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Cepheids and RR Lyrae are pulsating stars

Jeffrey & Saio, 2016

They lie in the “classical” instability strip.

Their pulsation mechanism is associated to opacity
variations within the H, He and He+ ionization regions.
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• Classical Cepheids: central helium 
burning  stars (M=3÷13M☉, MV= -
2÷- 7 mag, P=1÷100 d; 50÷500 
Myrs). 

• Pulsate in F, 1O, 2O, Multiple 
modes.

• High amplitudes of variations in 
the optical (~ 1 mag) → easy to 
identify even at long distances. 

Classical Cepheids

PHASE

M
AG

J

I

B

V

R

K

Gaia-NIR: next generation astrometric mission. Gathering the interest of the Italian Community.    Bologna, 17-18 January 2024



Classical Cepheids as distance indicators
Since the discovery by Miss Leavitt (1908, 1912) in the SMC,Classical 
Cepheids are known to obey to a Period-Luminosity (P-L) relation.

→ Calibration of the extragalactic distance scale
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Classical Cepheids as distance indicators
Since the discovery by Miss Leavitt (1908, 1912) in the SMC,Classical 
Cepheids are known to obey to a Period-Luminosity (P-L) relation.

→ Calibration of the extragalactic distance scale

But the strip has a finite width → the PL relation is obtained from 
averaging over the color extension of the strip or, as early suggested by 
Madore & Freedman (1991) the PL is the projection of the PLC relation 
onto the PL plane.

The PL is a statistical relation !!
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Classical Cepheids as distance indicators
Since the discovery by Miss Leavitt (1908, 1912) in the SMC,Classical 
Cepheids are known to obey to a Period-Luminosity (P-L) relation.

→ Calibration of the extragalactic distance scale

But the strip has a finite width → the PL relation is obtained from 
averaging over the color extension of the strip or, as early suggested by 
Madore & Freedman (1991) the PL is the projection  of the PLC relation 
onto the PL plane.

The PL is a statistical relation !!

Nonlinear convective
pulsation models confirm
that the topology of the 
instability strip reflects
into the PL 
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Classical Cepheids as distance indicators

Freedman & Madore, 2010

The intrinsic dispersion due to the finite width of the
instability strip as well as to possible metallicity and
reddening differences reduces when moving from the
optical to the NIR filters.
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Classical Cepheids as distance indicators
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The Period-Wesenheit (PW) relation is not as rigorous as the PLC but is reddening free by definition.

Fiorentino, Marconi et al. 2007, A&A

To avoid the effect of the finite width of the instability strip (especially in the optical bands) the
Wesenheit function is often adopted: 

<WBV>=V-γ(B-V)      γ=AV/E(B-V)



• Most important standard candle in the extragalactic 
distance scale used to measure Ho.

Cepheid stars as calibrators  of the cosmic distance scale

Riess+2022
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RR Lyrae stars
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• Old (t>10 Gyr) low mass (0.52<Mo<0.80) 
central helium burning stars. 

• Periods 0.2<P (d) <1.0

• Mv~0.6 mag 

• RRab, RRc, RRd  (F, 1O, mixed F/1O modes)

• Follow Mv-[Fe/H] relation in the optical and 
PLZ relations in the near-infrared



RR Lyrae stars as distance indicators
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The Mv(RR)-[Fe/H] relation

Muraveva et al. 2018, MNRAS



RR Lyrae stars as distance indicators
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The Mv(RR)-[Fe/H] relation

Muraveva et al. 2018, MNRAS

The NIR P-L-[Fe/H] relations and the P-W-[Fe/H] relations

Bhardwaj  et al. 2023, ApJL



Gaia: the game changer

Cepheids RR 
Lyrae

Credit: ESA/Gaia/DPAC, created by: V. Ripepi Credit: ESA/Gaia/DPAC, created by: T. Muraveva & A. Garofalo

NIR PL relations of Cepheids and RR Lyrae before and after Gaia
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Variable sources in DR3 distributed in main types 

Eyer et al. 2022

CMD SMC
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Variable (pulsating) stars in Gaia DR3



Cepheids in the MW and Magellanic Clouds 

Ripepi et al. 2023, A&A

3,434 MW Classical 
Cepheids in Gaia DR3 
→ largest homogeneous 
dataset published so far.

~9,000 Cepheids in the 
Magellanic Clouds
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At the extreme possibility of Gaia: Cepheids in M31 and M33

• 319 Cepheids in Andromeda 
(M31 ~ 0.750 Mpc) 

• 185 Cepheids in Triangulum 
(M33  ~ 0.840 Mpc) 

Ripepi et al. 2023, A&A
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Classical Cepheids
light curves 

Ripepi et al. 2023, A&A
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Period-Luminosity relation of MW Cepheids

The Period-Luminosity relation 
constructed with the Gaia 
measurements (photometry and 
parallaxes) 
→calibrate with unprecedented 
accuracy the first step of the 
Cosmic distance scale.

~1060 Cepheids in Gaia DR3 with high-precision 
parallaxes (distances) 

Milky Way
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LMC



Gaia Data Release 3

Clementini et al. 2023 A&A
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Gaia light curves for RR Lyrae
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DR3 RR Lyrae Stars: position and CMD

Clementini et al. 2023 A&A
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Metallicity for 133.559 RR Lyrae Stars from Fourier parameters

Clementini et al. 2023 A&A
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RR Lyrae Period-Amplitude diagram

Clementini et al. 2023 A&A
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Model predictions for Classical Cepheids in the Gaia filters

De Somma et al. 2020 ApJS 
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Cepheid predicted properties in the Gaia filters

De Somma et al. 2020, 2022.  ApJS 
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Predicted versus observed instability strip in the Period-Gaia magnitude planes
Canonical  l/Hp = 1.5 Canonical  l/Hp = 1.7 Non Canonical  l/Hp = 1.5 

De Somma et al. 2022 ApJS 

Z
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Predicted versus observed Period-Amplitude planes for LMC  Cepheids

De Somma et al. 2022 ApJS 

GBP GRP
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The multi-filter Period-Luminosity-Color and Period-Wesenheit 
relations in the Gaia filters

PW → <W>=<G>-1.9<GBP>-<GRP>=a+blogP

For each chemical composition, mean magnitude and colors are adopted together with the periods to infer 
PLC and PW relations in different filter combinations, including the Gaia bands

PLC → <G>= a+blogP + c<GBP>-<GRP>
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The metal-dependent Period-Wesenheit relations

De Somma et al. 2022 ApJS 

W= a + b logP + c [Fe/H]
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The metal-dependent Period-Wesenheit relations

De Somma et al. 2022 ApJS 

W= a + b logP + c [Fe/H]

Metal dependent PW relations point towards a 
metallicity effect on the zero point varying from 
∼-0.1 mag/dex to ∼-0.2 mag/dex for the F-mode 
relations and from ∼-0.1 dex to ∼-0.3 dex for the 
FO-mode relatios.
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Model predictions for RR Lyrae in the Gaia filters
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Marconi et al. 2021 MNRAS



Model predictions for RR Lyrae in the Gaia filters
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Marconi et al. 2021 MNRAS

Mean magnitudes, colors ad pulsation amplitude in G, GBP and GRP



Model predictions for RR Lyrae in the Gaia filters
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The metal abundance effect:Theory versus Observations

Marconi et al. 2021 MNRAS

Clementini et al. 2023 A&A



Comparison of Gaia data with theoretical RR Lyrae ISs

Clementini et al. 2023 A&A
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The Gaia-NIR perspective
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As well known, key uncertainties affecting optical Cepheid 
PL relations due to the finite width of the instability strip, 
as well as the ones connected to variable extinction and 
metallicity, are significantly reduced in the NIR.

Freedman & Madore, 2010



The Gaia-NIR perspective
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RR Lyrae obey to strict (metal-dependent) PL relations only in the NIR bands

Catelan+2004 ApJS

log P- log Te 
relation

(V-K)-log Te 
relation

Bono+2001 MNRAS



The Gaia-NIR perspective
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● Gaia NIR will allow to derive accurate distances of Cepheids and RR Lyrae stars throughout 
the Galactic plane, including the Galactic bulge, and beyond → thus probing the Galactic 
components and the spiral arms.

● Gaia NIR will provide additional astrometry separated by 20 years from Gaia → 10-20 times 
better proper motions and improved parallax determinations also for standard candles such as 
Cepheids and RR Lyrae.



Conclusions
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● Cepheids and RR Lyrae are important standard candles

● Gaia has provided a huge amount of data and information

● Pulsation models based on nonlinear convective computations are able to predict most of the 
observed properties

● Gaia NIR will allow us to derive precise PL, PLC and PW relations, to improve our calibration of 
the distance scale and our knowledge of the physics of these pulsating stars.

● The significantly improved proper motions and parallaxes will allow us to probe the Galactic
components through and beyond the Bulge.


