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Abstract. We discuss the use and importance of pulsating variable stars as population trac-
ers in Local Group galaxies. Among bright variable crossing the classical instability strip,
we mostly focus on RR Lyrae stars and Anomalous Cepheids. We discuss their pulsation
properties and how it is possible to use them to constrain the evolution and star formation
history of the host galaxy. We discuss RR Lyrae stars as tracers of the old population, and
how they can be used to trace the accretion history of large galaxies such as the Milky Way
and M31, and also the early chemical evolution. Moreover, we show that the frequency of
Anomalous Cepheids follows different relations, and therefore trace the intermediate-age
star formation. Finally, we discuss the different methods to derive distances and the impact
of the Gaia mission. NOT MORE THAN 1000 characters including spaces are allowed,
please doeuble check before submit the paper.
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1. Introduction

The original paper has been modified in order
to be used as demo file and display some of the
features of mem.cls.

Pulsating variable stars are at the cor-
nerstone of many astrophysical fields: stel-
lar pulsation, stellar evolution, stellar atmo-
spheres, dynamical phenomena, stellar popula-
tions, chemical evolution, distance scale (Bono
et al. (1997); Marconi et al. (2015); Kolenberg

et al. (2010); Benkő & Szabó (2015); Feast &
Walker (1987); Riess et al. (2021)). As such,
they are powerful instruments to understand
the evolution of the host galaxy, as they provide
direct insights on the age and metallicity distri-
bution of their parent population (De Somma
et al. (2020); Martı́nez-Vázquez et al. (2016)).

Pulsating variable stars are therefore es-
sential beacons of the so-called “Galactic
Archaeology”, which uses resolved nearby
galaxies in the Local Group (LG) to answer
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fundamental questions about galaxy forma-
tion and evolution (Tolstoy et al. (2009)).
According to the Lambda cold dark matter
model, dwarf galaxies are relatively simple
systems and the first ones to form. They partic-
ipate in the build-up of larger galaxies and thus
they are ideal targets to unravel the physics
governing the formation and early evolution
of galactic structures and essential probes of
the physical ingredients included in current
galaxy formation and evolution models (Dekel
& Silk (1986); Sawala et al. (2010); Mayer
et al. (2001)). In this context, LG galaxies of-
fer a fantastic playground for detailed study
of the mechanisms driving galaxy evolution,
because of the large variety of dwarf galax-
ies with different morphological and evolution-
ary properties, and living in different environ-
ments. Moreover, they can be resolved into in-
dividual stars, for which ages and metallicities
can be determined with the help of stellar evo-
lution and stellar atmospheres theory, together
with the use of different complementary obser-
vational techniques (Gallart et al. (2005)).

2. Observational properties

The first discoveries of RRL stars outside
the Milky Way (MW) dates back to Baade
& Hubble (1939), who reported the discov-
ery of 40 variable stars in the Sculptor dwarf
spheroidal (dSph) galaxy. However, it was
only in the 50s when a significant num-
ber (200) of discoveries occurred (Thackeray
(1950)). Interestingly, RRL stars in the closer
Magellanic Clouds were found later, and by
searching in their globular cluster system
(Thackeray (1951); Thackeray & Wesselink
(1953); Thackeray (1958); Alexander (1960)).
While these first works (Baade & Swope
(1961); van Agt (1967); Swope (1967); van
Agt (1968); Hodge & Wright (1978); Nemec
et al. (1988)) benefited from the wide-field
provided by photographic data, they suffered
from strong limitations on the limit magnitude.
More modern instrumentation (digital sensor
such as charged-coupled devices) allowed to
overcome this problem, but with the price
of a small area coverage. Variable stars have
been searched for and investigated in all bright

MW satellites (Nemec et al. (1988); Siegel
& Majewski (2000); Bersier & Wood (2002);
Dall’Ora et al. (2003); Baldacci et al. (2005);
Kinemuchi et al. (2008); Coppola et al. (2015);
Martı́nez-Vázquez et al. (2016)). In particular,
the Magellanic Clouds have been targeted by
microlensing project such as MACHO (Alcock
et al. (1996)), the subsequent implementations
of the OGLE project (Udalski et al. (1992);
Soszyński et al. (2019)) and, moving to the
NIR regime, by the VMC project (Cioni et al.
(2011)). Also, since the beginning of the 2000s
and thanks to large survey programs such as
the SDSS (Sloan Digital Sky Survey) and DES
(Dark Energy Survey), the number of faint
MW satellites have dramatically increased, ex-
tending the range of properties to very low lu-
minosity (-6 < MV < 0 mag) low metallicity
([Fe/H]∼ -2). Interestingly, a significant frac-
tion of these systems host a few RRL stars, de-
spite the low mass (Vivas et al. (2020)).

Table 1 lists galaxies in and next to the LG,
within 2 Mpc, with known variable stars1. The
table presents name, coordinates, the subgroup
of each galaxy, and the number of RRab, RRc,
Anomalous, Classic, and Type II Cepheids.
The last two columns show the photometric
system in which the variable stars data have
been collected, and the relevant references.
To summarize the observational properties of
bright pulsating variable stars in the IS, we
show the OGLE sample of LMC variables in
both the reddened CMD (see Figure 1) and
in the Wesenheit diagram [I − 1.54(V − I),
which is by construction reddening-free2. See
the caption for the details about the colour
code adopted to display the different classes
and pulsation modes. The data are taken from
the OGLE III project, in particular RRLs are
presented in Soszyński et al. (2009), CCs in

1 We only exclude few isolated dwarf irregular
(dIrr) galaxies for which published data are typi-
cally sparse, old ground-based data for few bright
Cepheids, such as WLM, Pegasus, Sextans A.

2 The Wesenheit is pseudo-magnitude defined as
the different between a magnitude in a specific pass-
band X minus a colour term multiplied by coeffi-
cient representing the ratio between the selective ab-
soprtion in the X band and the colour excess in the
assumed colour.
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Fig. 1. Please prefer the use of .png, .jpeg, .eps format to PDF that can give us difficulty in the prodoc-
tion phase I, V-I Colour magnitude distribution of RRLs, TIICs, ACs and CCs in the LMC. Reddened
apparent magnitude are considered. Small points show the location of RRab (black) and RRc (pink) stars.
Yellow and green filled triangles are used for fundamental and first overtone ACs, respectively. Similarly,
orange and teal filled small circles show fundamental and first overtone CCs. Larggge open symbols are
used for TIICs: BL Her (grey circles), W Vir (red triangles), and RV Tau (blue circles).

Soszyński et al. (2008a) and finally TIICs and
ACs are discussed in Soszyński et al. (2008b).
In the CMD the considered variable stars par-
tially overlap, making the separation among
the different classes difficult. Since also the pe-
riod ranges partially overlap, the Wesenheit di-
agram seems to be the best tool to properly
classify different types of variables according

to their magnitude/colour/period distribution.
This is shown in Figure 2, which shows the pe-
riod distribution of the four different types of
pulsators, for the same stars as in Figure 1.
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Table 1. List of the properties of dwarf galaxies.

Galaxy [Fe/H] distance NRR NCep NACep

Carina -2.1
Fornax
Sculptor
Draco

2.1. RR Lyrae stars

RRLs stars populate the intersection of the
IS with the Horizontal Branch (HB). They
are therefore low-mass (0.6-0.8M⊙), relatively
bright (MV ∼ +0.5mag) stars burning He in
their core. The RRL IS is well defined in
colour, therefore in temperature, and limited
to B–V colour between ∼0.2 and ∼0.8 mag
(Walker (1989)). The majority of RRL stars
are known to pulsate either in the fundamen-
tal (FU or RRab) or in the first-overtone (FO
or RRc) pulsation mode. The former are char-
acterized by longer period (∼0.45 to ∼1 d),
larger maximum amplitude (up to above 1 mag
in the blue optical pass-bands), and asymmet-
ric, saw-tooth-like light curves. RRc present
on the other hand shorter periods (∼0.25 to
∼0.45 d), amplitude barely reaching 0.7 mag
in the visual, smoother and more sinusoidal
light curves. Moreover, a fraction of RRL stars
that ranges from few percents to 10%, depend-
ing on the mean metallicity of the host system,
have been found to pulsate in both the funda-
mental and the first-overtone modes simulta-
neously (double pulsators or RRd). They typ-
ically have periods close to 0.4 d, small ampli-
tude, and noisy light curves resulting from the
superposition of the two modes (Braga et al.
(2021)).

RRLs have been observed in virtually all
the stellar systems they have been searched for:
in globular clusters, in the MW (halo, bulge,
thick disk) and in the M31 (halo, disk) field,
as well as in dwarf galaxies, with few rare ex-
ceptions such as very small mass spheroidal
galaxies in the so-called ultra-faint regime

Fig. 2. Period distribution of different types of pul-
sators. The data and the colour-code are the same as
in Figure 1.

(Vivas et al. (2019)). For this reason, and
given that they are primary distance indica-
tors, they provide a complementary, popula-
tion II route to calibrate the distance scale
to estimate the Hubble constant, such as that
investigated by the Carnegie-Chicago Hubble
Program (Beaton et al. (2016)).

3. Conclusions

The field of pulsating variable stars is now en-
tering a new era, with new scientific and tech-
nological challenges.

Ongoing and future surveys - Large data
sets from ongoing surveys allow for contin-
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uous discovery of new variable stars. Bigger
surveys imply more complex data management
and analysis, already well beyond the lim-
its of the human lifetime workload capabili-
ties. Considering the variable stars works in
LG galaxies revised here, we see that most of
them were small-scale, handcrafted analysis,
checking candidates by eye one by one. The
present and future challenges have shifted to
the industrial era of automatization of the main
phases of the process: identification (aiming at
the highest completeness with the minimum
contamination), characterization (period, am-
plitude, mean magnitude), and classification of
variable sources. A huge effort is now required
to develop analysis technique that, making use
of artificial intelligence and machine learning
algorithms in a big data approach, can deal
with the enormous amount of incoming data
([e.g. Richards et al. (2011); Elorrieta et al.
(2016); Hernitschek et al. (2016); Holl et al.
(2018); Hosenie et al. (2019)). The best exam-
ple is the Rubin-LSST which, in the near fu-
ture will produce of the order of 15 Tb of data
every night, and will perform real-time analy-
sis in order to deliver alerts minutes after the
observations, for prompt follow-up of varying
sources.

Tracing the MW components and its sur-
roundings - Gaia DR3 will publish time series
data for millions of stars over the whole sky.
Combined with radial velocities and proper
motions, this will allow us to identify the rem-
nants of the MW building blocks, character-
ize their evolution, and associate their GCs and
variable stars population so to have a com-
plete view of the MW building blocks (Massari
et al. (2019); Gallart et al. (2019)). Gaia’s vari-
able stars will also allow us to study at least
the closest dwarf satellites, tracing their exten-
sion, internal structure, and possible interac-
tions with the MW as traced by streams or ex-
tratidal features. In the next years, Rubin-LSST
will allow us to identify RRL stars out to 400
kpc, thus including the whole MW halo and
all the southern MW satellites, with 6-bands
single-epoch photometry 3 magnitude fainter
than, and therefore highly complementary to,
Gaia. Moving to the NIR, the high spatial res-
olution NIR capabilities of ERIS at the VLT

will be able, from 2022, to open a new path to
the extremely crowded and reddened regions of
the galactic bulge, helping to unravel the early
history of the MW. On the other hand, wide-
field space facilities such as the Nancy Grace
Roman Space Telescope will allow to study
RRL stars in the NIR well beyond the LG lim-
its.

Anchoring the first step of the distance
scale - The improved parallaxes of Gaia
will nail down the systematic errors affect-
ing the first step of the distance scale of both
Population I and Population II tracers, as dis-
cussed above. Nevertheless, Gaia information
alone is not enough, as accurate metallici-
ties for the calibrator stars are necessary. At
present, a limited set of stars with accurate
metallicities is available, but ongoing projects
are rapidly increasing the statistics (Crestani
et al. (2021)). In the near future, new genera-
tion instruments such as WEAVE, which will
start operating in the first half of 2022, and
4MOST, will allow to substantially increase
the number of stars with accurate chemical
abundance determinations, and this will be cru-
cial to estimate the metallicity dependence of
the distance relations of both RRL stars and
Cepheid stars.
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