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The Local Group

The Local Group in a nutshell

- mass-dominated by two spirals
- few “massive dwarfs” (M33, MCs)
- variety of morphological types 
(dSph, dIrr, dTr, dE)
- morphology-density relation
- variety of star formation history 
(SFH)
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Variable stars in  Local Group galaxies

Monelli & Fiorentino+2022
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RR Lyrae stars as 
chemical evolution

tracers
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Gilligan+2021

High Resolution

RR Lyrae stars as chemical evolution tracers

Low Resolution

Fabrizio+2019

Fourier coefficients

Mullen+2021,2022
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RR Lyrae stars as chemical evolution tracers

Period-Luminosity relation

Martínez-Vázquez+2016 Braga+2016

Inverse of the PL(I)

★ works for individual stars

★ relies on solid observables

★ needs an independent distance

★ dispersion is a solid estimate

★ resolution of ~0.25 dex
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RR Lyrae stars as chemical evolution tracers

Period-Luminosity relation

Martínez-Vázquez+2016

Inverse of the PL(I)

★ works for individual stars

★ relies on solid observables

★ needs an independent distance

★ dispersion is a solid estimate

★ resolution of ~0.25 dex
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RR Lyrae stars as chemical evolution tracers Martínez-Vázquez+2015,2016ab

Sculptor dSph
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RR Lyrae stars as chemical evolution tracers Martínez-Vázquez+2015,2016ab

Sculptor dSph
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RR Lyrae stars as chemical evolution tracers Martínez-Vázquez+2015,2016ab

Sculptor dSph
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RR Lyrae stars as chemical evolution tracers Martínez-Vázquez+2015,2016ab

Sculptor dSph
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RR Lyrae stars as chemical evolution tracers Bernard+2008, Monelli+2010

Tucana dSph
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RR Lyrae stars as chemical evolution tracers

Tucana: Bernard+08

RRabRRc
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Bernard+2008, Monelli+2010

Tucana dSph
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RR Lyrae stars as chemical evolution tracers

Towards a global vision of the early 
chemical evolution in the whole 
Local Group

Martínez-Vazquez+ in prep.
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RR Lyrae stars as 
distance
tracers
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Hubble tension

Riess+2022

RR Lyrae stars as distances indicators
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Groenewegen 2017

RR Lyrae stars as distances indicators
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RR Lyrae stars as distances indicators De Grjijs 2011
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Di Valentino+2025, The Cosmoverse white paper
Verde+2024, ARA&A

RR Lyrae stars as distances indicators De Grjijs 2011
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Groenewegen 2017

RR Lyrae stars as distances indicators
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Pre-Gaia Post-Gaia

Game changer: Gaia!

Groenewegen 2017

RR Lyrae stars as distances indicators
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b

Vandenberg 2000
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b

Vandenberg 2000

Pietrinferni+2021
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b

Vandenberg 2000

Pietrinferni+2021

Cassisi & Salaris 2014
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b

Vandenberg 2000

Arp, Baum & Sandage 1952
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

Why?

Basically EVERY LG galaxy with known RRL stars have a 
distance calculated with this method

   MV= a·[Fe/H] + b
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b
Why?

Basically EVERY LG galaxy with known RRL stars have a 
distance calculated with this method

1) easy

2) linear

3) two observables (apparent mean magnitude, metallicity)

→ powerful and widely used



M. Monelli                                     Population II pulsating stars as tracers of the Milky Way and Local Group evolution                                             Oct 27-31, 2025

RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

Caveats

i. calibration: a = ?  b = ?

many different calibrations: <MV>= 0.18[Fe/H]+0.74 (Carretta+00)
                                            <MV>= 0.214[Fe/H]+0.88 (Clementini+03)
                                            <MV>= 0.29[Fe/H]+0.96 (McNamara+97)

➜ Difference of the order of 0.2 mag 

   MV= a·[Fe/H] + b
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

Caveats

i. calibration: a = ?  b = ?

many different calibrations: <MV>= 0.18[Fe/H]+0.74 (Carretta+00)
                                            <MV>= 0.214[Fe/H]+0.88 (Clementini+03)
                                            <MV>= 0.29[Fe/H]+0.96 (McNamara+97)

➜ Difference of the order of 0.2 mag 

   MV= a·[Fe/H] + b

Monelli & Fiorentino 2022
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b

Caveats

 ii. Reddening: an uncertainty of 0.01 mag on the E(B-V) 
translates into a 0.03 mag error on the distance

    Differential reddening ???
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + bCaveats

iii. Linearity: evidence supports that the relation is NOT linear, but it is 
steeper in the more metal-rich regime (Caputo+00)

                                             

                                              <MV>= 0.177[Fe/H]+0.718 if [Fe/H] < -1.6
          = 0.359[Fe/H]+1.038 if [Fe/H] > -1.6 (Bono+03)    

<MV> = 1.415 +0.893[Fe/H] +0.190[Fe/H]2

Cassisi & Salaris 2014
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b

Caveats

iv. Metallicity: [Fe/H] = ?

a) lack of high-resolution spectroscopy of RR Lyrae stars in dwarf

b) dependence on the metallicity scale

c) observation provide Fe (or a proxy, such as Ca), but the models assume the 
global metallicity [M/H]  → knowledge α-enhancement is crucial

d) MV depends on the He abundance as well 
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + bCaveats

v. metallicity

Metallicities based RGB stars+ CaT may not be representative of old RR Lyrae stars

Ho+2015
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b

Caveats

iv. Metallicity: [Fe/H] = ?

The populations of RR Lyrae stars in 
galaxies are often complex and 
present an intrinsic spread in 
metallicity. A large spread in metallicity 
in the RR Lyrae population cause an 
intrinsic spread in luminosity
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + b

Caveats

v. Apparent magnitude

How to calculate the mean magnitude of a star? 
The mean magnitude of a static star is different 
from the intensity averaged mean magnitude of a 
RRL, by few hundredths

How to calculate the mean magnitude of the 
population of RRL stars?

<intensity>

<magnitude>

Marconi 2003
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

   MV= a·[Fe/H] + bCaveats

v. Apparent magnitude: Evolutionary effects
are completely neglected: HB stars spend most of their          
life at a magnitude level ~0.1 mag brighter  than the 
ZAHB, with strong dependence on the HB morphology.

Dependency on the HB morphology…

Cassisi & Salaris 2014



M. Monelli                                     Population II pulsating stars as tracers of the Milky Way and Local Group evolution                                             Oct 27-31, 2025

RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

Muraveva+2018
Gaia DR2 + GC, calibrated using using a sample of ~400 
stars, but only 23 with HR metallicity.
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

Muraveva+2018
Gaia DR2 + GC, calibrated using using a sample of ~400 
stars, but only 23 with HR metallicity.

Garofalo+2022
Gaia DR3 + GC
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RR Lyrae stars as distances indicators: the Luminosity-Metallicity relation

Muraveva+2018
Gaia DR2 + GC, calibrated using using a sample of ~400 
stars, but only 23 with HR metallicity.

Garofalo+2022
Gaia DR3 + GC

MG - [Fe/H]
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Period-luminosity relation

RR Lyrae stars as distances indicators: Period-luminosity relations

   MV= a + b*logP + c·[Fe/H]

Catelan+04
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RR Lyrae stars as distances indicators: Period-luminosity relations

Marconi+2015,2018,2022
BV ➜ distance    +    PL(I) ➜ metallicity
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RR Lyrae stars as distances indicators

Bhardwaj 2022
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RR Lyrae stars as distances indicators

Bhardwaj+2023: calibration of the metallicity 
dependence of the Period-Luminosity relation using 
NIR photometry of RRL stars in Globular Clusters
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RR Lyrae stars as distances indicators

Zgirski+2023: calibration of the Period-Luminosity 
relation using NIR photometry of 27 field RRL stars, 
anchored to Gaia distances
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RR Lyrae stars as distances indicators

Garofalo+2023: calibration of the 
Period-Wesenheit relation in the Gaia bands 
using Gaia distances + spectroscopic 
measurements
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RR Lyrae stars as distances indicators
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RR Lyrae stars as distances indicators

Pegasus
MV ~ -14.2 mag
[Fe/H] ~ -1.4
D~920 Kpc
NRRL = 867

WLM
MV ~ -12.2 mag
[Fe/H] ~ -1.3
D~933 Kpc
NRRL = 154

DDO210
MV~ -10.6 mag
[Fe/H] ~ -1.3
D~1072 Kpc
NRRL = 36

Leo P
MV ~ -9.4 mag
[Fe/H] ~ -1.7
D~1700 Kpc
NRRL = 13
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RR Lyrae stars as distances indicators

Pegasus
MV ~ -14.2 mag
[Fe/H] ~ -1.4
D~920 Kpc
NRRL = 867
NC = 46

WLM
MV ~ -12.2 mag
[Fe/H] ~ -1.3
D~933 Kpc
NRRL = 154
NC = 81

DDO210
MV~ -10.6 mag
[Fe/H] ~ -1.3
D~1072 Kpc
NRRL = 36
NC = 81

Leo P
MV ~ -9.4 mag
[Fe/H] ~ -1.7
D~1700 Kpc
NRRL = 13
NC = 27

Fiorentino, MM et al. (in prep)
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Low metallicity regime:
plenty of ACs, but mix with 
ACs 

RR Lyrae stars as distances indicators
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RR Lyrae stars
and the Milky Way formation
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RR Lyrae as tracers of the MW assembly history
Fiorentino+2015

Milky Way halo:
13,700 stars from
Catalina, ASAS, 

QUEST

LMC: 17,400 stars
Sagittarius: 1600 
stars from OGLE

Collection of 
globular clusters: 

1300 stars
and dwarf galaxies: 

800 stars
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RR Lyrae as tracers of the MW assembly history
Fiorentino+2015

Milky Way halo:
13,700 stars from
Catalina, ASAS, 

QUEST

LMC: 17,400 stars
Sagittarius: 1600 
stars from OGLE

Collection of 
globular clusters: 

1300 stars
and dwarf galaxies: 

800 stars

HASP RRL 
stars:

High Amplitude 
Short Period
P < 0.48 d

A > 0.75 mag
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RR Lyrae as tracers of the MW assembly history
Fiorentino+2015

[Fe/H] ≤ -1.9

-1.9 < [Fe/H] < -1.5

-1.4 < [Fe/H] ≤ -1.1

-1.5 ≤ [Fe/H] ≤ -1.4
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RR Lyrae as tracers of the MW assembly history
Fiorentino+2015
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HIGH
LOW

RR Lyrae as tracers of the MW assembly history
Fiorentino+2015
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The halo has a (relatively) 
“metal-rich” old component

Massive dwarf galaxies have a 
(relatively) “metal-rich” old component

(relatively) metal-rich globular clusters 
hosting RRL stars do exist

Low-mass dwarf galaxies do NOT 
have a (relatively) “metal-rich” old 

component

RR Lyrae as tracers of the MW assembly history
Fiorentino+2015
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RR Lyrae as tracers of the MW assembly history

★ Fornax: ~2000 RRL stars 
★ most massive of the low mass dSph 
★ still a marginal contribution to the halo

Fiorentino+2017
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RR Lyrae as tracers of the MW assembly history

The same occurs in M31!

Monelli+2017
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RR Lyrae stars as 
star formation history tracers:

dwarf galaxies
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II

observed CMD

model CMD

The distribution of stars in an observed CMD is 
compared with that of model CMD.

Any SFH can be represented as a function of two 
independent variables: AGE and METALLICITY

The SFH of resolved stellar systems
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Look-back time (Gyr)

[M
/

H
]

Look-back time (Gyr)

The SFH of resolved stellar systems
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Look-back time (Gyr)

[M
/

H
]

Look-back time (Gyr)

The SFH of resolved stellar systems
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Simple population
Ensemble of stars formed in 
a small range of ages and 
metallicity

Each simple population has an 
associated CMD

The SFH of resolved stellar systems
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The SFH of resolved stellar systems
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SOLUTION SFH

REFERENCE 
MODEL SFH 

GLOBAL MODEL CMD

OBSERVED CMD

The SFH of resolved stellar systems
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SOLUTION SFH

REFERENCE 
MODEL SFH 

GLOBAL MODEL CMD

OBSERVED CMD

The SFH of resolved stellar systems
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The SFH of resolved stellar systems
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Well measured 
Turn-Off stars are 
crucial to 
have 1 Gyr resolution 
at old ages

The SFH of resolved stellar systems
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The SFH of resolved stellar systems

SLOW dwarf galaxies

FAST dwarf galaxies

Gallart+2015



M. Monelli                                     Population II pulsating stars as tracers of the Milky Way and Local Group evolution                                             Oct 27-31, 2025

N
RGB

N
RR

Ψ
(t)

t Monelli+(in prep.)

RR Lyrae stars and SFH
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N
RGB

N
RR

Ψ
(t)

t Monelli+(in prep.)

RR Lyrae stars and SFH
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FAST

SLOW
SLOW

FAST

RR Lyrae stars and SFH

Monelli+(in prep.)
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Predict the fraction of old population using RR Lyrae out to 6 Mpc

Monelli+(in prep.)

RR Lyrae stars and SFH

Monelli+(in prep.)
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Fiorentino+2017
RR Lyrae stars and SFH
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RR Lyrae stars and SFH

INTERMEDIATE AGE

CLASSICAL 
CEPHEIDS

RR LYRAE

BINARIESANOMALOUS 
CEPHEIDS
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Anomalous Cepheids and SFH

Monelli & Fiorentino 2022Mateo 1995
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binaries + 
intermediate age 
stars

binaries 

RR Lyrae and SFH

Monelli & Fiorentino 2022Mateo 1995
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On the Local Group
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Van den Bergh 2000

The Local Group: an accelerating revolution

- missing satellite problem
- LG dwarf galaxies as survivors of  
  the accretion process that formed  
  the MW and M31
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Van den Bergh 2000

2025

 ~ 120 dwarf galaxies in the LG

The Local Group: an accelerating revolution
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Van den Bergh 2000

2025

 ~ 120 dwarf galaxies in the LG

The Local Group: an accelerating revolution

Pace 2024
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Belokurov+2006; Willman+2005; Slater+2011; 
Martin+2013; Koposov+2015; Torrealba+2019; 
Collins+2022, …

The Local Group: an accelerating revolution

Casey+2025
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Pace 2024

The Local Group: an accelerating revolution
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Photometry

➔ Wide-field imagers
   (WFI@2.2m, WFC@INT, MOSAICII@Blanco,  
   CFH12K@CFHT, SuprimeCam@Subaru)

Carina: Monelli+2003

Okamoto+2017
De Boer+2012

Monelli+2003

The Local Group: an accelerating revolution

- Deep sub-TO photometry of a large fraction of the 
MW satellites

- Population gradients (Monelli+03, Okamoto+12)
- Age gradients (Battaglia+12)
- Large diversity of SFH (Tolstoy+09)



M. Monelli                                     Population II pulsating stars as tracers of the Milky Way and Local Group evolution                                             Oct 27-31, 2025

Carina: Monelli+2003

Multi-populations in CGs (e.g. Piotto+15) 

Skillman+2013

Piotto+2007 Bedin+2014

Brown+2003

CMD reaching the oldest TO in the whole LC
SFH with age resolution of 1 Gyr at >10 Gyr (Monelli+2010c)
Population gradients (outside-in scenario, Hidalgo+13)
Environmental effect (Gallart+15; Martin+17)
Interactions (Ruiz-Lara+2021)
Reionization (Brown+14; Weisz+14; Monelli+20b; Simon+21)
Feedback (Gallart+21)

The Local Group: an accelerating revolution

Photometry

➔ Wide-field imagers
➔ high spatial resolution of the HST
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Spectroscopy

� Multiobjetc Spectroscopy
The properties of current MW satellite do not match those of the 
building-blocks that accreted during the early MW evolution 

Popovic+ 2004

Letarte+08

Fornax dSph

Hill+08

Sculptor dSph

HALO THICK 
DISK THIN 

DISK

The Local Group: an accelerating revolution
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Hunt & Vasiliev 2025

The Local Group: an accelerating revolution
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Hunt & Vasiliev 2025

The Local Group: an accelerating revolution
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Careful to subtle systematic differences!!!

Survey of Surveys:
Tsantaki+2022 (11 M*)
Turchi+2025 (23 M*)

Spectrotranslator:
Thomas+2024

Tsantaki+2022

The Local Group: an accelerating revolution

Thomas+2024
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Substructures around M31 

The Local Group: an accelerating revolution

Ibata+2014, Ferguson+2016

PAndAS project
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Substructures around the MW
Malhan+2018
Ibata+2024

The Local Group: an accelerating revolution

Helmi 2019
Bonaca & Price-Whelan 2025
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Gaia Photometry
Gaia DR2+2018

+ radial velocities
Koppelman+2018

+ abundances 
from surveys
Helmi+2018

+ ages
Gallart+2019

The discovery of
Gaia-Enceladus

Kruijssen+2020

The Local Group: an accelerating revolution SYNERGY!!!
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Mosaic-II, Blanco 4m telescope 1998-2012

Wide Field Camera, 2.5m Isaac Newton Telescope 1998-2024

Wide Field Imager, 2.2m ESO/MPI Telescope 1998-2024

The Local Group: an accelerating revolution
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Mosaic-II, Blanco 4m telescope 1998-2012

Wide Field Camera, 2.5m Isaac Newton Telescope 1998-2024

The Local Group: an accelerating revolution

Wide Field Imager, 2.2m ESO/MPI Telescope 1998-2024

Rubin/LSST

LSSTCAM:
➔189 CCDs
➔3.2 Gpx
➔9.8 deg2

➔20 Tb/night
➔15 Pb end of survey

➔20 B galaxies
➔17 B stars
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Feature PLATO (ESA, 2026) Nancy Grace Roman (NASA, 2026) Euclid (ESA, 2023)

Primary 
science goal

Exoplanet detection and 
characterization; asteroseismology

Dark energy / cosmology (weak 
lensing & BAO), exoplanets 
time-domain 

Dark energy / cosmology through 
weak lensing and BAO

Telescope 
aperture

12 cm × 24 2.4 m 1.2 m

Field of View 
(FoV)

2232 deg² total ~0.28 deg² per pointing ~0.54 deg²

Wavelength 
coverage

500–1050 nm (optical) 0.48–2.3 μm (optical + near-IR) 0.55–2.0 μm (VIS + NIR)

Photometry High-precision optical photometry 
(ppm level)

High-quality optical/NIR photometry Deep VIS + NIR photometry

Spectroscopy none Low-resolution slitless spectroscopy 
(grism / prism)

NIR slitless spectroscopy

Angular 
resolution

~15 "/px ~0.11 "/px VIS VIS: ~0.1 ″/px; 0.3 "/px NIR

The Local Group: an accelerating revolution
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The Local Group: an accelerating revolution
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The Local Group: an accelerating revolution

Catelan 2023
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matteo.monelli@inaf.it

Thanks!

SYNERGIES!

★ use complementary approaches
★ use complementary observables
★ use complementary surveys
★ use (develop) unforeseen techniques (IA)


