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Pulsating stars as distance indicators and population tracers 



Cepheids and RR Lyrae stars are the most 
important stellar standard candles and 
form the basis of the astronomical 
distance ladder. They are also excellent 
tracers of the structure of the MW and its  
formation through accretion and merger 
events.
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   Cepheids & RR Lyrae: Gaia impact

•   Gaia’s parallaxes 
    With parallax accuracy of 10 μas for V < 12-13 mag ⇒ trigonometric distances  and absolute 
calibration via parallax of the  PL(Z), PW(Z) relations for Cepheids, and the MV-[Fe/H], PLIR(Z), 
PW(Z) relations for RR Lyrae stars ⇒ DISTANCE SCALE ⇒ H0   

•   Gaia’s positions + proper motions + RVS radial velocities 
    Spatial distribution of young and old populations, identification of structures, galactic bars, 
streams, new satellites ….    ⇒ MW structure, formation and assembling process

•   Gaia’s parallaxes + photometry + RVS spectroscopy and radial velocities
   Improved pulsation properties (periods, amplitudes, Fourier parameters) ⇒ metallicities, absorption 
values, physics of  stars, constraints on evolutionary and pulsation models



More than 15000 Cepheids 
of all types (Ripepi+2022)

More than 270,000 RR Lyrae in DR3 in MW and 
35,000 in the Magellanic Clouds

Spatial Distribution of Cepheids and RR Lyrae in Gaia DR3



RR Lyrae Metallicities from the G-band  light curves

Clementini et al. 2023

Muraveva et al. 2025a, ML methods, 
deriver metallicity ÿrom the Fourier 
parameters oÿ the G-band liĀht curves

Monti et al. 2025, DL methods., 
derive metallicity directly ÿrom 
the G-band liĀht curves



RR Lyrae stars as structure tracers
The Draco dSph 
(Muraveva et al. 2020): 
Sample: 285 RRLs
Results: Draco µ = 19.53
±0.07 maĀ, evidence that 
RRLs in the 
western/south-western 
reĀion oÿ Draco appear 
closer to us (possible 
MW interaction).

The SaĀittarius stream (Muraveva et al. 2025b):
Results: SĀr [Fe/H]=-1.62 dex, metallicity Āradient oÿ 0.05 dex/Gyr, 
indicatinĀ that metal-poor RRLs were stripped earlier durinĀ the 
accretion process, study oÿ the ÿar arm.

The Ursa Minor DSph (Garoÿalo et al. 2025)
Results: updated the census oÿ UMi’s variable stars 
(+36%).
We reclassified/ revised properties ÿor some 
sources. New RR Lyrae stars identified ÿrom Gaia 
DR3 are new members oÿ UMi.
RR Lyrae stars suĀĀest that the older population oÿ 
UMi is more spherical and extended than 
previously ÿound.



Absorption in the G-band for DR3 RRab stars

AG values  for  142,660 DR3 RRab stars, based 
on Piersimoni et al. (2002) relations in V, V-I 
transformed to G, G - GRP

AG  values  ÿor  188.733  DR3 RR  Lyrae stars,  
RRab+RRc types ÿrom the new calibration oÿ 
Garoÿalo et al. (2025) which is  directly  based  
on  the Gaia DR3    G, GBP - GRP maĀnitudes  
and colours

Clementini et al. 2023

Garofalo et al in prep.



Cepheids as tracers of the young stellar population in Galaxies

● Classical Cepheids Leavitt Law provide accurate 
relative distances for these pulsators → 3D 
geometry of the young stellar population (50-300 
Myrs). 

● Vista Magellanic Cloud (VMC) survey → time-series 
near infrared photometry (Y,J,Ks) for ~10,000 
Cepheids in the Magellanic Clouds.

● 3D distribution of the Cepheids in the SMC not planar 
but heavily elongated for more than 25-30 kpc in the 
E/NE towards SW direction → result of repeated 
interaction between the Clouds.

● The LMC shows a non-planar distribution, with 
complex structuring. The disc appears 'flared' and 
thick, with a disc scale height of h ~ 0.97 kpc →  
strong tidal interactions with the MW and/or the SMC 
or past merging events with now disrupted LMC 
satellites.

Ripepi et al. 2017, 2022

SMC PL/PW 
relations

SMC elongation



RR Lyrae variables as probes of the Galactic assembly 

● The “Oosterhoff dichotomy"— a gap in the pulsational 
periods of RR Lyrae stars in Galactic Globular Clusters 
and field — has been a puzzle for almost 80 years.

● Thanks to Gaia and other surveys data → orbit calculation 
(integrals of motion) for > 10,000 RR Lyrae variables → 
separation between "in situ" (native to the 
Galaxy) or "accreted" (from merged satellite 
galaxies).

● The Oosterhoff dichotomy is only present in the 
"accreted" population, while the "in situ" stars show a 
continuous distribution, proving that this dichotomy 
was brought into the Milky Way by the merging 
events that shaped the Galaxy.

Luongo et al. 2024



Cepheids as tracers of Galactic disc radial abundance trends

● Classical Cepheids as tracers to map the 
Galactocentric radial gradients of 
chemical elements and analyze the young 
stellar population's spatial distribution in the 
Milky Way disc.

● Homogeneous high-resolution spectroscopy for 
340 Classical Cepheids → radial trends for 
32 chemical species, including the rare  
elements Dysprosium, Erbium, 
Lutetium, and Thorium

● A Fe radial gradient of -0.064±0.002 
dex/kpc is found, confirming a clear negative 
trend for most chemical species across the 
Galactic disc,

Trentin et al. 2026



Period-Age(-[Fe/H]) and Period-Age-Color(-[Fe/H]) relations

+ Theoretical PLMT relation

Evolutionary tim
es inside the predicted instability

 strip

PA, PAC 
PAZ, PACZ 

De Somma et al. 2020, 2021 MNRAS



The cases of M31 and M33

De Somma et al. 2025 ApJ

De Somma et al. 2025 ApJ



Cosmic distance Scale

Identification and resolution of possible systematic errors in the first rung through:
● Properties and reliability as standard candles using theoretical pulsational models (calibration of known relationships and 

identification of new relationships, dependence on metallicity)
● Empirical and theoretical tests based both on models and on the use of photometric and spectroscopic surveys
● Use of parallaxes from Gaia DR3 → DR4

Significant impact expected in the near future with the Rubin-LSST survey, which will allow going 5 magnitudes deeper than Gaia and 
extend the results obtained and being obtained with Gaia in the Milky Way to the Local Group, along with those from JWST and ELT"



Cosmic distance scale: metallicity dependence of Cepheid’s Leavitt-Law

● Reduce uncertainties in the cosmic distance ladder 
by precisely calibrating the effect of metal content 
(metallicity) on the period-luminosity relationship 
of Classical Cepheids (C-MetaLL project).

● Using the largest and most homogeneous 
spectroscopic sample to date (290 stars), we 
applied a robust Bayesian photometric parallax 
technique to simultaneously fit period, metallicity, 
and Gaia parallax zero-point correction.

● The study finds a stronger metallicity dependence   
(ɣ~ -0.5 mag/dex in optical and -0.4 mag/dex in 
near-infrared) than previously reported.

● If confirmed, the value of H0 would be reduced by 
1-2%, slightly reducing the amount of the Hubble 
tension.  Ripepi et al. 2025

W=Ks-0.69(J-Ks)



Light and radial velocity curve model fitting for Galactic Cepheids
 in the Gaia database

Molinaro et al. 2025 A&A

Masses, luminosities, effective temperatures, mean magnitudes 
and colors, distances (!)



The inferred PW relation: theory versus observations.
Molinaro et al. 2025 A&A



PLZ and PWZ relations for RRL: theory versus observations

Bhardwaj+ 2023 MNRAS

The lines are the 
theoretical relations by 
Marconi et al. 2015 ApJS

Bhardwaj+ 2023 MNRAS





cross-cutting RSN2  RSN4





SN progenitors and their variability

various transient events  

star properties and evolution

connect

Proceeding Lorent Center, Elias-Rosa 2018 = Serenelli et al. 2020
https://sngroup.oapd.inaf.it/progenitors.html

observations

discovery + understanding = progress



     Indirect evidences from:
     - light curves and spectral evolution
     - over-time history
     - local SN environments
     - multi-wavelength observations

     Search science archives for optical and 
IR pre-explosion images

SN progenitors and their variability

Leibundgut & Suntzeff 1991; Pastorello+ 2013; Elias-Rosa+ 2018
https://sngroup.oapd.inaf.it/progenitors.html

SN2009ip

How?

SN2010bt

> 50 M⊙ star in 
outburst





Gap transients

https://graspa.oapd.inaf.it/gap.html

-10 mag < Mv < -15 mag

Include:
● Major LBV eruptions (Eta-Car, 

SN2000ch, 2009ip-like in 
2009-2012)

● Isolated major stellar outbursts
● Long-lasting stellar eruptions 
   (S Dor variability)
● Stellar mergers (Luminous Red 

Novae)
● Candidate Electron Capture SNe 

(Intermediate Luminosity Red 
Transients)








