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Abstract. The last couple of decades have seen a revolution in the field of pulsating stars
thanks to the increasing number of ground-based and space-borne facilities that are collect-
ing multi-epoch data over large portions of the sky. A leading role in this revolution is played
by Gaia, the ESA cornerstone mission that is monitoring the whole celestial sphere since
July 2014. On 13 June 2022 the second instalment of the Gaia third data release (DR3) pub-
lished time-series of multi-band photometry, and parameters for about 11 million variable
sources. Pulsation is the mechanism driving the light variation in over one third of them.
Epoch radial velocities were also released for 1 096 RR Lyrae stars and 799 Cepheids. We
review main properties and results for pulsating stars in the Gaia DR3, focussing on RR
Lyrae stars and Cepheids, in light of the impact they have on the definition of the cosmic
distance ladder and the study of the resolved stellar populations in our Galaxy and beyond.
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1. Introduction

Since start of operation, in July 2014, the
Gaia mission is collecting nearly simoulta-
neous astrometry and multi-epoch (spectro)-
photometry in three different pass-bands of
all sources crossing the CCDs in its focal
plane, down to a limiting magnitude G ∼

21 mag, along with spectroscopy of sources
brighter than G ∼16.5 mag. The Gaia pho-
tometric dataset comprises integrated white-
light G-band photometry covering the wave-
lenght range from 330 to 1050 nm, acquired
on the 62 CCDs of the astrometric field (see
Fig. 4 in Gaia Collaboration et al., 2016),
and GBP, GRP spectro-photometry achieved

through low resolution (R∼20-90) blue (BP)
and red (RP) prism spectra operating in the
wavelength ranges 330-680 nm and 640-1050
nm, respectively, that disperse the light on two
arrays of 7 CCDs each. Slitless spectroscopy
at a resolution R=11,500 on the calcium triplet
(847-874 nm) is then obtained with the Radial
Velocity Spectrometer (RVS; Cropper et al.,
2018) on board Gaia, that disperses the light
on 12 specifically dedicated CCDs of the focal
plane.

A cyclic, iteratively-improved process-
ing of all the data collected by Gaia is
performed by dedicated coordination units
(CUs) of the Gaia Data Processing and
Analysis Consortium (DPAC; CU3: astromet-
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ric core processing; CU5: photometric pro-
cessing; CU6: spectroscopic processing; CU4:
complex object processing; CU7: variability
analysis; and CU8: astrophysical characteriza-
tion). The Gaia mission is producing an un-
precedented astrometry (positions, parallaxes
and proper motions), multiband photometry
reaching 1 mmag precision, and a systematic
identification and characterization of tens of
different types of variable sources, by monitor-
ing the whole celestial sphere.

Gaia data products are published in inter-
mediate data releases, of which the most re-
cent one, the Gaia Data Release 3 (DR3; Gaia
Collaboration et al., 2022) covering 34 months
from 25 July 2014 to 28 May 2017, took place
on 13 June 2022. A total number of nearly one
trillion CCD measurements of more than 1.8
billions sources were collected for Gaia DR3.
This enormous amount of data is building up
an incremental database that will almost dou-
ble with Gaia DR4, which will publish data
products based on 66 months of Gaia obser-
vations at the end of 2025.

2. Identification and processing of
Gaia’s variable sources

Figure 1 in Gaia Collaboration et al. (2019)
provides an overview of different types of vari-
able sources with variability induced either by
intrinsic or extrinsic causes. A large number of
these variability types can be identified in the
Gaia data. The variability analysis is applied
by the DPAC CU7 to the time-series data of all
sources observed by Gaia, that is to more than
1.8 billion sources for DR3.

The input dataset of the variability process-
ing for DR3 consisted primarily of calibrated G
and integrated GBP and GRP time-series pho-
tometry (Riello et al., 2021). The median num-
ber of Field-of-View (FoV) photometric mea-
surements per sources was 44, 40 and 41 in
G, GBP and GRP respectively, and reached up
to 265 measurements in G in some specific
regions of the sky (see Fig. 1 in Eyer et al.,
2022). In addition, the timeseries of RVS ra-
dial velocities (Sartoretti et al., 2022) of a sub-
sample of Cepheids and RR Lyrae stars, and
the time-series of RP spectra of long-period

variables (LPVs; Lebzelter et al., 2022) were
also analysed. Besides the time-series of pho-
tometry, radial velocities and RP spectra, po-
sitions on the sky, parallax, and proper motion
are available for the sources from Gaia Early
Data Release 3 (EDR3; Gaia Collaboration
et al., 2021). Figure 3 in Eyer et al. (2022)
provides a schematic overview of the vari-
ous steps for the identification and the sub-
sequent analysis of the DR3 variable sources.
Variable sources are identified either by the
General Variability Detection (GVD) module,
that uses catalogues of known variable stars
of different types to train machine learning
classifiers (Rimoldini et al., 2022b); or by the
Special Variability Detection (SVD) module,
that is used to identify some specific types such
as candidate planetary transits, short timescale
and rotation modulation variables (see Eyer et
al., 2017, 2022; Rimoldini et al., 2022b, for
details). Candidate variables of different types
are then fed to Specific Object Study (SOS)
pipelines, that are each tailored for the analy-
sis of a specific variability type.

The total number of variable sources re-
leased in DR3 adds to 9.5 million variable stars
plus one million variable AGN/QSO. They
are subdivided into 24 variability types (and
35 subtypes), 11 of which were validated and
further characterized by the SOS pipelines.
In addition, 2.5 million galaxies were also
identified because of the spurious variability of
these extended sources caused by the variation
of scan-angle of the observations (Eyer et
al., 2022). The following information can be
found for these variable sources in the Gaia
DR3 archive: source identification, multiband
time-series G, GBP and GRP data, along with
attributes for the different types (period, peak-
to-peak amplitudes, mean magnitudes and
colours, etc.) computed by the SOS pipelines
and published in the respective vari (type)
tables. We summarize in Table 1 the number
of variable stars released in Gaia DR3, listing
total numbers in the first two rows and number
broken down into different types specifically
characterized by the SOS pipelines in the re-
maining 11 rows. The last column of the table
provides references to the specific papers de-
scribing the general variability processing, the
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Table 1. Number of variable sources released in Gaia DR3 divided per type. Pulsating stars in
the classical instability strip are highlighted in boldface.

Type Number of sources DR3 table Ref.

Summary of all-types 10.5×106+ 2.5×106 galaxies – (1)
Classification (all-types) 12.4×106 vari classifier result (2)

AGN 872 228 vari agn (3)
Cepheids 15 006 vari cepheid (4)
Compact Companions 6 306 vari compact companion (5)
Eclipsing binaries 2 184 477 vari eclipsing binary (6)
Long-period variables (LPV) 1 720 588 vari long period variable (7)
Main-Sequence Oscillators 54 476 vari ms oscillator (8)
Microlensing events 363 vari microlensing (9)
Planetary transits 214 vari planetary transit (10)
Rotational Modulation 474 026 vari rotational modulation (11)
RR Lyrae stars 270 905 vari rrlyrae (12)
Short-timescale variables 471 679 vari short timescale (13)

References: (1)Eyer et al. (2022); (2)Rimoldini et al. (2022b); (3)Carnerero et al. (2022); (4)Ripepi et al.
(2022b); (5)Gomel et al. (2022); (6)Mowlavi et al. (2022); (7)Lebzelter et al. (2022); (8)Gaia Collaboration
et al. (2022); (9)Wyrzykowski et al. (2022); (10)Panahi et al. (2022); (11)Distefano et al. (2022);
(12)Clementini et al. (2022); (13)Eyer et al. (2022, and references therein).

classification into different types, and the vali-
dation and analysis performed with the SOS
pipelines for 11 DR3 variability types. A full
list of the DR3 variability papers ia available at
https://www.cosmos.esa.int/web/gaia/dr3-
papers, in the section: Variable Star
Classifications and Lightcurves.

3. Pulsating stars in Gaia DR3

The largest fraction of the variable sources
released in Gaia DR3 (34%) are pulsating
stars. Figure 1 shows, highlighted by white
and orange ellipses, the main types of pul-
sating stars for which specific attributes com-
puted by the SOS pipelines are published in
DR3. They can be grouped in three main fami-
lies that, consistently with their different evo-
lutionary phases, populate three different re-
gions of the Hertzsprung-Russell (HR) dia-
gram: Main Sequence Oscillators, LPVs (low
and intermediate-mass stars either on their
red giant branch – RGB, or asymptotic giant
branch – AGB phases) and variable stars in the

classical instability strip (Horizontal Branch
and Blue Loop pulsators).

The Main Sequence Oscillators include
β Cepheids, slowly pulsating stars (SPB), γ
Doradus stars, δ Scuti and SX Phoenicis stars).
They are non-radial pulsators of intermediate
and high mass stars (M ≥ 1.3 M⊙, spectral
types O, B, A, and F) that populate the Main
Sequence for luminosities log L/L⊙ from ∼ 1
to ∼ 4 (see Fig. 1 of Jeffery & Saio, 2016).
Results from the analysis of the DR3 O, B, A,
and F main-sequence pulsators, among which
in particular the Period–Wesenheit (PW) rela-
tion defined by 6511 δ Scuti stars with σϖ/ϖ
<0.05, are presented in Gaia Collaboration et
al. (2022).

The family of LPVs gathers Miras,
Irregulars, Semi-regulars, and Small
Amplitude Red Giant variables. Their lu-
minosity variation is due to single/multi-mode
pulsations in radial and non-radial modes, that
give rise to multiple, parallel period-luminosity
sequences (see e.g. Fig.4 in Trabucchi et al.,
2017). The DR3 catalogue of all-sky LPVs
(Lebzelter et al., 2022) is the largest to date
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Fig. 1. Pulsating stars in the variability tree. In the figure, which is adapted from Fig. 1 of Gaia
Collaboration et al. (2019), the light blue, orange and red ellipses highlight three main families of pulsating
stars for which specific attributes computed by the SOS pipelines are published in DR3: main-sequence
pulsators (β Cepheids – BCEP; slowly pulsating stars — SPB; γ Doradus stars – GDOR; δ Scuti – DST,
and SX Phoenicis stars – SXPHE); giants in the classical instability strip (RR Lyrae stars – RR; Classical
and Anomalous Cepheids – CEP; Type II Cepheids, including W Virgins and BL Herculis types – CW; and
RV Tauris – RV); and long-period variables (Irregulars – L; Miras – M; Semi-regulars – SR; and small-
amplitude red giants – SARG or OSARG).

with 1 720 558 candidates, periods determined
for 392 240 of them, and 546 468 stars clas-
sified as Carbon-star candidates based on the
profile of their epoch RP spectra (see Fig. 3 in
Lebzelter et al., 2022).

Finally, in the following sections we focus
on the pulsating stars that populate the classi-
cal instability (RR Lyrae stars and Cepheids of
different types) and present the catalogues pub-
lished for them in Gaia DR3.

Cepheid and RR Lyrae candidates identi-
fied by the General Supervised Classification
of the CU7 variability pipeline (see Fig. 3
in Eyer et al., 2022) are further processed
with the SOS Cep&RRL pipeline (Clementini
et al., 2016, 2019). Changes and updates of
the SOS Cep&RRL pipeline implemented to
process the DR3 candidates are described in

Clementini et al. (2022) and Ripepi et al.
(2022b). Processing steps performed with the
SOS Cep&RRL pipeline are: i) period deriva-
tion using the Lomb-Scargle algorithm; ii)
non-linear Fourier analysis and modelling of
the G, GBP, GRP, and RV time-series data;
iii) Fourier decomposition of light curves and
RV curves; iv) validation of Cepheids and
identification of their types/pulsation modes
based on period-luminosity (PL) and PW re-
lations calibrated on Gaia’s parallaxes; v)
validation of RR Lyrae stars and identifica-
tion of their types/pulsation modes based on
period-amplitude and Fourier parameters vs
P relations; and vi) derivation of astrophys-
ical parameters ([Fe/H] metallicities; and G-
absorption – A(G) values, only for RR Lyrae
stars) from the Fourier parameters of the G
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light curve. RR Lyrae stars and Cepheids con-
firmed and validated by the SOS Cep&RRL
pipeline (see Clementini et al., 2022; Ripepi et
al., 2022b) are referred to as SOS Cepheids and
SOS RR Lyrae, hereafter.

3.1. Classical pulsators in DR3: the
SOS Cepheid sample

The DR3 SOS Cepheids comprise a total num-
ber of 15 006 sources with magnitudes be-
tween 3.4 and 20.9 in G. The sample includes
474 new Cepheids discovered by Gaia, and
another 327 variable sources with a different
classification in the literature that were re-
classified as Cepheids (Ripepi et al., 2022b).
They are distributed in the MW field and clus-
ters, and in a number of Local Group systems,
from the Magellanic Clouds up to the bright-
est Cepheids in the Andromeda (M31∼750
kpc) and Triangulum (M33∼ 840 kpc) (Ripepi
et al., 2022b) galaxies. They are subdivided
into the following types: i) classical Cepheids
(DCEPs; 12 554 sources), young, bright (MV
from −2 to −7 mag) central helium burning
Population I giants with typical periods from
0.2 up to 100 d, that can pulsate in the fun-
damental (F), first-overtone (1O), and second-
overtone (2O) modes, or in a combination
of them (named Multi in the vari cepheid
table); ii) type 2 Cepheids (T2CEPs; 1 902
sources), Population II variable stars that are
further subdivided into three different types:
BL Herculis (low-mass stars evolving from
the blue Horizontal Branch towards the AGB
with periods in the range from 1 to 4 d); W
Virginis (shell helium-burning low mass AGB
stars with periods from 4 to 20 d) and RV Tauri
(low-intermediate mass stars evolving off the
AGB that pulsate with periods in the range
from 20 to 100 d); and iii) anomalous Cepheids
(ACEPs; 550 sources), central helium burn-
ing low metallicity stars with M = 1.2 -2.6
M⊙ and MV from 0 to −2 mag, that pulsate
in F and 1O modes with periods in the range
from 0.5 to 2.5 d. Table 2 provides the num-
ber of DR3 SOS Cepheids broken down into
type, pulsation mode, and parent stellar sys-
tem. Gaia G, GBP and GRP time-series photom-
etry, for all the SOS Cepheids and RV time-

Table 2. Statistics of the DR3 SOS Cepheids
(Ripepi et al., 2022b).

Sample Number

Total 15,006
Known 14 205
Reclassified 327
New discoveries 474

DCEPs F/1O/Multi 7 334/4 857/363
ACEPs F/1O 306/244
T2CEPs BL/WV/RVT 661/935/306

[Fe/H] (F DCEPs, P< 6.3 d) 5 265
RV time-series 799
Mean RVs (CU6) >2 000

LMC region 4 663
SMC region 4 616
All-sky region 5 221
M31 321
M33 185

Notes: Accurate metallicities from the RVS spectra,
and E(B − V) values from the BP/RP prism spectra
obtained by the gsp spec and gsp phot modules
of the CU8 APSIS pipeline (Creevey et al., 2022)
are also available for ∼ 7-10% of the SOS Cepheids.

series for about 800 of them can be retrieved
from the Gaia archive. Attributes (period, pul-
sation mode, intensity-averaged mean magni-
tudes, amplitudes and Fourier parameters of
the light curves and RV curves) computed by
the SOS Cep&RRL pipeline are published in-
stead in the vari cepheid table (see Ripepi et
al., 2022b, for details).

About 3 400 of the DR3 SOS Cepheids are
DCEPs belonging to the MW. This represents
the largest and most homogeneous dataset of
MW DCEPs published so far. For a thousand
of them the DR3 parallaxes have errors σϖ/ϖ
<0.1 (and RUWE<1.4), therefore allowing to
calibrate with an unprecedented accuracy the
DCEP PL and PW relations and their depen-
dence on metallicity (see e.g. Breuval et al.,
2021, 2022; Ripepi et al., 2021, 2022a). These
relations are crucial to anchor the first step of
the cosmic distance ladder and reduce the un-
certainty in the value of the Hubble constant as
measured from different distance indicators in
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Fig. 2. Distribution on the sky of the SOS RR Lyrae stars released in DR3. The two extended RR Lyrae
overdensities in the bottom right quadrant of the figure trace the haloes of the Large and Small Magellanic
Clouds. The stream of RR Lyrae stars that crosses the Galactic disc is the disrupting Sagittarius dSph galaxy
that becomes visible just left below of the centre of the map. Other lower RR Lyrae overdensities can easily
be recognised, they correspond to RR Lyrae stars belonging to dSphs and globular clusters (GCs), some of
which are labelled.

the local Universe (see e.g. Riess et al., 2021,
2022a,b). Since DCEPs are young stars (t∼50-
500×106 years), they are preferentially located
in regions where star formation is most ac-
tive. In fact the DR3 DCEPs were successfully
used to trace the MW spiral arms (Poggio et
al., 2021; Gaia Collaboration et al., 2022), as
well as to infer the metallicity gradient in the
Galactic disc (Ripepi et al., 2022a; Trentin et
al., 2022) and to identify resonance-like fea-
tures in the Galactic outer disc (Drimmel et al.,
2022).

3.2. Classical pulsators in DR3: the
SOS RR Lyrae sample

The DR3 SOS RR Lyrae comprise a clean
sample of 270 905 sources with G, magnitude
between 7.64 and 21.14 mag. Among them
200 294 are RR Lyrae stars already known
in the literature and 70 611 are new discov-
eries from Gaia. The latter are mainly con-
centrated in the disc and bulge regions of the
MW. With typical ages larger than 9-10 bil-

lion years, RR Lyrae stars are excellent tracers
of the oldest (Population II) stars in galaxies.
They are also standard candles to measure the
distance to stellar systems mainly composed
by an old stellar population. RR Lyrae stars
populate all main Galactic components: disc,
bulge and halo. They are abundant in globu-
lar clusters (GCs) and are found in all types
of galaxies surrounding the MW: Magellanic
Clouds, dwarf spheroidal galaxies (dSphs) and
ultra-faint dwarfs (UFDs). This is confirmed
by the sky distribution of the 270 905 DR3
SOS RR Lyrae shown in Fig. 2. Several RR
Lyrae overdensities can clearly be seen, trac-
ing various MW companions, some of which
are specifically labelled in the figure. About
1 700 DR3 RR Lyrae stars are concentrated in
95 different GCs in Fig. 2 and more than 1100
are spread among 7 dSph and 16 UFD satel-
lites of the MW. RR Lyrae stars play a cru-
cial role in the identification of the “building
blocks” and merging/accretion events that con-
tributed to the build up of the MW halo (see
e.g. Catelan & Smith, 2015; Martı́nez-Vázquez
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et al., 2019, and references therein). Table 3
summarises the number of DR3 SOS RR Lyrae
broken down into fundamental-mode (RRab),
first-overtone mode (RRc), and double-mode
RR Lyrae (RRd), and divided into parent stellar
systems. The table provides also the number of
RR Lyrae for which a photometric metallicity
([Fe/H]) and the absorption in the G-band were
also computed with SOS Cep&RRL pipeline.
Gaia G, GBP and GRP time-series photome-
try, for all the SOS RR Lyrae and RV time-
series for about 1 096 of them can be retrieved
from the Gaia archive. Attributes (period, pul-
sation mode, intensity-averaged mean magni-
tudes, amplitudes and Fourier parameters of
the light curves and RV curves, as well as in-
dividual [Fe/H] and A(G) values computed by
the SOS Cep&RRL pipeline are published in
the vari rrlyrae table (see Clementini et al.,
2022, for details). This is the largest, most ho-
mogeneous, and parameter-rich catalogue of
all-sky RR Lyrae stars down to G ∼21 mag
published so far.

4. Conclusions and future
perspectives

The sheer amount of data from the Gaia mis-
sion represent a gold-mine with applications in
many fields of astrophysics. In particular, they
have a tremendous impact on aspects of the
stellar variability that range from stellar pul-
sation, to the study of stellar populations, and
the distance scale. This is particularly true for
Cepheids and RR Lyrae stars, and much more
is to come thanks to the longer time baseline
and the improved accuracy of the datasets
that will be published in the next releases: a
Focused Product Release in 2023, DR4 at the
end of 2025 with 66 months of data, and DR5
in 2030 containing all data collected by Gaia
in the 5-year nominal duration of the mission
and its extensions. In this same time frame,
the spectroscopic surveys planned with the
new generation spectrographs WEAVE and
4MOST (see contributions from Battaglia and
Chiappini in this conference proceedings) will
provide abundances and radial velocities for
SOS Cepheids and RR Lyrae stars well beyond
the magnitude limit that can be reached by the

Table 3. Statistics of the DR3 SOS RR Lyrae
stars (Clementini et al., 2022).

Sample Number

Total 270 905
Known 200 294
New discoveries 70 611

Fundamental mode (RRab) 174 947
First overtone (RRc) 93 952
Double mode (RRd) 2 006

[Fe/H] 133 559
G-absorption (A(G)) 142 660
RV time-series 1 096
Mean RVs (CU6) 5 096

LMC region 31 379
SMC region 4 788
All-sky region 231 948
95 GCs 1 676
7 dSphs+16 UFDs 1 114

Notes: Metallicities from the RVS spectra obtained
by the gesp spec module of Apsis are also
available for ∼200 RR Lyrae stars. Figure 23 in
Clementini et al. (2022) shows the good agreement
existing between photometric [Fe/H] values from
the SOS Cep&RRL pipeline and RVS metallicities
from gesp spec.

RVS. This will further enhance the role played
by the Gaia Cepheids and RR Lyrae stars as
primary standard candles for the cosmic dis-
tance ladder, as tracers of the different stellar
populations in our Galaxy and beyond, and
as probes of the Milky Way (MW) structure
and assembling process. A strong sinergy will
also exist with the Legacy Survey of Space
and Time (LSST) at the Vera Rubin telescope,
that is expected to reach ∼ 5 mag fainter than
Gaia in photometry and ∼ 3 mag in astrometry
(see Fig. 1 in Ivezić et al., 2015). Finally, the
proposal of a new Gaia-type mission covering
from the optical to the near-infrared (GaiaNIR;
https://ui.adsabs.harvard.edu/abs/2021ExA...tm
p...16H; https://doi.org/10.5281/zenodo.70683
09), hence capable to explore the MW most
reddened regions is under evaluation by ESA.
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