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ABSTRACT

Context. The publications of Gaia DR2 and DR3 have brought major improvements in stellar astrometry and photometry, particularly
regarding the description of the white dwarf sequence. In particular, Gaia DR2 enabled the detection of variability in white dwarfs
based solely on averaged astrometric and photometric quantities, i.e. the astrometric 5 parameters (positions, proper motion, and
parallax) and general photometry properties in the G, BP and RP bands (mean, standard deviation and number of measurements).
Aims. We identify and classify variable white dwarfs using Gaia DR3 data and Zwicky Transient Facility (ZTF) DR23 observations.
The objective is to construct a catalogue of pulsating white dwarf candidates with robust selection criteria.
Methods. We define a new sample of candidate variable white dwarfs using Gaia DR3 astrometric and photometric data. We cross-
match this sample with the ZTF DR23 catalogue and apply a multiband Lomb-Scargle periodogram analysis to detect periodic
variability. We then use the OPTICS unsupervised clustering algorithm to to group and classify the confirmed periodic stars.
Results. We identify 1423 variable white dwarfs candidates from Gaia DR3, with 864 having ZTF time series. Among these, 141
present significant periodicity. Using unsupervised clustering techniques, we classify these objects into known categories, including
ZZ Ceti stars, GW Vir, V777 Her, and white dwarf–main sequence (WD–MS) binaries. Our analysis reveals several confirmed periodic
stars, including three ZZ Ceti stars, 15 GW Vir stars, one V777 Her, and 24 WD–MS binaries. Furthermore, it reveals a significant
population of potentialy variable stars, even though without confirmed periodicity. Finally several variables show unusual properties
and are highlighted for follow-up studies.
Conclusions. Our catalogue of candidate variable white dwarfs includes variability status, periodicity, and classification information
for the 864 sources with ZTF time series, 519 of them newly identified (including 83 new periodic stars). It is publicly available
through the VizieR database to support future investigations of white dwarf variability.

Key words. Variable stars(1761), White dwarf stars(1799)

1. Introduction

We are in an epoch of enormous data growth in optical as-
tronomy. The challenge lies not only in the increase in data
volume, but also in the variety of survey properties and data
types. Among all astronomical surveys, the Gaia mission
(Gaia Collaboration et al. 2016b), a cornerstone of the ESA sci-
ence program launched in late 2013, is unique. From a sin-
gle space-based platform, it delivered repeated astrometric, pho-
tometric, spectrophotometric, and spectroscopic measurements
over the entire celestial sphere for more than 10 years.

The Gaia DPAC consortium (Mignard et al. 2008) has taken
care of the data reduction, calibration and analysis of the Gaia
data and has also prepared the data products to be published
by ESA in a stepwise manner. This approach aims to im-
prove the data reduction, lower random and systematic er-
rors in all data products, and gradually increase the num-
ber of published sources and data products. The same iter-
ative approach was followed for publishing the Gaia photo-
metric time series. For the first Gaia Data Release (Septem-

ber 2016; Gaia Collaboration et al. 2016a; Eyer et al. 2017), a
selection of 3,194 variable stars near the South Ecliptic pole
that partially covers the Large Magellanic Cloud was published
with their G-band time series. With Gaia DR2 (April 2018;
Gaia Collaboration et al. 2018), more than half a million vari-
able objects were published with their G, integrated BP, and
RP time series. Gaia DR3 (Gaia Collaboration et al. 2022, 2021;
Eyer et al. 2023; Riello et al. 2021) then released the G, BP and
RP epoch photometry of some 11.7 million sources. This repre-
sents one of the largest published catalogues for many variability
types (such as, RR Lyrae stars, large-amplitude long-period vari-
able stars, δ Scuti stars).

Furthermore, a performance verification paper
(Gaia Collaboration et al. 2019, published as companion
to Gaia DR2) describes the variability across the observa-
tional Hertzsprung-Russell (HR) diagram, notably including
distinctive variability features in the white dwarf sequence.

Within Gaia data, the published averaged statistics can help
infer the variability of stars whose time series have not been re-
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leased (for example, Belokurov et al. 2017; Mowlavi et al. 2021;
Guidry et al. 2021; Maíz Apellániz et al. 2023). Using the rela-
tionship between the uncertainty of the mean and its associated
standard deviation, corrected for an estimation of the instrumen-
tal and photon noises (Eyer 1998), it is possible to study the vari-
ability of certain HR regions with a comprehensive approach.
Notably, Eyer et al. (2020) explored the variability of the white
dwarfs identified by Gentile Fusillo et al. (2019).

The aim of this article is to study variable white dwarfs,
which are selected from the Gentile Fusillo et al. (2021) white
dwarf catalogue, using Gaia DR3 and the Zwicky Transient Fa-
cility (ZTF) DR23 data (Bellm et al. 2019; Masci et al. 2018) as
well as to compare the candidates with the literature. We aim to
present a list of pulsating white dwarf candidates with adjusted
criteria employing Gaia DR3 measurements while also consid-
ering other variable types. A systematic search for variability in
white dwarfs is particularly valuable, as it can reveal insights into
their physical properties, especially for those located in specific
locations in the HR dagram, such as the crystallisation sequence.

The article is structured as follows. First, we present some
general properties of the Gaia and ZTF surveys in Section 2. In
Section 3, we show the criteria used to select and refine eligible
variable white dwarf candidates from Gaia DR3. After obtaining
the list of candidates, we describe our procedure to cross-match
with ZTF data and extract the frequency from the time series in
Section 4. Then, Section 5 presents our selection of pulsating
white dwarf candidates. We also classify these candidates using
unsupervised clustering, and cross-match them with known stars
from the literature.

2. Data

In this study, we use Gaia DR3 and ZTF DR23 data obtained
from their respective public archives1,2. We use the Gaia pho-
tometry (Evans et al. 2018; Riello et al. 2021) and astrometry
(Lindegren et al. 2018, 2021) measurements to determine our
targets’ locations in the Hertzsprung-Russell (HR) Diagram. The
ZTF time series in the g and r bands (referred to as Zg and Zr
respectively) are then used to determine potential periodic stars
among our candidates.

Using a random sample of about 3000 white dwarf candi-
dates from Gentile Fusillo et al. (2021)’s Gaia DR3 catalogue
that have ZTF time series, we study the general properties of
the Gaia and ZTF observations. Fig. 1 displays the number of
epochs observed in each band of Gaia DR3 and ZTF DR23.
These are defined as the number of Field-of-View (FoV) transits
for Gaia, and the number of observations for ZTF. The sources
have a lower number of observed epochs in Gaia DR3 compared
to ZTF DR23, with a median number of observed epochs of 41,
33, and 34, in Gaia’s G, RP, and BP bands respectively, while
these reach 129 in the Zg band and 190 in the Zr band. While
the ZTF data yields higher noise per measurement than Gaia,
the higher number of measurements should allow for compara-
ble error levels on the mean magnitudes.
We then compare the standard deviation of the time series σ(G)
and the error of the mean magnitude σ(Ḡ) between the two
datasets. For Gaia data, these are estimated using the number
of observations per CCD (phot_g_n_obs) and the photometric
mean flux over its error (phot_g_mean_flux_over_error):

1 https://gea.esac.esa.int/archive/
2 https://irsa.ipac.caltech.edu/Missions/ztf.html

σ(G) =
2.5

ln 10
·

√
phot_g_n_obs

phot_g_mean_flux_over_error
, (1)

σ(Ḡ) =
2.5

ln 10
·

1
phot_g_mean_flux_over_error

. (2)

For the ZTF data, σ(Z̄g) is calculated by dividing the time series
standard deviation by the square root of the number of measure-
ments in the Zg band. Figure 2 displays the error of the mean
magnitude as a function of the mean magnitude in the G resp.
Zg bands, computed on our previous star sample. It demonstrates
that both Gaia and ZTF have comparably low noise (below 10
milli-mag, for G < 18) and confirms that ZTF data can be used
to detect periodic signal from Gaia’s variable white dwarf candi-
dates even when photometric time series are unavailable in Gaia.
Moreover, ground-based surveys like ZTF typically have a spec-
tral window with peaks around multiples of 1 cycle per day. In
the case of Gaia, the period of rotation is 6 hours, inducing peaks
at multiples of 4 cycles per day. This difference in survey ca-
dence can lift aliasing ambiguities when combining the two sur-
veys.

3. Selecting Gaia DR3 variable white dwarf
candidates

3.1. Candidacy criteria

We obtained our variable white dwarf candidates from
Gentile Fusillo et al. (2021)’s Gaia DR3 white dwarf catalogue.
Even though these stars have already been selected using strict
quality criteria on both photometric and astrometric flags, we de-
cided to take stricter and more conservative restrictions to avoid
contamination for our subsequent selection. In particular, dim-
mer sources (as shown in Figure 2) and sources with a high
colour index likely exhibit large photometric variability due to
noise rather than intrinsic variability. Thus, we impose our own
restrictions on these parameters:

PWD ≥ 0.75,
phot_g_mean_mag < 18,
phot_bp_mean_mag − phot_rp_mean_mag ≤ 2,
astrometric_excess_noise_sig ≤ 15,

(3)

where PWD is the probability of being a white dwarf calculated
by Gentile Fusillo et al. (2021) and the rest are the Gaia param-
eters. We also want to note that these restrictions are empirical
and are selected based on the cleanliness of the resulting over-
density regions later on. These limits may exclude true variable
sources but are essential to ensure the purity of the selection.
This filtering reduces the selection from ∼1.3 million stars in the
initial catalogue, to 22264 sources.

Next, we assess the variability of our remaining sources.
Figure 3 displays the G-band estimated standard deviation of
the time series per CCD (from Equation (1)) as a function of
the mean Gaia G-band magnitude, Ḡ. The relationship between
noise and mean magnitude is fitted as an exponential function
f (Ḡ) = exp(a · Ḡ + b) + c using SciPy’s curve_fit function
(Virtanen et al. 2020). This yields:

σ(G; Ḡ) = exp
(
(7.48 ± 0.01) · 10−1 · Ḡ − 18.597 ± 0.025

)
+ (3.8 ± 0.1) · 10−3

(4)
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Fig. 1: These histograms display the number of observed epochs in each band for each survey. We randomly choose 3000 white
dwarf candidates and extract their number of measurements in the two surveys. On average, ZTF DR23 has a greater number of
observations per star than the number of FoV transits per star from Gaia DR3.
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Fig. 2: We compare the error of the mean magnitude σ as a
function of the mean magnitude of Gaia DR3 (G band) and
ZTF DR23 time series (Zg band) for individual sources. Around
3000 white dwarf candidates are chosen randomly from the
Gentile Fusillo et al. (2021) catalogue to measure the standard
deviation of the mean magnitude. As Gaia yields very high pre-
cision for individual measurements and ZTF has many measure-
ments, both surveys present low noise for their mean magnitude.

With the notation σ(G; Ḡ) ≡ σ(G) used for clarity. This noise
level corresponds to the average σ(G) for objects with constant
magnitude. We then define a threshold to define our candidate
variable stars as:

variability threshold = 1.25 · σ(G; Ḡ) (5)

i.e. a 25% increase of the required σ(G) compared to its aver-
age value, reducing our selection to 1423 variable white dwarf
candidates.

We present an HR diagram of our variable candidates
in Figure 4. Along the white dwarf sequence, there are no-
ticeable clumps. In particular, the ZZ Ceti clump (BP-RP ∈
[0, 0.1], absolute G ∈ [11.6, 12.1]), a potential V777 Her clump
(BP-RP ∈ [−0.35,−0.25], absolute G ∈ [10, 11]), and potential
GW Vir stars (BP-RP ∈ [−0.45,−0.4], absolute G ∈ [8, 9]).

3.2. Comparison with Gaia DR3 variability classifier

We compare our sample of candidate variable white dwarfs
with the Gaia DR3 Machine Learning variability classification
(Eyer et al. 2023; Rimoldini et al. 2023). This comparison then
allows us to validate our candidacy criteria and can reveal pos-
sible missing sources in the Gaia classification algorithm. This
yields: 994 (69.9%) unclassified candidates, 408 (28.7%) classi-
fied as white dwarfs, 8 as cataclysmic variables, 6 as eclipsing
binaries, 5 as short time-scale variable stars and, most surpris-
ingly, two RR Lyrae stars (Gaia DR3 3345661467822106624
and Gaia DR3 6555925496084361344). The two RR Lyrae are

Article number, page 3
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Fig. 3: The estimated standard deviation of the G-band per CCD
time series, see Equation (1), plotted as a function of the mean
magnitude Ḡ. To select the variable white dwarf candidates, we
use a threshold that is 25% higher than the computed noise func-
tion. In this selection, 1423 white dwarfs are variable candidates
according to Gaia DR3 data.
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Fig. 4: HR diagram of our selection of variable white dwarf can-
didates from Figure 3. The potential ZZ Ceti, V777 Herculis and
GW Virginis clumps are outlined by ellipses. We use the mean
magnitude in the Gaia G, BP, and RP bands.

most likely misclassifications, as they are not located in the hor-
izontal branch stars, as would be expected for such stars.

4. Period search with ZTF data

4.1. Evaluating the ZTF cross-match query

ZTF data is cross-matched with Gaia by spatial constraint with
a cone search of radius 10 arcsec. Each cross-match must have
time series in both bands (Zg and Zr) and have at least 20 mea-
surements per band. If multiple objects match the query con-
straint, the closest positional match will be selected. This selec-
tion is enabled automatically by the One to One Match option in
the ZTF archive. Among our 1423 variable white dwarf candi-
dates, there are 894 stars with ZTF data available in both bands.
However, wrong cross-matches can still happen, and additional

steps to check the query are necessary. To detect potential er-
roneous cross-matches, we examine each data point’s Euclidean
distance between the residuals of three linear regressions: the an-
gular distance between Gaia and ZTF coordinates versus Gaia
proper motion, the Zg mag versus Gaia BP mag, and the Zr
mag versus Gaia RP mag. The linear functions are fitted using
SciPy’s curve_fit, and shown in Figure 5. The computed rela-
tionships are:

θ̂ = (2.168 ± 0.160) · 10−3µ + (112.6 ± 18.0) · 10−3

Ẑg = (0.974 ± 0.016) · BP + (0.337 ± 0.266)

Ẑr = (0.983 ± 0.021) · RP + (0.346 ± 0.352)

(6)

in which θ is the angular distance (in arcseconds) between Gaia
and ZTF coordinates, µ is the Gaia DR3 proper motion (in milli-
arcseconds per year), Zg and Zr are the ZTF magnitude measure-
ments, and BP and RP are the Gaia magnitude measurements.

The residual of each variable with respect to its linear fit is
normalized by the IQR of the residual’s distribution. The IQR
value is chosen over the standard deviation to avoid the influence
of outliers, which are numerous in the relationship (as shown in
Figure 5). Including the normalization coefficient, the Euclidean
distance of each data point is then:

di =

√√(
θi − θ̂i
IQRθ

)2

+

(
Zgi − Ẑgi

IQRZg

)2

+

(
Zri − Ẑri

IQRZr

)2

(7)

in which IQRθ, IQRZg, and IQRZr are 0.113”, 0.056 mag, and
0.112 mag, respectively. As displayed in Figure 6, the distribu-
tion of d has a peak at d ≈ 2 and then falls off. It also shows
outliers for d > 10, that we exclude by imposing a conserva-
tive threshold at d = 8, which removes possible wrong cross-
matches. This excludes 30 outliers, whose positions in the multi-
dimensional space are marked in Figure 5. Finally, we obtain 864
good cross-matches from the ZTF query results. We are aware
that by using magnitudes as cross-match criteria, we may remove
cataclysmic variable sources. However, this should not exclude
periodic sources such as pulsating stars or binary stars, which
are the main focus of this study.

4.2. Cleaning ZTF light curves

After selecting good cross-matches, in the next step, we employ
the ZTF flags recommended by Guidry et al. (2021) to remove
contaminated measurements in each ZTF time series. Specifi-
cally, we require good ZTF photometry measurements to follow
these three criteria:
catflag = 0

|sharp| < 0.25

mag < limitmag − 1.0.
(8)

Having performed this preliminary cleaning, we then apply a
5σ clipping selection aiming to remove the potential remaining
outliers. Indeed, we observed that, for some ZTF light curves,
simply applying the criteria outlined in (8) did not suffice to
exclude probable outliers.

4.3. Period search methodology

We then analyze our cleaned time series with Gener-
alised Lomb-Scargle periodograms (introduced by Lomb
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(b) Gaia BP mag vs Zg mag.
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(c) Gaia RP mag vs Zr mag.

Fig. 5: Inconsistent cross-matches of the ZTF query are detected
and removed by comparing the astrometric and photometric
measurements between Gaia and ZTF in the multi-dimensional
space.

1976; Scargle 1982). In particular, we use the Astropy
(Astropy Collaboration et al. 2018, 2022) implementation of
the multi-band periodogram (developed by VanderPlas & Ivezić
2015), scanning frequencies ranging from f = 0 to f =
0.5 min−1 (= 720 day−1), with an oversampling factor n0 = 10.
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Fig. 6: The distribution of the Euclidean distance - as calcu-
lated in Equation (7) - of all our cross-match query. Good cross-
matches should have d closer to 0. We remove those with d larger
than 8.

Furthermore, we use (Nbase,Nband) = (1, 0), focusing our search
on periodic variations common to both bands. This choice was
made as it significantly decreases computation time. Indeed, as
our targets can have long observational baselines (≳ 6 years),
computing the periodogram with a well-defined frequency grid
can require up to Neval ∼ 106 evaluations, and adding a base
term (Nbase > 0) increases computation time by a factor 60
(from ∼ 1 min to ∼ 1 h). Additionally, we compute the false-
alarm probability at the extracted peak frequency in both bands
(rather than in the multi-band periodogram, as it has not been
implemented) using the Baluev upper limit (Baluev 2008). An
illustration of this reduction process is displayed in Figure 7. We
then select stars as variables of frequency f by imposing the fol-
lowing criteria:

FAPZg resp. Zr( f ) < 10−3

FAPZr resp. Zg( f ) < 10−2

LS ( f ) > 0.1

(9)

With FAPα( f ) being the false alarm probability of a signal at fre-
quency f in the band α, and LS ( f ) the multi-band Lomb-Scargle
power at frequency f . The last criterion (LS ( f ) > 0.1) allows
us to exclude peaks caused by very noisy signals. Furthermore,
we perform a visual check of the phase-folded light curves and
periodogram in the cases where

∣∣∣ f mod 1.00274 day−1
∣∣∣ < 10−2

- i.e. if the resulting frequency is close to one cycle per sidereal
day or an alias, hinting towards a windowing effect from the
daily observations - or LS ( f ) < 0.25 (underlying a noisy signal).
Furthermore, in the cases where

∣∣∣ f mod 1.00274 day−1
∣∣∣ < 10−2,

we apply the periodogram to the Gaia light curves (if they are
available), to confirm or exclude the periodicity.

Out of our 864 candidates, we confirm 141 (16%) peri-
odic variables, 7 (1%) undetermined variables (variable stars for
which we could not determine a pulsation frequency), and 716
(83%) stars for which no determined variability. This significant
size of the last group can be traced back to two main reasons:

– Our selection criteria on the Lomb-Scargle analysis, outlined
in Eq. (9) is possibly too harsh, in particular the Lomb-
Scargle power cut LS ( f ) > 0.1, as it can exclude stars with
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(a) (b)

(c) (d)

Fig. 7: We illustrate the step-by-step reduction of a raw ZTF DR23 light curve (of Gaia DR3 2833849800205759360) into a phase-
folded light curve. Between (a) and (b), outlier observations are removed from the raw data using the procedure described in §4.2.
In this case, 93 of the 1067 initial measurements were flagged as outliers. The cleaned light curve is then examined (c) using a
multiband Lomb-Scargle periodogram (here with a peak at 6.1464 cycles per day). In (d) we present a folded light curve using the
determined period.

high frequencies (which usually yield a lower peak power
value) and stars with low amplitude-to-noise ratio (which in-
duces spurious peaks and reduces the peak power value).

– This study focuses on checking whether some white dwarfs
present periodic variability rather than establishing if they
are variable or not, thus these stars might still present some
variability - especially given our strong candidacy criteria for
variability in §3.1.

The location on the HR diagram of the periodic stars is dis-
played in Figure 8, along with their frequency, and amplitude
ratio Ar/Ag. The amplitude in the α band is defined as

Aα = Q0.95(α) − Q0.05(α) (10)

with Qp the p-th quantile of the cleaned observations in a given
band.

5. Periodic white dwarfs

5.1. Classifying periodic White Dwarfs

Following Althaus et al. (2010), the main groups of pulsat-
ing white dwarfs are the ZZ Ceti, V777 Her, GW Vir, and
DQVs. Using automatic unsupervised clustering, we attempt
to retrieve at least some of these groups in our sample of
pulsating white dwarfs. In particular, we use sklearn’s
implementation of the OPTICS clustering algorithm (see
Ankerst et al. 1999; Schubert & Gertz 2018) with hyperparam-
eter min_samples = 6. The parameters used for clustering are
the stars’ absolute G magnitude, BP-RP colour, log10 frequency,
and log10 amplitude ratio (Ar/Ag). We retrieve 3 clusters,
totalling 82 classified and 57 unclustered stars. Furthermore, we
perform a sanity check through visual inspection of Figure 8 to
identify possible clusters, during which we identify the same 3
clusters, a fourth smaller one, and a lone isolated star.

The first consists of stars with Ar/Ag ≳ 1.5 (indicated by
the yellow-red colours) and f ≲ 50 day−1 lying above the white

Article number, page 6
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Fig. 8: Position of the determined periodic stars in the HR diagram, with the colour and size of the dots representing respectively
their r/g amplitude ratios (see (10)) and frequency. The background grey dots represent the non-periodic stars in our candidate list.
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Fig. 9: Position in the HR diagram of the three clusters identified
using unsupervised clustering, with the manually identified ZZ
Ceti and V777 Her stars added. The background grey dots are
the stars we found to be non-periodic.

dwarf sequence (absolute G<10 and BP − RP ∈ [−0.4, 0.1]).
These are presumed to be white dwarfs - main-sequence binary
stars due to their high Zr amplitude.
The second group consists of blue (BP − RP ≲ −0.4) stars along
the main white dwarf track, with f ≲ 50 day−1 and Ar/Ag ≲ 1.25.
We identify them as possible GW Vir stars. The third group cor-
responds to old variable white dwarfs, mostly DAVs, with abso-
lute G> 12, BP − RP > 0, an amplitude ratio between 0.75 and
1, and f < 100 day−1.
The small, visually identified, cluster consists of three high-

frequency ( f > 200 day−1) stars at absolute G ∼ 11.5 and
BP − RP ∼ 0.05. These are identified as ZZ Ceti stars due to
their characteristic frequencies, position in the HR diagram, and
amplitude ratios between 1 and 1.25. They were not clustered
by the OPTICS algorithm, as they are too few to be recognised
as a cluster. This raises a discrepancy between the visible over-
density of the ZZ Ceti region on Figure 9 and the low number
of identified periodic stars in the same region. We suspect this to
be caused by the high frequency of ZZ Ceti stars (up to ∼ 900
cycles a day) - increasing the Lomb-Scargle periodogram’s sen-
sitivity to noise in the measurements. Furthermore, the detected
ZZ Ceti stars’ Zg and Zr amplitudes (respectively 86 millimag
and 82 millimag) are approximately half those of the full sample
(respectively 149 millimag and 186 millimag), further increasing
the potential for spurious peaks in the periodograms and reduc-
ing the power value of a potential true frequency peak. Never-
theless, this outlines the significant potential to identify new ZZ
Cetis in this region of the HR diagram in the future.
Finally, similarly as for the three ZZ Cetis, we identify a possible
V777 Herculis star in the expected clump, at absolute G= 10.46
and BP − RP = −0.22 with a frequency f = 176.6 day−1, clearly
in the range outlined by Althaus et al. (2010) for these kind of
stars.

5.2. Stars to investigate

After visual inspections of the phase-folded light curves,
we recommend the further investigations of at least 6 of
our 141 periodic variables. These sources were selected as
they present peculiar characteristics in their phase-folded
light curves. In particular: Gaia DR3 103999471976858496
presents a peculiar bump, indicating secondary period, such
as a transit; Gaia DR3 1191504471436192512 and Gaia
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DR3 930093722208184448, both classified as WD-MS bi-
naries, present characteristics of eclipsing binaries. The re-
maining 3, Gaia DR3 6770227729752288256, Gaia DR3
6844375121726139520, and Gaia DR3 4318508939464901760,
present an intriguing "double band" feature in their Zr light
curves. The 6 phase-folded light curves are provided as an ap-
pendix (see Figure A.1). Furthermore, we recommend further in-
vestigations for the 7 undetermined variables to determine their
variability mechanism and potential periodicity.

5.3. Crossmatch with the MWDD

We cross-matched our catalogue of white dwarfs with the
Montreal White Dwarf Database3 (MWDD - introduced by
Dufour et al. 2017), to compare how many of them are already
known and classified, and to ascertain the quality of our clas-
sifications. Out of our 864 star sample, 345 are already present
in the MWDD, with 65 of the 148 variable stars already classi-
fied, and 280 of the 716 non-variable. In particular, out of our
24 identified WD-MS binaries, 4 are already classified as such
in the MWDD, for the GW Vir stars, 5 are already known out
of 15, 2 of the 3 ZZ Cetis, 16 of the 18 old DAVs, and our lone
V777 Her being previously classified too.

The result of this cross-match is listed in the note column
of the data table resulting from this work (see Table A.1 for an
excerpt of the table). The complete table will be provided as a
companion to this paper on the well-known VizieR database4

(introduced by Ochsenbein et al. 2000).

6. Conclusion

Using the photometric and astrometric measurements of Gaia
DR3, we propose 1423 candidates for variable white dwarfs. Us-
ing a multiband Lomb-Scargle analysis on 864 candidates hav-
ing ZTF DR23 time series, we confirm 148 variables, 141 of
them being periodic (83 being newly identified). Using unsuper-
vised clustering, we regroup them in 5 main groups, ZZ Ceti,
GW Virginis, MS-WD binaries, Old DAVs and V777 Herculis;
yielding 3 ZZ Ceti candidates, 15 GW Virginis candidates, 24
WD-MS binary systems, 18 Old DAVs and one V777 Herculis.

Furthermore, we compare our catalogue with the MWDD’s,
for previously identified sources, which yields 519 newly iden-
tified variable white dwarf candidates. Among these 519 newly
identified candidates, we confirm 1 new ZZ Ceti, 10 new GW
Virginis , 20 new WD-MS binary systems, and 2 Old DAVs.

A sample of our 864 ZTF-observed variable candidates,
along with their classifications, frequencies, and amplitudes, is
provided in Table A.1. The complete list of our candidates is
provided as companion to the paper, on the VizieR database of
the Centre de Données astronomiques de Strasbourg.

In the future, starting with Gaia DR4 (expected by the end of
2026), photometric time series will be available in all bands (G,
BP, RP, and G_RVS) as well as in radial velocities (for the bright
part of the survey). The combination of Gaia data (astrometry,
photometry, and radial velocities) with ZTF observations will
enable detailed studies of white dwarf variability. In particular,
aliasing issues will be mitigated thanks to the different spectral
windows of the two surveys. These developments promise major
progress in our understanding of variable white dwarfs.
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(a) Gaia DR3 103999471976858496 (b) Gaia DR3 930093722208184448

(c) Gaia DR3 1191504471436192512 (d) Gaia DR3 4318508939464901760
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(e) Gaia DR3 6770227729752288256 (f) Gaia DR3 6844375121726139520

Fig. A.1: Phase-folded light curves of the 6 periodic sources warranting further investigations.

Table A.1: Excerpt of the companion table

WDJname GaiaDR3_id ra e_ra dec e_dec plx e_plx G_mag RP_mag
WDJ135309.97+484021.17 1510467090935595008 208.29 0.04 48.67 0.04 5.7 0.05 16.68 16.88
WDJ052038.32+304823.92 3446909137068558464 80.16 0.04 30.81 0.02 17.51 0.04 15.58 15.59
WDJ111026.19+191229.75 3984115430179696128 167.61 0.09 19.21 0.07 16.65 0.1 17.17 16.91
WDJ070223.05-174931.25 2935237657195591424 105.6 0.04 -17.83 0.05 1.81 0.06 16.51 16.55
WDJ220247.69+275010.67 1893101535448502400 330.7 0.05 27.84 0.07 2.23 0.07 16.55 16.86
WDJ105010.80-140436.76 3750072904055666176 162.54 0.08 -14.08 0.06 9.15 0.09 17.14 17.09
WDJ143406.77+150817.81 1228266814506156928 218.53 0.04 15.14 0.03 12.68 0.04 16.01 16.09
WDJ024849.59+264332.15 114808397128552576 42.21 0.11 26.73 0.15 5.67 0.11 17.23 17.34
WDJ163914.29+474835.84 1410345596469085184 249.81 0.07 47.81 0.07 6.71 0.08 17.76 17.78
WDJ022917.15-150350.42 5146019876066016000 37.32 0.08 -15.06 0.08 5.48 0.1 17.71 17.63
WDJ220420.60+282321.36 1893512958955407232 331.09 0.08 28.39 0.08 5.27 0.1 17.74 17.67

BP_mag g_mag r_mag Variable Periodic frequency g_amp r_amp classification note
16.59 16.54 16.92 True True 176.58 0.11 0.1 V777 Her registered in MWDD
15.59 15.53 15.73 True True 320.01 0.07 0.06 ZZ Ceti registered in MWDD
17.33 17.35 17.2 True True 5.38 0.13 0.12 Old DAVs
16.44 16.49 16.89 True True 8.82 0.28 0.55 WD-MS binaries
16.39 16.38 16.89 True True 1.23 0.06 0.06 GW Vir
17.2 17.09 17.17 True False 0.0 0.31 0.48 Further analysis recomended
15.99 15.9 16.17 False False 0.0 0.0 0.0 registered in MWDD
17.19 17.09 17.39 False False 0.0 0.0 0.0
17.81 17.72 17.9 False False 0.0 0.0 0.0
17.8 17.71 17.79 False False 0.0 0.0 0.0
17.86 17.77 17.86 False False 0.0 0.0 0.0
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