PCEBs. Furthermore,
we detect Hα emission RV variation in 8 systems: the four
mentioned above displaying also significant Na I RV varia-
tion, plus J0757+3230, J0819+0604, J1125+2905, J1347+2707.
However, the RVs measured from the Na I doublet do not differ
significantly for J0757+3230 and J1347+2707. It is worth not-
ing that Rebassa-Mansergas et al. (2008) already pointed out that
using Hα emission RVs for identifying PCEBs may not be ade-
quate in some cases, therefore we wish to emphasize that our
Hα emission RVs should be considered with caution. In par-
ticular, further Na I RVs are needed to confirm that the PCEBs
identified here solely by Hα emission RV variation are indeed
close binaries. This is definitely not the case for J0757+3230
and J1347+2707.

From the above exercise we find that 4/30, i.e. ∼13 per cent,
of our LAMOST DA/M binaries with more than two available
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Na I RVs are PCEBs. If we consider only systems with spectra
taken separated by at least one night (otherwise we are biased
against the detection of PCEBs of orbital periods longer than
∼1 day; Schreiber et al. 2010) the close binary fraction increases
to 2/6, i.e. ∼33 per cent. Although we suffer from low number
statistics, this value is similar to the PCEB fraction found among
SDSS DA/M binaries (∼21–24 per cent, Nebot Gómez-Morán
et al. 2011) and agrees broadly with the ∼25 per cent predicted
by population synthesis studies (e.g. Willems & Kolb 2004).
However, we need to take into account that the PCEB fraction
depends on the spectral type of the secondary star, as angular
momentum loss via magnetic braking is much more efficient
in decreasing the orbital separation when the secondary star is
partially convective (∼M0–3) than when it is fully convective
(∼M4–9). Therefore, DA/M binaries containing ∼M0–3 com-
panions become semi-detached faster and the PCEB fraction is
lower at these spectral types (Politano & Weiler 2006; Schreiber
et al. 2010). The secondary star spectral types of the four sys-
tems we have identified as PCEBs are M2 (J0759+3219), M3
(J0958-0200 and J1054+5122) and M4 (J1649+1412). The mea-
sured SDSS PCEB fraction at these spectral types increases from
∼20 per cent at M2 to ∼40 per cent at M4 (Schreiber et al. 2010).
Given that the LAMOST DA/M binary population is dominated
by systems containing M2–3 secondary stars (Fig. 8), the real
PCEB fraction among LAMOST DA/M binaries should not be
too far from the value obtained here of ∼33 per cent.

7. Summary and conclusions

We have developed an efficient, fast and novel method based
on the wavelet transform to identify white dwarf-main se-
quence (WDMS) binaries containing a DA white dwarf and a
M-dwarf companion (DA/M binaries) within the data release 1
of LAMOST. We find 121 of such systems, 80 of which are new
discoveries, and estimate our catalogue to contain ∼90 per cent
of all DA/M binaries observed by LAMOST. We expect the
spectra of the ∼10 per cent of DA/M binaries we missed to lack
from important data points in the areas which must be used for
the wavelet transform, to be clearly dominated by the flux of one
of the two stars, or to be too noisy for a clear identification of the
spectral features of both stellar components.

We have applied a decomposition/fitting routine to the
LAMOST DA/M binary spectra to measure the white dwarf
parameters (effective temperature, surface gravity and mass),
obtain the secondary star spectral types, and estimate the dis-
tances to our systems. We find that reliable stellar parameters
and distances can be obtained for 48 DA/M binaries having
LAMOST spectra of S/N above 12. The stellar parameter and
distance distributions are used to analyse the properties of the
LAMOST DA/M binary sample and to investigate whether or
not this population is statistically different from the SDSS DA/M
binary population, which is biased towards the detection of sys-
tems containing cool white dwarfs and early-type companions.
We find that the LAMOST and SDSS DA/M binary popula-
tions are different. However, this is not due to the different tar-
get selection criteria of both surveys, but likely a simple con-
sequence of the different observing site conditions, which are
generally worse at Xinglong Observing Station than at Apache
Point Observatory. Thus, the population of LAMOST DA/M bi-
naries is concentrated at 50–450 pc and is dominated by systems
containing hot white dwarfs and early-type companions. Even
though LAMOST also fails at identifying systems containing
cool white dwarfs, the LAMOST DA/M binary sample domi-
nated by early-type companions is an important addition to the

current sample of known spectroscopic SDSS WDMS binaries.
Forthcoming LAMOST data releases will allow us to identify
more of such systems and to thus build-up the small current sam-
ple of LAMOST (DR 1) DA/M binaries.

We have also identified four DA/M binaries in our sample
displaying significant radial velocity variation, i.e. PCEBs. Two
of these systems were previously identified as close binaries by
SDSS, the other two are new PCEBs of expected short orbital
periods. We find the fraction of PCEBs among LAMOST DA/M
binaries to be ∼33 per cent.
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