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ABSTRACT

Context. Understanding the demographics of white dwarf–main sequence (WDMS) binaries is key to uncovering the formation of var-
ious stellar exotica and refining the details of binary stellar evolution. Despite several dedicated efforts to identify unresolved WDMS
binaries, their population remains incomplete, even within a 100 pc volume-limited sample.
Aims. This study aims to identify WDMS binaries hidden within the MS of the optical color–magnitude diagram (CMD), improving
the completeness of WDMS binaries within a volume-limited sample of 100 pc.
Methods. We used near-ultraviolet (NUV)–optical CMDs to distinguish unresolved WDMS binaries from the rest of the populations.
High-precision astrometric and photometric data from Gaia DR3 and NUV data from GALEX GR6/7 were combined to construct
CMDs. Using the binary spectral energy distribution (SED) fitting algorithm within the Virtual Observatory SED Analyzer (VOSA)
tool, we estimated stellar parameters such as effective temperature, bolometric luminosity, and radii. The WD masses were determined
using WD evolutionary models. As we used the sources that were only detected in the NUV band of GALEX, this study directly
complements the majority of the previous studies.
Results. We identify 347 WDMS binary candidates within 100 pc, with 188 being newly reported. Our method predominantly identi-
fies binaries with cooler WDs (≤10 000 K) compared to previous studies. The WD masses range from ∼0.2 and 1.3 M⊙, and most MS
companions are of M spectral type.
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1. Introduction
A significant fraction of stellar sources form as components
of binary or multiple systems (Iben 1991). Depending on the
initial separation in a binary system, the massive star can sig-
nificantly influence its companion’s evolution. Thus, studying
binary stars plays a key role in understanding stellar evolution.
However, the majority of them are photometrically unresolved
binaries. In this context, multiwavelength approaches helped to
identify several white dwarf–main sequence (WDMS) binaries
(Rebassa-Mansergas et al. 2012a; Ren et al. 2018; Anguiano et al.
2022), yet the census remains far from complete, even within the
solar neighborhood. (Rebassa-Mansergas et al. 2021, hereafter
RM21). A large and homogeneous sample of WDMS binaries is
also essential for informing binary population synthesis studies,
providing meaningful constraints on several uncertain aspects of
binary stellar evolution (Toonen et al. 2017; Torres et al. 2022).

Investigating compact WDMS binaries, where the systems
go through a common envelope (CE) phase, is key to constrain-
ing the efficiency and energy budget of CE evolution (Zorotovic
et al. 2010; Rebassa-Mansergas et al. 2012b; Camacho et al.
2014; Zorotovic et al. 2014), determining the critical mass ratio
that governs stable versus unstable mass transfer (e.g., Bobrick
et al. 2017), and refining the mass–radius relation of WDs
(Parsons et al. 2017). In close compact binaries, mass accretion
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onto a WD can potentially trigger a Type Ia supernova, a key
astronomical event (Wang & Han 2012). Conversely, mass loss
from the WD progenitor, through either CE or Roche lobe
overflow, can lead to the formation of extremely low-mass white
dwarfs (ELM-WDs) with masses ≤0.3 M⊙ (Istrate et al. 2014b,a;
Nandez et al. 2015). On the other hand, in wide-orbit WDMS
binaries, both stars evolve independently without influencing
each other’s evolution, leading the more massive star to eventu-
ally become a WD (García-Berro et al. 1997; Farihi et al. 2010).
Analyzing these wide systems provides valuable insights into
the age–metallicity relation in the solar neighborhood (Rebassa-
Mansergas et al. 2016a, 2021), the secondary mass function
(Ferrario 2012), and the relationship between age, activity,
and rotation (Morgan et al. 2012; Rebassa-Mansergas et al.
2013b; Skinner et al. 2017). Therefore, studying WDMS binaries
is essential for uncovering the formation of diverse stellar
exotica and constraining the processes involved in binary stellar
evolution.

There have been several previous attempts to search for a
large number of WDMS binaries using various tools such as the
UV color–temperature relation and UV-optical color–magnitude
diagrams (CMDs) and using χ2 template-fitting techniques
or wavelet-based spectral decomposition on observed spectra,
where the hot WD contributes distinct H-Balmer lines or excess
continuum features in the blue and/or UV region. A few thou-
sand spectroscopic WDMS binaries with M dwarf companions
have been detected using the Sloan Digital Sky Survey (SDSS;
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York et al. 2000; Eisenstein et al. 2011; Rebassa-Mansergas
et al. 2012a, 2016b) and the Large Sky Area Multi-Object Fiber
Spectroscopic Telescope Survey (LAMOST; Cui et al. 2012;
Chen et al. 2012; Ren et al. 2018). The low resolution BP/RP
(XP) spectra of Gaia data release 3 (DR3) have also been
recently used to identify WDMS binaries (Rebassa-Mansergas
et al. 2025; Pérez-Couto et al. 2025; Li et al. 2025). Several
previous studies (Parsons et al. 2016; Rebassa-Mansergas et al.
2017; Anguiano et al. 2020; Ren et al. 2020) have used Teff versus
the (FUV–NUV) color relation to distinguish WDMS binaries
from the MS populations, where Teff values have been obtained
from LAMOST or the Radial Velocity Experiment (RAVE;
Kordopatis et al. 2013; Kunder et al. 2017) and UV data have
been obtained from the Galaxy Evolution Explorer (GALEX;
Martin et al. 2005). Recently, Nayak et al. (2024) and Jackim
et al. (2024) used UV and optical CMDs as a tool to separate
WDMS binary candidates from MS populations by combining
Gaia and GALEX data. Astrometric solutions from the Tycho-
Gaia astrometric solution (TGAS; Michalik et al. 2015), Gaia-
DR2 (Evans et al. 2018), and Gaia DR3 (Gaia Collaboration
2023) have also been used to identify WDMS candidates
(Andrews et al. 2022; Shahaf et al. 2023).

Despite several dedicated studies identifying unresolved
WDMS binaries, their population is still incomplete even within
a volume-limited sample of 100 pc (RM21). Through simula-
tion, RM21 showed that ≈91% of WDMS binaries are hidden
within the MS region of the optical CMD; however, their study
focused on the remaining ≈9% of the WDMS binary populations
within a 100 pc volume of the solar neighborhood located in the
gap region between WD and MS regions in the optical CMD. As
mentioned above, spectroscopic surveys in combination with UV
photometric surveys were also used to find these hidden WDMS
binaries in the MS, but all the current spectroscopic surveys are
restricted by the magnitude limit. The binary candidates found
by astrometric solutions also require further UV or spectroscopic
observations to confirm their candidature (Ganguly et al. 2023).

Recently, Nayak et al. (2024, hereafter N24) targeted a
volume-limited sample within 100 pc to reveal the hidden ≈91%
of WDMS binaries. The authors used UV and optical CMDs
by combining the data from GALEX and Gaia DR3 to iden-
tify the binaries. However, N24 considered only those sources
with both FUV and NUV detections in GALEX, which led them
to find WDMS binaries with relatively hotter WDs. Studies by
RM21 and Rebassa-Mansergas et al. (2025, hereafter RM25)
included sources where only a NUV observation or no GALEX
UV observations were present; however, the sources were con-
fined within the gap region between the WD and MS loci in the
Gaia CMD. In a recent study on single and binary WDs using
Gaia and GALEX, Jackim et al. (2024) also included the sources
that were only detected in the NUV band. However, there are
a few things that were not considered in their study and can
be included for better estimation of WDMS parameters. The
artifacts and spurious sources from the GALEX data were not
removed. Primary selection of WD binary candidates using UV–
optical CMDs does not include extinction correction. Though
extinction was included in determining the parameters of WD
binary candidates, the use of 2D extinction (Schlegel et al. 1998)
led to larger values even for the sources located within a few
100 pc where the extinction is found to be negligible (RM21;
N24). The parameter estimation of WD binaries mainly includes
the data from GALEX and Gaia, and wherever SDSS data are
available. Considering the majority of the MS companions in the
binary samples are low-mass M dwarfs, a spectral energy distri-
bution (SED) with a larger wavelength coverage including the

near-infrared (NIR) observations is necessary for the better
estimation of their parameters. Choosing the wrong extinction
values and the noninclusion of NIR observations can make a
WD binary appear as a single WD (N24). Therefore, better
constraints on the selection of data with a longer wavelength
coverage and the use of 3D extinction models are necessary
to construct a homogeneous and complete sample of WDMS
binaries and to improve the estimation of their parameters.

In this paper, we aim to identify the WDMS binaries that
are hidden within the MS of the optical CMD within a volume-
limited sample of 100 pc to improve the completeness of WDMS
binaries. Within 100 pc, photometric and astrometric solutions
are expected to be more accurate and less affected by Galactic
extinction. We used Gaia DR3 and GALEX GR6/7 data for the
initial selection of WDMS candidate binaries and implemented
several cut-off criteria to remove artifacts and sources with bad
photometry and astrometric solutions. Nevertheless, we decided
to primarily focus on the GALEX sources with no FUV detection
or with FUV detection with artifacts for this study, which makes
this work complementary to the previous studies (Ren et al.
2020; Anguiano et al. 2022; Nayak et al. 2024) where sources
with both FUV and NUV detections were considered. Identifica-
tion and parameterization of WDMS binaries, where only NUV
or no UV detections are available, are also present in the litera-
ture but the authors had studied either only the gap region of the
Gaia CMD (RM21; RM25) or only the WD region (Pérez-Couto
et al. 2025), or used the optical color–color diagram and CMDs
(Li et al. 2025) to identify the WDMS binaries. Therefore, this
work also complements the abovementioned studies. Our selec-
tion criteria also include the NUV bright MS sources located in
the gap region between the WD and MS loci in the NUV–optical
CMD, that were not included in the recent study by Jackim et al.
(2024). In our sample selection, we also included the sources
that have both FUV and NUV detection with good photomet-
ric detections as mentioned in N24, but we used only NUV
data for identification and parameter estimations. Parameters of
these sources are compared with the literature values from N24,
RM21, RM25 and Ren et al. (2020), where both FUV and NUV
data were used for parameter estimation, which gives confidence
in our estimates and in implementing our method to the sources
with only NUV detection. Finally, we examine the possibility of
contamination from active M dwarfs in our catalog, which are
also known for their excess UV emission due to stellar activity.
However, the literature suggests that such contamination is found
to be negligible in the UV and UV–optical CMDs (Anguiano
et al. 2022; Nayak et al. 2024; Jackim et al. 2024).

In Section 2, we describe the data selection criteria, as well
as the methods used to identify the WDMS binary candidates
and to estimate their stellar parameters. In Section 3, we dis-
cuss our results and a separate method to estimate WD mass
(Section 3.1, examine the contamination from chromospherically
active MS stars in our catalog (Section 3.2), compare our cat-
alog with previous studies (Section 3.3), compare our results
with optical spectroscopic surveys (Section 3.4, and determine
the completeness of our catalog (Section 3.5). We conclude our
results in Section 4.

2. Data selection and characterization

In this section, we describe the cut-off criteria to select reliable
Gaia DR3 and GALEX NUV data and the selection proce-
dures of WDMS candidate binaries in this study. Furthermore,
we also discuss the estimation of the stellar properties of both
companions of these binaries.
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Table 1. Summary of the number of sources after each data selection
criteria.

Selection criteria No. of sources

Combined FUV+NUV Only NUV

100 pc Gaia DR3 574 531 – –
Astrometric cuts 306 515 – –
GALEX match 50 985 15 098 35 887
Cuts on GALEX 30 486 7355 23 131
NUV bright 9751 2448 7303
WDMS candidates 6559 1254 5305
Well-fitted SEDs 347 100 247
New WDMS 188 15 173

2.1. Data selection

First, we used Gaia DR3 to identify the sources within 100 pc.
Then, we applied the following conditions to remove the sources
with larger photometric (fluxes in G, BP and RP bands) and
astrometric (parallax) errors1

– ϖ/σϖ ≥ 10
– IBP/σIBP ≥ 10
– IRP/σIRP ≥ 10
– IG/σIG ≥ 10,

where ϖ is the parallax in arcseconds, IG, IBP and IRP are the
fluxes in the bandpass filters G, BP and RP, respectively, and σ
are the standard errors of the corresponding parameters. We find
306 515 Gaia sources after applying the above selection criteria.
Gaia provides source coordinates in J2016.5 epoch, whereas all
the other archival UV, optical and NIR datasets are cataloged in
J2000. Therefore, we used Gaia DR3’s astrometric solutions to
convert the coordinates from J2016.5 to J2000 epoch. We then
cross-matched these sources with the GALEX GR6+7 catalog
and found 50 985 sources in common (after removing duplicates
matches) detected either in both the FUV and NUV bands or at
least in the NUV. To ensure reliable photometry, we applied qual-
ity cuts to the GALEX data, retaining only point-like sources
detected in the NUV band. Specifically, we selected sources
flagged as Nafl = 0 and Nexf = 0, thereby removing artifacts
(e.g., bright star near field edge, bad pixel etc.) and extended
sources appeared in the NUV band of the GALEX catalog 2. We
did not impose any quality cuts on the FUV detections, as the
FUV data were not used for identification or parameterization
in the present analysis. Thus, the sample includes sources with
both good and poor FUV data but reliable NUV measurements.
Identification of WDMS binary candidates having reliable pho-
tometry in both FUV and NUV bands has already been studied
by N24, therefore, this study directly complements that work.
We notice that all the selected sources have NUV photometric
errors ≤0.5 mags, so, we did not apply additional filtering crite-
ria on NUV photometric errors. Applying these source selection
criteria, we are left with 30 486 sources. The summary of data
selection is presented in Table 1.

1 Cut-offs in the renormalized unit weight error (RUWE) and astro-
metric excess noise (AEN) are often used in the literature for source
selection. We intentionally avoided using these parameters since it has
been shown that binarity may lead to high values of RUWE and AEN
(Belokurov et al. 2020).
2 http://vizier.cds.unistra.fr/viz-bin/VizieR-3?
-source=II/312

2.2. Identification of candidates

We analyzed these 30 486 sources to construct optical and NUV–
optical CMDs in absolute magnitudes plane after taking into
account the distance modulus obtained from Gaia’s DR3 cata-
log (Bailer-Jones et al. 2021) and extinctions obtained from a
three-dimensional (3D) Dust Map (MWDUST 3; Drimmel et al.
2003; Marshall et al. 2006; Bovy et al. 2016; Green et al. 2019).
We used these CMDs as a tool to identify WDMS binary candi-
dates. The left panel of Figure 1 shows the NUV-optical CMD
(NUV–BP versus NUV) of all the sources of interest. Cyan and
black lines represent isochrones of ages 100 Myr and 1 Gyr,
respectively, generated using the MIST isochrone package
(Dotter 2016; Choi et al. 2016) to demonstrate the MS and
post-MS (gray asterisks), and WD evolutionary sequences as ref-
erences. The blue asterisks and green circles both indicate the
NUV bright populations that include WD and the sources fall in
the gap region between the WD and MS populations, separated
by the red lines using the following photometric cuts:

– NUVabs > 1.8 × (NUV − BP)abs + 3.0
– NUVabs > 4.0 × (NUV − BP)abs − 14.0.

We marked these NUV bright sources in the optical CMD, as
shown in the right panel of Figure 1, to check whether they
are distributed in similar evolutionary sequences or not. We
noticed that the hot NUV-bright population identified in the
NUV−optical CMD divided into two distinct groups in the opti-
cal CMD separated by the red line defined as Gabs = 4.25 ×
(BP − RP)abs + 9.75. The blue asterisks represent the WD popu-
lations, while a large fraction (∼65%) of the NUV-bright sources
marked as green circles show up in the MS region and a few in
the gap region between the MS and the WD cooling sequence.
This suggests that the sources marked as green are the poten-
tial unresolved WDMS binary candidates. When the WD mainly
contributes to the UV and the MS to the optical, the source
appears among the hot WDs and in the gap region in the NUV–
optical CMD, but shows up among the MS stars in the optical
CMD. However, if the WD also contributes to the optical, the
source might appear in the gap region between the MS and the
WD cooling sequence in the optical CMD. We identified 6559
candidates based on this shift in CMDs within our sources of
interest.

2.3. Characterization of WDMS binaries

To confirm whether these 6559 candidates are indeed WDMS
binaries and to determine their stellar parameters, we further
analyzed their SEDs. To construct observed SEDs of the WDMS
candidates ranging from UV to NIR wavelengths, we first cross-
matched them with following surveys: APASS DR9 (Henden
et al. 2015), PanSTARRS-DR2 (Magnier et al. 2020) and SDSS
DR16 for optical, and 2MASS (Skrutskie et al. 2006) and ALL-
WISE (Wright et al. 2010) for NIR observations. We did not get
any crossmatch for only one source and we proceeded with 6558
candidates for SED analyses. We used the virtual observatory
SED analyzer’s (VOSA; Bayo et al. 2008) in order to construct
observational SEDs, to fit the observed SEDs with combined
theoretical models of WD and MS using binary fit algorithm
and to extract the best-fit stellar parameters for both companions
simultaneously.

We used the BT-Settl-CIFIST models (Baraffe et al. 2015)
for the MS star. For our purposes, we used the full range for
Teff (1200–7000 K) available in VOSA but restrict ourselves to

3 https://github.com/jobovy/mwdust

A114, page 3 of 14

http://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/312
http://vizier.cds.unistra.fr/viz-bin/VizieR-3?-source=II/312
https://github.com/jobovy/mwdust


Nayak, P. K.: A&A, 709, A114 (2026)

Fig. 1. CMDs for sources within 100 pc in the absolute plane after correcting for distance modulus and extinction, where the subscript “abs” stands
for absolute magnitude. In both of the panels, isochrones of 100 Myr (cyan line) and 1 Gyr (black line) are overlaid to indicate the evolutionary
sequences, and the gray asterisks indicate MS and post-MS populations. Left: UV-Optical CMD (NUV−BP versus NUV). The red line separates
the hotter and NUV-bright sources (blue asterisks, green circles and orange plus) from the others (gray asterisks) on the NUV-optical CMD. Right:
optical CMD (BP–RP versus G). The red line separates the blue asterisks (WD populations) from the rest of the NUV-bright sources (green circles
and orange plus) that are located on the MS or with within the gap region between WD and MS. These green circles represent WDMS binary
candidates. Orange plus highlights the candidates for which we could fit observed SED from UV to IR with WDMS composite model fluxes using
the VOSA tool.

4.5 ≤ log g ≤ 5.5 since MS stars are expected to have log g
within this range. We used WD evolution models of Koester
(2010) included in the VOSA toolkit which provides spectra
for H-rich WDs. We considered the full range of Teff (5000–
80 000 K) and log g (6.5–9.5) for WD models. Since our sources
are all within 100 pc by selection, we considered solar metal-
licity for all of them. VOSA performs multiple iterations by
varying Teff , log g, and scaling factor (Md) to minimize χ2 to
find the best-fit spectra to the observed flux distribution. The
scaling factor Md ≡ (R/D)2 is used to scale the model flux
to match the observed flux, where R and D denote the radius
and distance of the source. In our exercise, since the distance
is already known from Gaia, the scaling factor gives us the
radius.

VOSA provided best-fit stellar parameters (Teff , log g, lumi-
nosity, radius of both the components) using a χ2 minimization
technique for 6556 candidates and it was unable to provide a
solution for only two candidates because of the small number
of data points. However, unlike in the study of N24, where
both FUV and NUV data (representing the WD component of
a binary) were used for SED analyses, in the present work only a
single data point, the NUV flux, is present in the UV region.
Although, the presence of excess emission in the NUV band
suggesting that these sources are most probable WDMS binary
candidates, fitting WD theoretical model spectra mainly to one
UV data point can lead to degenerate or poorly constrained of
the WD parameters estimation, particularly when combined with
the dominant optical–NIR flux from the main-sequence star. To
reduce such degeneracies, we introduced a selection step. For
each source, we examined the fractional residual flux ( fresidue),
defined as the fractional difference between the observed and
model-predicted flux ((Fλ,obs − Fλ,model)/(Fλ,obs)), where Fλ is
the observed flux at waveband λ and subscripts “obs” (“model”)
denotes the observed (best-fit model) flux. We selected those

candidates for which the fresidue exceeded 50% in both the NUV
band and in the next bluest optical band with respect to the BT-
Settl-CIFIST model spectra representing single main-sequence
stars4.

However, we note that the implementation of the selection
criterion on fresidue introduces a selection bias toward WDMS
binaries hosting cooler white dwarfs and late-type MS compan-
ions (i.e., K and M dwarfs). The GALEX NUV band, with an
effective wavelength of λeff ≈ 2316 Å, is primarily sensitive to
blackbody temperatures of ∼10 000–16 000 K, as inferred from
Wien’s displacement law (λmaxT = 2.897 × 10−3,m,K). Con-
sequently, our method is expected to detect WDs preferentially
cooler than ∼16 000 K, while the parameter estimation for hot-
ter WDs is expected to carry larger uncertainties due to lack of
FUV data point. In addition, this selection criterion requires that
the bluest optical band remains dominated by WD flux, which in
turn biases the MS companions toward later spectral types. Con-
sidering the bluest optical point to be the Pan-STARRS g band,
with λeff ≈ 4810 Å (corresponding to blackbody temperatures
of ∼5300–7200 K via Wien’s law), the companion stars in our
sample are expected to be cooler than ∼5000 K, corresponding
predominantly to K–M spectral types.

As reported in the literature (RM21; N24), smaller observa-
tional errors often lead to higher χ2 values despite the visual
4 VOSA output provides best-fitted model fluxes for both WD and MS
model spectra. It also provides best-fitted combined flux from WD and
MS model spectra. In this case, we used Fλ,model as MS model (BT-
Settl-CIFIST) spectra for respective bands, NUV and the next bluer
optical band to NUV. Using this criterion, we identified 1417 sources
that exhibit significant flux excess relative to the single-star MS model.
These sources likely contain an additional hot component, consistent
with a WD and therefore cannot be explained by a single main-sequence
star spectrum alone. In this way, we got at least two data points included
the WD model spectra fitting.
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Fig. 2. Two examples of well-fitted SEDs of WDMS binaries. Index number as per Table A.1, Gaia DR3 source ID, the values of AV , χ2
red, Vgf and

Vgfb are mentioned on top of each panel. Top panel: cyan points (with blue errors) denote the observed flux from UV to IR. The observed data
points with upper-limit on flux or unreliable detections are marked as asterisks, and they are not included in the fit. The black (gray) line represents
the best-fit synthetic spectra of WD (MS). The red points indicate the expected combined model fluxes from the best-fit synthetic spectra. Bottom
panel: fractional residue fluxes are shown in different bands. The blue and red dashed lines represent 50% and 100% residue flux, while the black
line represents zero residue. There is excellent agreement between the cyan and red points, and less than 50% residue fluxes in every band indicating
a well-fitted SED.

inspection suggesting them to be well-fitted SEDs. Conversely,
visually inspected badly fitted SEDs can also have smaller χ2

due to larger photometric errors. Therefore, following RM21 and
N24, we implemented two criteria for the goodness of the fit:

Vg fb < 15 Vgfb is called the visual goodness of fit, intro-
duced in the VOSA by modifying the χ2

red
formula, where the error is considered to be
at least 10% of its observed flux5.

| fresidue|< 0.5 absolute fractional residual flux (| fresidue|) is
defined as |(Fλ,obs − Fλ,model)/(Fλ,obs)|. Here
Fλ,model corresponds to best-fitted combined
flux of WD and MS theoretical model spectra
at the corresponding waveband λ. The NUV
data and the next bluest optical optical band
data must individually satisfy this criterion.
In addition, in the optical-IR region, more
than 80% of the data points must satisfy this
criterion.

Therefore, we consider the SEDs to be well-fitted by the the-
oretical models when the sources satisfy both the Vgfb and the
fresidue criteria simultaneously. We find that there are 361 candi-
dates with well-fitted SEDs out of 1417. The SEDs of the other
1056 candidates could not be fitted well with WDMS composite
model spectra using VOSA according to our criteria. The poor
fit to the rest of the candidates to the WDMS binary model could
be due to various factors, including, but not limited to, inaccu-
rate cross-matching, UV excess originating from stellar activity
of the MS star rather than a WD, or contamination from nearby
stars in the optical/IR.

In Figure 2, we show the SEDs of two well-fitted WDMS
binaries. Observed fluxes in different filters are represented as
cyan points with blue error bars. The asterisks symbols denote
bad photometric data points with artifacts or upper-limit flux val-
ues, and these data points are not included in the fit. The black
and gray spectra represent the best-fit WD and MS models to the
5 http://svo2.cab.inta-csic.es/theory/vosa/helpw4.php?
otype=star&action=help

observed SEDs, respectively. The combined model fluxes in the
respective filters are represented by red points and linked with a
red dashed line. The best-fitted parameters for WD and MS are
noted in the legend. Gaia DR3 source ID, χ2

red, Vgf, Vgfb, and
AV values are also noted at the top of each plot. fresidue values in
respective bands are shown in the bottom panel of each plot. The
match between the cyan and red points, and fresidue of less than
50% in all the bands indicate goodness of fits based to our crite-
ria. However, upon visual inspection of all 361 well-fitted SEDs,
we find that some fits exhibit one of the following issues: the UV
region is fitted with an MS SED model while the optical–NIR
region is fitted with a WD SED model, leading to a hotter tem-
perature for the MS companion than for the WD (left panel of
Figure 3); the temperature difference between the MS and WD
components is only a few 100 K, comparable to the uncertainty
in temperature; only a few photometric points are used to fit the
MS component of the SED (right panel of Figure 3); or the NIR
photometric bands are over-fitted. We further excluded 14 such
sources from well-fitted SEDs catalog due to one of the above
reasons. The right panel of Figure 3 demonstrate a perfect exam-
ple on the importance to the inclusion of NIR data in the SED
analysis for proper estimation of parameters.

Therefore, we finally catalog 347 candidate WDMS binaries
with well-fitted SEDs. The catalog of 347 candidates is avail-
able on Zenodo and at the CDS with the following information:
Gaia DR3 and GALEX IDs, stellar parameters, and the values
of χ2

red, Vgfb, and | fresidue| in the NUV and the next bluest opti-
cal bands. A representative part of the catalog is presented in
Table A.1. We also provide the catalog of 1070 badly fitted candi-
dates on Zenodo and at the CDS containing their positions, Gaia
DR3 and GALEX IDs. SEDs of all the well-fitted WDMS binary
candidates as well as badly fitted candidates are also available
on Zenodo and at the CDS. We also provide a separate catalog
of all the 6559 UV bright sources, identified based on shift in
the CMDs (blue points in the Figure 1), that includes coordi-
nates, IDs and magnitude of all photometric surveys used in this
study.

A114, page 5 of 14

http://svo2.cab.inta-csic.es/theory/vosa/helpw4.php?otype=star&action=help
http://svo2.cab.inta-csic.es/theory/vosa/helpw4.php?otype=star&action=help
https://zenodo.org/records/19270085
https://zenodo.org/records/19270085
https://zenodo.org/records/19270085


Nayak, P. K.: A&A, 709, A114 (2026)

Fig. 3. Same as Figure 2 but for two representative examples of badly fitted SEDs of WDMS candidate binaries. Index number as per the online
catalog at the CDS, Gaia DR3 source ID, the values of AV , χ2

red, and Vgfb are mentioned at the top. In the case of source 415 (left), the model
spectra are unable to fit the observed flux for majority of data points despite their residual flux ≤50% and Vgfb value < 15. For source 416 (right),
though the model spectra nicely fit the observed fluxes in the UV and optical region but only a couple of observed data points are fitted with MS
spectrum due to lack of data points in the NIR regions, hence the fit is not reliable.
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Fig. 4. Distribution of Teff for the WDs (blue) and MS (orange) stars in
our candidate WDMS binaries. The median, 25th, and 75th percentiles
for the MS s (WD) is Teff/K = 3100+100

−200 (6250+2000
−750 ).

3. Results and discussion

We could fit the observed SEDs using composite model spectra
of WDMS binaries for 347 sources and are marked with orange
plus signs in Figure 1. WDMS binary fits using the VOSA tool
provide us with best-fit stellar parameters for both companions.
In particular, Teff and radius estimates from SEDs are robust
(Bayo et al. 2008). All stellar properties of each source are sum-
marized in Table A.1. We show the distributions of Teff and radii
for the MS stars (orange) and the WDs (blue) in Figure 4 and
Figure 5. We find that in our sample, the MS (WD) stars have
Teff/K = 3100+100

−200 (6250+2000
−750 ). The corresponding numbers for

the radii of the MS (WD) stars are log(R/R⊙) = −0.40+0.14
−0.18

(−1.82+0.39
−0.28)6. We find that most of the MS components in our

catalog of WDMS binaries are M spectral types based on the
Teff versus spectral type relation (Pecaut & Mamajek 2013).

6 The numbers in all cases denote the median. The lower and upper
errors denote the 25th and 75th percentiles, respectively.
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Fig. 5. Same as Figure 4, but showing the stellar radii for WDs (blue)
and MS stars (orange). The median, 25th, and 75th percentiles for the
MS stars (WDs) is log(R/R⊙) = −0.40+0.14

−0.18 (−1.82+0.39
−0.28).

3.1. WD mass

The SED fitting process is found to be less sensitive to log g7,
however, mass estimation is dependent on log g. Therefore, a
small change in the log g value can introduce a significant varia-
tion in mass estimations. Therefore, instead of directly using the
log g values obtained from VOSA, we considered the WD evo-
lutionary models created by Bédard et al. (2020) to calculate the
masses of WDs. We assume that the WDs in our sample have CO
cores with Hydrogen atmospheres. We used Teff and bolometric
luminosity (LWD) of the WDs obtained from our SED fittings as
inputs to the WD evolutionary models to estimate their masses
and cooling ages.

In Figure 6, we show LWD as a function of Teff for the WDs
in our sample with black dots. WD cooling tracks from mod-
els (Bédard et al. 2020) are overlaid. The cooling tracks are

7 Check the Section 5.1 in VOSA help page https://svo2.cab.
inta-csic.es/theory/vosa/helpw4.php?otype=star&what=
intro#
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Fig. 6. Teff versus LWD. Model cooling sequences for CO WDs with
a Hydrogen atmosphere are shown where the color code denotes WD
mass Bédard et al. (2020). The black, orange and red points are the
WDs identified in this work, N24 and in RM21, respectively.

color-coded with WD mass. In general, for the same cooling age,
lower-mass WDs would have lower Teff . On the other hand, over
time, the WDs would cool along the sequences shown in the fig-
ure for any particular mass. We estimated the masses of the WDs
from the model cooling tracks using linear interpolation.

We identify 121 candidate WDs in our sample with lumi-
nosities (LWD) exceeding the model evolutionary tracks. These
WDs are likely to have lower masses than the 0.2 M⊙ limit in
CO-core WD models by Bédard et al. (2020). Additionally, we
find 56 candidate WDs with LWD below the model evolutionary
tracks. Consequently, we were unable to estimate the masses of
these WD candidates, as we chose not to extrapolate beyond the
model limits.

We could estimate masses for 170 WDs and they are dis-
tributed in the range ∼0.2–1.3 M⊙ (Figure 6). The individual
masses of these candidate WDs are listed in Table A.1. Out of
170 candidates, we identify 16 (∼9%) ELM-WDs with masses
≤0.3 M⊙. Detecting ELM-WDs is extremely challenging due to
their low luminosity and low-mass companions. RM21 reported
35 (∼31%) ELM-WDs and N24 reported 5 (∼8%) ELM-WDs
with MS companions in 100 pc volume. The fraction of ELM-
WDs identified in this work (∼9%) is consistent with the value
reported by N24 (∼8%), but significantly lower than the ∼31%
reported by RM21. This discrepancy likely arises from differ-
ences in sample selection. RM21 focused exclusively on sources
located in the gap region between the WD and MS in the optical
CMD. In contrast, both this study and N24 include sources pre-
dominantly located on the MS with a small fraction residing in
the gap region. Hence, differences in sensitivity to cooler WDs
might have contributed to the variation in reported fractions.

Of the 16 ELM-WDs, only one (759601941671398272) was
previously classified as DC+M4.5Ve WDMS binary based on
SIMBAD. Nine out of 16 ELM-WDs have been previously iden-
tified by Jackim et al. (2024); Li et al. (2025), while seven
ELM-WDMS binaries are newly identified in this study. We
also find a single epoch spectroscopic observation of one source
(2246676707976104960) in the SDSS-V survey. The spectrum
shows H-Balmer emission lines with no prominent excess flux
in the bluer part of the spectrum. Previous spectroscopic sur-
veys, such as the SDSS magnitude-limited sample (Rebassa-
Mansergas et al. 2010, 2012a, 2013b) cataloged only a few
ELM-WDs with MS stars as their companion. A recent study
by Jackim et al. (2024) cataloged more than 900 potential

ELM-WDs within binary systems. Although many ELM-WD
candidates have recently been detected (Jadhav et al. 2019,
2023; Subramaniam et al. 2020; Khurana et al. 2023; Sidharth
et al. 2024), their formation channels remain poorly under-
stood. Further spectroscopic follow-up and population studies
are necessary to better understand their formation processes.

3.2. Contamination from active M dwarf stars

As shown in Figure 6, the WDs in several WDMS candidates
lie outside the WD cooling sequence and their MS compan-
ions mostly belong to the M dwarf populations. Since M dwarf
stars are known to have chromospheric activities that cause the
presence of excess emission mainly in the UV regions (Martínez-
Arnáiz et al. 2010; Boro Saikia et al. 2018; Gomes da Silva et al.
2021). The reconfiguration of strong magnetic fields in the outer
atmosphere of these low-mass M dwarf stars can also lead to the
release of large amounts of energy in X-rays and UV in the form
of eruptions or flares (Vallée 2003; Samus’ et al. 2017). If the
GALEX observations were obtained during the flaring event, we
get the wrong estimations of the sources’ magnitudes. Therefore,
active M dwarf stars can mimic WDMS binary candidates in the
NUV-optical CMD. There have been extensive studies dedicated
to understanding the phenomenon of stellar flares and chro-
mospheric activities using X-ray, UV and optical observations
(Martínez-Arnáiz et al. 2010; Boro Saikia et al. 2018; Gomes da
Silva et al. 2021; Newton et al. 2017; Brasseur et al. 2019; Rekhi
et al. 2023; Li et al. 2024). We compared our catalog with lit-
erature studies to find if we misclassified any active M dwarf as
WDMS binary.

Boro Saikia et al. (2018) studied the chromospheric activity
of 4454 cool stars, combining archival HARPS spectra and mul-
tiple other surveys. However, there are no crossmatch with our
catalog. We did not find any match with the catalog by Gomes
da Silva et al. (2021), where the authors studied the chromo-
spheric activity of 1674 FGK stars using the HARPS archival
data. We also did not find any match with Martínez-Arnáiz et al.
(2010), which presented spectroscopic analysis of chromospheric
activity for nearby (d<25pc) cool (spectral types F to K) stars.
Newton et al. (2017) presented an optical spectroscopic study
of 2202 low mass (between 0.1 and 0.6 M⊙) stars in the solar
neighborhood to study their stellar flares activity and only one
source is in common with our catalog. We found no match with
Brasseur et al. (2019), where the authors detected short duration
(<5 minutes) NUV flares of ∼1000 stars using GALEX data. We
did not find any crossmatch with Yang et al. (2017), where the
authors studied the flaring activity of 540 M dwarfs in the Kepler
field. Medina et al. (2020) presented a spectroscopic study of
stellar flares in 125 low mass stars (between 0.1 and 0.3 M⊙)
within 15 pc volume, we did not find any common sources with
our catalog. We find one match with Li et al. (2024) and no match
with Rekhi et al. (2023) where the authors studied the flares
and chromospheric activity of M dwarfs using GALEX data.
Therefore, we find two sources in our catalog that are previously
cataloged as active MS stars.

Active MS stars are also expected to have X-ray counterparts.
We checked for their X-ray counterparts in various catalogs and
found seven matches in Chandra (Evans et al. 2010), 13 matches
in XMM-Newton (Saxton et al. 2008; Webb et al. 2020), and
12 matches in ROSAT all-sky survey data (Boller et al. 2016).
In total, we get X-ray counterparts for 27 sources in our cata-
log. In Figure 7, we overlaid the active MS stars located within
100 pc from the catalogs by Boro Saikia et al. (2018); Newton
et al. (2017); Gomes da Silva et al. (2021) and those 27 WDMS
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Fig. 7. Comparison of the location of WDMS binary candidates with
active MS stars and X-ray-detected WDMS candidates in the NUV-
optical CMD.

candidates with X-ray counterparts on NUV–optical CMD to
investigate their location in the CMD and assess the potential
contamination of these stars in our catalog. We also highlighted
the WDMS candidates where we could not estimate the masses
of WDs (blue open boxes). The figure shows that a large frac-
tion of WDs with no mass estimations are located in the 5.5 ⪅
(NUV–BP) ⪅ 8 color range, close to the MS branch. Majority
of WDMS candidates with X-ray counterparts are also located
in this color range. While active MS stars are mainly located on
the MS branch in NUV−optical CMDs as well with a few in the
above color range. If we impose a cut-off on (NUV–optical) color
and consider only the sources hotter than (NUV–BP)abs = 5.5, the
number of binary candidates with well-fitted SEDs decreases to
∼54% than the original catalog (187 sources). The fraction of
WDs without mass estimates decreases to ∼40% (74 out of 187),
compared to ∼51% (177 out of 347) in the full sample. Similarly,
the fraction of sources with X-ray counterparts decreases to ∼6%
(11 out of 187) relative to ∼8% (27 out of 347) in the original
catalog. We find that adopting a stricter (NUV–optical) color cut
does not lead to a statistically significant reduction in contami-
nation. Therefore, we conclude that a small fraction of WDMS
candidates in our catalog might be contaminated by active MS
stars.

Spectroscopic observations are required to better distinguish
WDMS binaries from the active MS stars. We crossmatched
these 27 X-ray detected sources with LAMOST DR11 catalog
and found 12 in common. Gaia DR3 2560009007603950720 is
categorized as DC+M WDMS binaries in the catalog. Ten out
of the rest 11 sources exhibit strong H-Balmer emission lines
(Hβ, Hγ, Hδ, Hϵ). Five of them appears to have variation in the
emission strength in multi-epoch observations, suggesting that
the emissions could be coming from close or interacting bina-
ries. However, these emissions can also come from the active
M dwarf due to flaring activity. A more dedicated spectro-
scopic study to quantify the strength, presence UV excess and
period of variability is necessary. Followup deep FUV photo-
metric observations will also be beneficial in separating these
two populations (Anguiano et al. 2022). However, it is important
to note that the presence of stellar activity in an M dwarf does
not directly rule out the possibility of having a WDMS binary, as
post-common envelop systems with active M-stars are reported
in the literature (Muirhead et al. 2013).

3.3. Comparison with previous WDMS catalogs

The recent WDMS catalogs focused on a volume-limited sam-
ple of 100 pc within the solar neighborhood are provided by
RM21 and N24. RM25 recently extended the study of RM21
to a few kpc to generate a magnitude-limited catalog of 1312
WDMS binaries having Gaia XP spectra and provided stellar
parameters for 435. Out of 1312 sources, 90 are within 100 pc
with stellar parameters provided for 19 sources. These studies
also performed binary SED analyses to derive stellar parame-
ters. While N24 focused on sources with both FUV and NUV
observations, RM21 and RM25 also included sources with only
NUV or without UV data. A comparison between our results and
those from these works provides an additional check on the reli-
ability of our estimates and methodology. We find 18 crossmatch
with N24, 29 with RM21, and 31 (but parameters estimated for
16) with RM25. In Figure 8, we compared WD temperature (top
panel), MS temperature (middle panel) and WD mass (bottom
panel) of these common sources. The solid lines in all the pan-
els correspond to 1:1 relation, while the dashed lines represent
deviation boundaries to our estimates: ±0.05 in log scale for WD
temperature, ±0.015 in log scale for MS temperature, and ±0.1
M⊙ for WD mass. We found that both WD and MS tempera-
ture estimations are in good agreement with literature estimates
within the deviation boundaries. When we inspect SEDs of the
sources having relatively larger deviation with RM21 in lower
temperature regime, we noticed that observed SEDs are badly
fitted in RM21 and do not satisfy the goodness criteria defined
by us as well as by N248. Our SED fittings provided better results
than RM21 for these sources, that could be due to the recent
upgrade to fitting method in the VOSA tool, namely, detection of
outliers among the photometric data before the SED fitting and
improved calculation of the total flux in the chi-square fitting
(details can be found on the VOSA website).

In the higher temperature regime, we have one source com-
mon with N24 that shows a significant deviation, with our
analysis overestimating the WD temperature. This discrepancy
highlights the importance of FUV observations for accurately
constraining very hot WDs (Teff ≳ 20 000 K; log T ≳ 4.3),
whose SEDs peak at shorter wavelengths than NUV band. As
mentioned earlier in the section 2.3, our selection method is
intrinsically biased toward detecting the WDMS binaries with
cooler WDs, due to relying solely on NUV band in the UV
regime, which is primarily sensitive to temperatures of ∼10 000–
16 000 K. As a result, we noticed that temperature estimates for
hotter WDs are less well constrained and tend to be systemati-
cally overestimated. We identified 16 WDMS binary candidates
in this regime whose WD parameters should be treated with cau-
tion and would benefit from follow-up FUV observations, which
are sensitive to hotter WD temperatures (≲40 000 K). As the
deviation in the estimation of WD temperature also reflected
in the estimation of WD mass, producing systematically higher
masses with an average offset of ∼0.1 M⊙, while temperatures
of MS companions remain comparatively less affected. We infer
that follow-up observations with upcoming UV missions like
INdian Spectroscopic and Imaging Space Telescope (INSIST;
Subramaniam 2022; Sriram et al. 2023), the Ultraviolet Explorer
(UVEX; Kulkarni et al. 2021), and The Cosmological Advanced
Survey Telescope for Optical and UV Research (CASTOR; Cote
et al. 2019), which offer coverage in both FUV and NUV,

8 Check out the SEDs of these Gaia DR3 IDs (2155188926705745536,
2630815357409558400, 3668430081179262208,
4384149753578863744, 6182278665776280320, in http://svocats.
cab.inta-csic.es/wdw4/index.php?action=search

A114, page 8 of 14

https://svo2.cab.inta-csic.es/theory/vosa/helpw4.php?otype=star&action=help&what=news
http://svocats.cab.inta-csic.es/wdw4/index.php?action=search
http://svocats.cab.inta-csic.es/wdw4/index.php?action=search


Nayak, P. K.: A&A, 709, A114 (2026)

4.6

4.8

3.6 3.8 4.0 4.2 4.4
3.6

3.8

4.0

4.2

4.8 5.0
log (Teff, WD

K )This study

lo
g (

T e
ff,

W
D

K
) Li

te
ra

tu
re

±0.05

3.35 3.40 3.45 3.50 3.55 3.60
log (Teff, MS

K )This study

3.35

3.40

3.45

3.50

3.55

3.60

lo
g (

T e
ff,

M
S

K
) Li

te
ra

tu
re

±0.015
N24
RM21
RM25

0.2 0.4 0.6 0.8 1.0 1.2
(MWD

M )This study

0.2

0.4

0.6

0.8

1.0

1.2

(M
W

D
M

)Li
te

ra
tu

re

±0.1

Fig. 8. Comparison of WD temperature, MS temperature, and WD
mass with the literature estimations. The solid lines in all the panels
represent 1:1 relation, while the dashed lines are deviation boundaries
to our estimates.

will significantly improve in constraining the WD parameters.
In addition, their deeper photometric limits (2–4 magnitudes
beyond GALEX), in particular the UVEX in wide-field survey
mode, will help us in detecting even fainter WDMS systems and
improve sample completeness in the solar neighborhood.

In Figure 9, we compare the distribution of our estimated
mass, radius, and Teff of the WDs with those found in RM21
(orange) and N24 (black). The figure shows that peak in Teff dis-
tribution in our study is found to be cooler than N24 while peak
in the radii distribution is found to be similar to RM21 and N24.
The figure also shows that our detected WDs have similar mass
distribution to that found in N24 but more massive than those
detected in RM21.
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Fig. 9. Comparison of properties for WDs identified in this work (blue),
RM21 (orange), and N24 (black). From top to bottom, we show distri-
butions of radius, Teff , and mass, respectively.

Recently, Jackim et al. (2024) provided the most extensive
catalog of single and binary WD using Gaia and GALEX data,
where the authors selected the WD from UV and NUV-optical
CMDs and search for their companions in the non-WD regions
on optical CMD. We find 154 common sources with their cat-
alog, nine of them were reported as single WD. However, out
of these nine, two sources Gaia DR3 2560009007603950720
and Gaia DR3830644063706298496 are categorized as DC+M
and DA+M WDMS binaries, respectively, while Gaia DR3
704748371716051072 shows signature of WDMS binaries in one
of the two epoch of observations in the LAMOST DR11 optical
spectroscopic catalog (see Section 3.4). The SED corresponds
to Gaia DR3 ID 2560009007603950720 is also shown in the
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right panel of Figure 2, which clearly shows the presence NIR
excess and highlights the significance of multiwavelength stud-
ies in detecting and characterizing WDMS binaries. WD Teff for
the common sources are found to be a good match following a
1:1 relation except for a few candidates, while WDs in our cata-
log appear relatively more massive than that estimated by Jackim
et al. (2024). We notice that the use of higher extinction values
and not inclusion of the NIR data points could be the reasons
for the deviation in the estimated parameters and for defining
the two binaries as single WDs. Since sources in this work are
located within 100 pc, extinction is expected to be negligible as
found in the MWDUST 3D extinction map solution. However,
Jackim et al. (2024) used a 2D extinction map from Schlegel
et al. (1998), which provides significantly larger extinctions for
these solar neighborhood sources. As the UV region is more sen-
sitive to extinction, the use of higher extinction values will make
the intrinsic luminosity of the WD brighter and less massive on
the WD cooling sequence track (see Fig. 6).

We did not find any match with the large surveys on WDMS
binaries by Ren et al. (White Dwarf Binary Pathways Sur-
vey; 2020). Their sample primarily focuses on the selection of
WDMS binaries with early type MS companions (i.e., AFGK
type, with Teff > 4000 K), whereas the selection method adopted
in this work prefers to identify WDMS binaries with later type
companions (i.e., M dwarfs).

We find that nine WDMS candidates in our catalog match
with the catalog of WDMS binaries detected using LAMOST
(Ren et al. 2018) and ten matches with Anguiano et al. (2022).
There are four WDMS binaries from our catalog that were pre-
viously identified by the SDSS spectroscopic catalog of WDMS
binaries (Rebassa-Mansergas et al. 2010) and nine were previ-
ously cataloged in SDSS photometric catalog of WDMS binaries
(Rebassa-Mansergas et al. 2013a). We find three matches with
the catalog provided by Pérez-Couto et al. (2025), where the
authors applied an unsupervised machine learning algorithm
to Gaia XP spectra and identified 993 WDMS binary candi-
dates. Li et al. (2025) recently studied approximately 30 000
WDMS binary candidates using Gaia XP spectra and 1700 of
them are high-confidence systems confirmed through spectral
fitting. We find 20 sources common with their catalog. We
also crossmatched our catalog with that of single WD catalog
based on Gaia–EDR3 by Gentile Fusillo et al. (2021) but did
not find any match. Comparison with Gaia DR3 non-single star
(NSS) catalog (Gaia Collaboration 2023) provides two match
with our catalog. The match with the NSS catalog also high-
lights the importance of multiwavelength study from UV to IR
to constrain the binary properties for sources in the NSS cat-
alog (Ganguly et al. 2023). The overlap between our catalog
and previously identified candidates confirm the validity of these
candidates and supports the effectiveness of our method for iden-
tifying new WDMS candidates. In this study, we have identified
and cataloged 347 WDMS binaries and 188 of them are newly
detected and have not been classified as WDMS binaries or
chromospherically active M stars in the literature.

3.4. Comparison with spectroscopic surveys and SIMBAD

Gaia DR3 also provided low resolution BP/RP (XP) spectra of
more than 200 million stars. We find that 208 sources have Gaia
XP spectra, out of 347. In these spectra, we expect to see excess
emission toward bluer part of the spectrum and/or presence of H-
Balmer absorption lines (Hβ, Hγ, Hδ, Hϵ) (Rebassa-Mansergas
et al. 2016b). Following the classification scheme introduced
by RM25 (see their Fig. 2), we identified 23 sources showing

Fig. 10. Top panel: low-resolution Gaia XP spectrum of Gaia DR3
3547632785950758272. Middle panel: LAMOST spectrum of Gaia
source id 3992861740235753216. This source is defined as DAZ+M
WDMS binary in the LAMOST catalog. Lower panel: SDSS spectrum
of Gaia DR3 947545965334561280. In all the panels, error in flux are
represented as gray shaded region and H-Balmer lines are marked in
blue. All the three spectra show the presence of strong H-Balmer emis-
sion lines and excess emission toward the bluer part of the spectrum,
representing the signatures of a WD in binary with a MS star.

the signatures of WDMS binary, as shown in the top panel of
Figure 10. In the spectrum, H-Balmer absorption lines are also
marked. A complete crossmatch catalog of these 208 sources
along with their Gaia XP spectra are available on Zenodo.

We further compared our catalog with available spec-
troscopic surveys to find out the signatures of WDs. We
have found 93 match with the optical spectroscopic survey
LAMOST DR119. 16 of them show prominent detection of
H-Balmer absorption lines and/or excess emission in the
bluer part of the spectra, suggesting them to be confirmed
WDMS binaries. An example spectrum is shown in the
middle panel of Figure 10. Out of 16, five are classified as
DA+M WDMS binaries (Gaia IDs: 3992861740235753216,
4437836226304032384, 704748371716051072,
830644063706298496, 881086019353249280) and one as
DC+M WDMS binary (2560009007603950720) in the LAM-
OST catalog . Gaia DR3 704748371716051072 shows signatures
of WDMS binary in one of the two epoch of observations,
indicating eclipsing nature of this source. Two sources are
classified as double stars (Gaia IDs: 1006621281985546240,
1911816151065187456). Spectral classification of majority of the
LAMOST detected sources are M type, which matches with our
finding using SED analyses. Gaia DR3 IDs, Teff for WD and MS

9 https://www.lamost.org/dr11/v2.0/
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from SED analyses, along with the combined Teff values and
spectral type classification from LAMOST catalog are listed in
Table B.1. A complete crossmatch catalog of 93 sources along
with LAMOST spectra are available on Zenodo.

We find 22 match with optical spectroscopy survey SDSS
DR1910. Nine of them show prominent H-Balmer absorption
lines and presence of excess flux in the bluer part of the spec-
trum, suggesting them to be confirmed WDMS binaries. An
example spectra of Gaia DR3 947545965334561280 is presented
in the bottom panel of Figure 10. A dedicated spectroscopic
study using all the available spectroscopic survey is necessary
to examine the presence of small UV excess, estimation of tem-
perature and log g parameters. A complete crossmatch catalog
of 22 sources along with SDSS spectra are available on Zenodo.

We also matched our catalog with SIMBAD and found 274
common sources. Out of 274, 21 sources are classified as WDMS
binaries, seven are WDs and 62 are single MS stars of M spectral
type. Out of 21 WDMS binaries, two are classified as spectro-
scopic binaries and one of them is cataclysmic variable (CV).
MS companions of 19 are M spectral type, one is K spectral type
and for one binary it is not defined. The spectral types of MS
stars are in good match with the estimates from our method. Gaia
DR3 IDs, Teff for WD and MS from SED analyses, and source
IDs and spectral type classification from SIMBAD catalog are
listed in Table B.2. Out of seven common sources classified as
WD in SIMBAD, one (2843374388402149632) is mentioned as
CV, one (6461421956281723392) shows prominent binary signa-
ture in the Gaia XP spectra. A complete crossmatch catalog of
274 sources are available on Zenodo.

3.5. Completeness of the catalog

Through simulation RM21 showed that ∼91% of total WDMS
populations are hidden in the MS region of optical CMD. We
cataloged and parameterized 347 WDMS binaries in this study,
that are located either on the MS or gap region in optical Gaia
CMD. Considering all the 6559 UV bright sources are prob-
able binary candidates, we are able to retrieve 5.3% through
multiwavelength SED analyses. However, GALEX survey covers
only a fraction of the sky, mainly avoiding ±10 degrees around
the Galactic plane compared to all sky Gaia survey. We notice
that ∼48% of 100 pc Gaia data are located ±10 degrees above
the Galactic plane. Out of them, ∼83% have reliable photomet-
ric or astrometric solutions as per the conditions mentioned in
Section 2.1. Therefore, considering the fractional sky coverage
of GALEX survey, completeness of our catalog has a lower limit
of ∼2%.

The preferential coverage of intermediate and high Galactic
latitudes by GALEX implies that our catalog is biased toward
lower-extinction environments and relatively older stellar pop-
ulations. However, this spatial incompleteness is unlikely to
significantly affect our primary demographic result, the preva-
lence of WDs with M dwarf companions. The dominance of
M dwarf companions in WDMS binaries is mainly driven by
the initial mass function and stellar evolutionary timescales,
which favor long-lived low-mass secondary companions. Since
our analysis is restricted to the 100 pc volume within the solar
neighborhood, the stellar populations are well mixed and not
dominated by very young populations. So, we do not expect
the companion-type distribution to differ substantially within
the Galactic plane. Access to both FUV and NUV observations

10 https://skyserver.sdss.org/dr19, https://dr19.sdss.
org/zora/

could potentially improve the completeness for WDMS binaries,
however, the UV–optical selection method intrinsically favors
WD systems with late-type (e.g., M dwarf) companions due to
contrast effects. Therefore, while GALEX sky coverage primar-
ily impacts absolute completeness of the catalog, it is unlikely
to significantly alter the inferred companion-type demographics
within the surveyed footprint.

Our study demonstrates how GALEX NUV and Gaia data
can be used to identify those hidden WDMS populations and
how multiwavelength SED analyses can be used to estimate
their stellar parameters. As our study used those sources that
are located mostly on the MS region of the optical CMD, and
are detected majorly in GALEX NUV, this study is complemen-
tary to many previous studies where both FUV and NUV data
are used to identify WDMS binaries (Ren et al. 2020; Anguiano
et al. 2020; Nayak et al. 2024) or only the gap region in the opti-
cal CMD is targeted (RM21; RM25). We suggest a follow-up
deep FUV observation of our catalog with Ultra-Violet Imag-
ing Telescope (UVIT) on board AstroSat (Tandon et al. 2017b,a)
which will be beneficial to better constrain the stellar parame-
ters of WDMS binaries. However, a large number of candidates
yet to be explored even within 100 pc, due to unavailability of
deep UV observations or high-resolution spectroscopic observa-
tions in the Galactic plane. Given that obtaining high-resolution
spectroscopic observations for a large number of sources will
be challenging, our study illustrates a simple pathway using
multiwavelength photometric data to identify WDMS binaries.
We believe that implementing our method along with those
demonstrated in the literature (Ren et al. 2020; Anguiano et al.
2020; Nayak et al. 2024; Jackim et al. 2024) on the upcom-
ing UV missions such as INdian Spectroscopic and Imaging
Space Telescope (INSIST; Subramaniam 2022), the Ultravio-
let Explorer (UVEX; Kulkarni et al. 2021), will significantly
advance the discovery of hidden WDMS binaries and contribute
to completing a volume-limited WDMS sample. Once identi-
fied, a high-resolution spectroscopic follow-up study will help
to improve their parameters as well as in better understanding
their formation and evolutionary processes.

4. Conclusions

1. We have used NUV-optical CMDs as a tool to identify unre-
solved WDMS binaries within 100 pc. We have used Gaia
DR3 for optical data and GALEX for NUV data to construct
the NUV-optical CMDs;

2. We have identified 347 WDMS binaries within 100 pc and
188 of them are newly reported;

3. We have used a binary fitting algorithm available in the
VOSA toolkit to determine Teff , bolometric luminosities,
and radii of both the binary components. Our method pre-
dominantly identifies binaries with cooler WDs (<10 000 K)
compared to previous studies (RM21; N24; RM25). The MS
components are found to be M spectral types;

4. We found a peak in the WD radii distribution at
log(R/R⊙) =∼ −1.82;

5. To determine the mass of WDs, we used the WD evolution-
ary models by Bédard et al. (2020) and considered the CO
core and Hydrogen atmosphere. The WD masses range from
∼0.2 and 1.3 M⊙. We have also identified 16 WDMS bina-
ries with ELM-WDs (≤0.3 M⊙), that are likely formed due
to mass loss from their progenitor stars;

6. This study presents a simple approach to identify and
parameterize a large number of WDMS binaries combining
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multiwavelength data. We suggest that implementing our
method along with those demonstrated in the literature (Ren
et al. 2018; Anguiano et al. 2022; Rebassa-Mansergas et al.
2013a; Nayak et al. 2024) on upcoming optical (Gaia DR4)
and UV (INSIST and UVEX) surveys will lead to the
completeness of WDMS binaries in the solar neighborhood.

Data availability

The catalogs of 347 WDMS binaries with well-fitted SEDs,
1070 candidates with badly fitted SEDs and 6559 UV-bright
sources are available on Zenodo and at the CDS via https://
cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/709/A114.
The SED figures for both well-fitted and badly fitted SEDs are
shared on Zenodo and at the CDS via https://cdsarc.cds.
unistra.fr/viz-bin/cat/J/A+A/709/A114. All archival
spectra retrieved for the 347 WDMS binaries from Gaia,
LAMOST, and SDSS are made available on Zenodo, along with
the cross-match catalogs.
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Table B.1. A comparison of estimated stellar parameters of WDMS binaries with LAMOST catalog.

SED parameters LAMOST parameters
Index Gaia ID WD Teff MS Teff combined Teff classification

(103K) (103K) (103K)
1 1006621281985546240 13.50±0.12 3.4±0.05 — Double Star
2 1015888309580557056 11.25±0.12 3.8±0.05 3.66 MS (M1)
3 1607603170812636928a 16.75±0.12 3.6±0.05 3.73–3.79 MS (M1)
4 1911816151065187456 14.75±0.12 3.3±0.05 — Double Star
5 245807579721338752 8.00±0.12 2.5±0.05 — WD (DA)
6 2560009007603950720a 9.50±0.12 2.7±0.05 3.70–3.80 DC+M7
7 3387904051723656320 16.75±0.12 3.3±0.05 23.88 WD (DA)
8 3412836302516713600a 5.25±0.12 4.1±0.05 5.74–5.79 MS (G3)
9 3853617934132069760 6.75±0.12 2.7±0.05 3.52 MS (M8)
10 3869392249498967168a 9.50±0.12 3.2±0.05 4.49–4.89 MS (F9 - G5)
11 3992861740235753216a 11.50±0.12 2.7±0.05 16.09–19.87 DAZ+M
12 4437836226304032384 13.00±0.12 3.0±0.05 10.04 DA+M
13 704748371716051072 15.25±0.12 3.3±0.05 3.39 DAZ+M4
14 707217153276016000a 14.75±0.12 3.5±0.05 3.50–3.54 MS(M2)
15 830644063706298496 24.00±0.5 2.7±0.05 29.90 DAZ+M
16 881086019353249280 11.75±0.12 3.1±0.05 14.54 DAZ+M

Notes. The table presents a comparison for WD and MS temperatures estimated in our study with the combined temperature of WD and MS as
mentioned in the LAMOST DR11 catalog. Spectral classification from LAMOST catalog are also listed. This is truncated list of cross-matched
sources, where we noticed the presence of H-absorption line and/or excess UV emissions. A full cross-matched catalog is available on on Zenodo,
along with the spectra.
(a) These sources have multi-epoch LAMOST observations.

Table B.2. A comparison of estimated stellar parameters of WDMS binaries with SIMBAD.

SED parameters SIMBAD parameters
Index Gaia ID WD Teff MS Teff SIMBAD ID Spectral Types

(103K) (103K) (103K)
1 1006621281985546240 13.50±0.12 3.40±0.05 GALEX J063330.3+612325 D+M3
2 1089733400290040320 11.00±0.12 3.10±0.05 GALEX J073534.3+650649 DA+M4
3 1911816151065187456 14.75±0.12 3.30±0.05 PM J23283+3319 DA+dM
4 245807579721338752 8.00±0.12 2.50±0.05 EGGR 570 DA+dM
5 2560009007603950720 9.50±0.12 2.70±0.05 PHL 3418 D+dM6
6 2864507860881192320 12.00±0.12 2.70±0.05 GALEX J233910.9+255205 DA5+M7
7 3387904051723656320 16.75±0.12 3.30±0.05 UCAC4 506-010126 D+dM4
8 3612227169936143360a 21.00±0.5 3.40±0.05 V* QS Vir DA3+dM
9 3662988495054111232 8.00±0.12 3.20±0.05 LP 618-14 DA+dM
10 3945572123083449984 6.25±0.12 2.80±0.05 LBQS 1216+1628 DA+M6
11 4028597414327329664 5.75±0.12 3.00±0.05 G 148-36 DAZ+M
12 4333046892662353152 14.50±0.12 3.10±0.05 GALEX J165737.2-125633 DA3+M4
13 43789772861265792a 6.75±0.12 4.70±0.05 V* V471 Tau K2V+DA
14 4411741894799595776 9.25±0.12 2.90±0.05 HS 1606+0153 DA3+dM
15 4437836226304032384 13.00±0.12 3.00±0.05 PM J16171+0530 DA+dM
16 6182278665776280320 12.75±0.12 3.20±0.05 EC 13198-2849 DA5+dM
17 6216887306090464000 12.50±0.12 3.00±0.05 GALEX J143830.0-312719 DA+?
18 759601941671398272 5.500±0.12 3.00±0.05 EGGR 388 DC+M4.5Ve
19 830644063706298496 24.00±0.5 2.70±0.05 GD 123 DA+M3
20 881086019353249280 11.75±0.12 3.10±0.05 GALEX J075919.4+321948 DA+M
21 917083205411949056 11.50±0.12 3.30±0.05 UCAC4 670-053833 D+dM3

Notes. The table presents a comparison for WD and MS temperatures estimated in our study with the spectral classification of SIMBAD. This
is truncated list of cross-matched sources, classified as DA+M spectral type binaries in SIMBAD. The comparison shows a well-match between
temperatures estimated using SED analysis and SIMBAD classification. A full cross-matched catalog is available on on Zenodo.
(a) These are classified as spectroscopic binaries.
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