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Take-home message
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Take-home message

You will be drowning in datal
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RR Lyrae stars
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Pulsating stars: Context Large Magellanic Cloud, OGLE IV
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Pulsating stars: Context
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Pulsating stars: Context
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Pulsating stars: Context
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Pulsating stars: Context M, = a + b-logP +c-[Fe/H]
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Pulsating stars: Context
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Pulsating stars: Context
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How far is the most distant known RRL star?
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How far is the most distant known RRL star?
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How far is the most distant known RRL star?
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How many RRL stars do we know?
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How many RRL stars do we know?

-

OGLE 2002- 129,000 Vi
PAN-STARRS | DR2 (3 yr) 45,000 griz
ASAS-SN 2013- 36,000 Vl-g

ZTF DR3 (21 months) | 70,000 gri

Gaia DR3 (34 months) | 270,000 G G, Gy

-
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The most comprehensive catalogue of RR Lyrae stars

-~

\_

Full credit for the next slides to
Vittorio Braga and Giuseppe Bono
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The most comprehensive catalogue of RR Lyrae stars

All (303456)

f Gaia

optical - Catalina, ASAS, ASAS-SN, GCVS, SDSS, OGLE,

Pan-STARRS1, LINEAR, ROTSE-I, LONEOQOS, ZTF, QUEST,

near infrared - 2MASS, UKIRT, VHS

mid infrared - WISE, NEO-WISE, AIIWISE, SPITZER
Kultraviolet - GALEX

J

[ Photometric catalogue }

[ Bono, Braga+ subm. ]
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The most comprehensive catalogue of RR Lyrae stars [ Photometric catalogue }

All (303456)
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The most comprehensive catalogue of RR Lyrae stars [ Photometric catalogue }

All (303456)
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The most comprehensive catalogue of RR Lyrae stars

Spectroscopic catalogue

Dataset RV [Fe/H] [a/Fe]
LR  HR LR HR HR
RRL

Crestani 576 8117°  159+78°  201°
~HR (487 RRL, 64 HB) D24 78 60
-LR (15858 RRL, 147 HB) D25 3

Sesar et al. (2013) 21

Liu et al. (2020) e 303

LAMOST 5436

SDSS 1688

Gaia 5895 ... scoza o

GALAH e 2307 i 119 51

Zinn et al. (2020) 104 195

Kinman et al. (2012) 51

Dambis et al. (2013, 2014) 9

RAVE P 3 i

Duffan et al. (2014) 39 36

Hansen et al. (2011) 2

Nemec et al. (2013) i 11

DESI 1227 e

G21 % 14

Medina et al. (2021) o 15

HB
For & Sneden (2010) e 45 46 39
Kinman*® 123 18 9 7

Total of ~16,000 stars
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The most comprehensive catalogue of RR Lyrae stars Spectroscopic catalogue
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The most comprehensive catalogue of RR Lyrae stars [ Spectroscopic catalogue }
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[ Spectroscopic catalogue }
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[ Spectroscopic catalogue
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Dissecting the MW with RRLy -
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Dissecting the MW with RR Lyrae stars

[ Laner2022 |
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Figure 1 A schematic diagram of the trend of a-element abundance with metallicity. Increased
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Dissecting the MW with RR Ly -
a) Halo ‘ | :
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Dissecting the MW with RR Ly  -sf = <5 i o e ™
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Dissecting the MW with RR Lyrae stars

I a) Halo

N=3179 u=-1.586 0=0.37

:[ Chemical Characterization }

300F b) Thick z;is;( E / \
- - 1{ Metallicity distribution:

% Peak shifts to higher
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% Dispersion increases

b @) rewegrade r, < 025 1| Yk Metal-rich tail in the thick
N=99 pu=-—1.65 0=0.40 dlSk

@etregrade ~ halo /
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Dissecting the MW with RR Lyrae stars
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Dissecting the MW with RR Lyrae stars

[ Helmi+1999,2000 ]

3000

Figure 3. Initial distribution of particles in the integrals of motion space. The different colours represent different satellites.
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Dissecting the MW with RR Lyrae stars

[ Helmi+1999,2000 ]

3000

Figure 3. Initial distribution of particles in the integrals of motion space. The different colours represent different satellites.
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Dissecting the MW with RR Lyrae stars

[ Helmi 2019 ]
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Dissecting the MW with RR Lyrae stars

[ Helmi 2019 ]
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Dissecting the MW with RR Lyrae stars
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Dissecting the MW with RR Lyrae stars
200l @) GSE 3 & e) ?:E
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R o0 o
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= oor 1 % _______________________________________
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Metallicity gradients

ﬁ\in: limited distance but \

steeper gradient

% Thick: well defined radial
gradient; increase of dispers
at the solar circle

large dispersion over a large
distance range

% Dry halo: no stars from
streams.

-

ion

% Halo+retro: mild gradient and

/
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Metallicity gradients
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% Overall good agreement
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% GES: flat + constant dispersion.
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Metallicity of RR Lyrae stars: Spectroscopy

High Resolution

1.00 4

0.75 - Iy

0.50 -

Normalized Flux

4300 4305 4310 4315 4320 4325 4330
Wavelength (4] | ailigan+2021 |

CR > 20,000 \

% fundamental parameter determination
% line/spectral synthesis
* errors in [Fe/H] ~ 0.2 dex

¢ tricky business!
+« doppler shift, line deformation, P Cygni profile, shocks
+ high S/N in a short time

&slow process J

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




Metallicity of RR Lyrae stars: Spectroscopy

High Resolution

1.00 4

Normalized Flux
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)

Wavelength [A] [ Giligan+2021
aR > 20,000

% fundamental parameter determination
% line/spectral synthesis
* errors in [Fe/H] ~ 0.2 dex

¢ tricky business!

+« doppler shift, line deformation, P Cygni profile, shocks
+ high S/N in a short time

% slow process

~

/

-

Radial velocity:
<3000 *

Metallicity:
<400 *

-  4MOST
- WEAVE

-

thousands of RRL stars

~

/
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Metallicity of RR Lyrae stars: Spectroscopy

Low Resolution

Flux [a.u.]

| 2544136114148222848 | G=17.31 mag
. [Fe/H]=-1.45 i Gpp—Ggpp=0.64 mag

Flux [a.u.]

1528463686803632384 |||  G=18.14 mag
[Fe/H]=-1.12 © 1 Ggp—Ggp=0.59 mag

Flux [a.u.]

972922002212876032 : : G=19.36 mag
[Fe/H]=-1.83 © 1 Ggp—Ggp=0.72 mag

0.2

3910 3920 3930 3940 3950 4050 4100 4150 4200 4250 4300 4350 4400 4450 4750 4800 4850 4900 4950
Wavel. [4] Wavel. [A] Wavel. [A] Wavel. [A]

| Fabrizio+2019 |
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Low Resolution

Flux [a.u.]
o
)

o
S

©
[
T

\[ Ho \[ Hy
3 2544136114148222848 ! G=17.31 mag
. [Fe/H]=-1.45 Gpp—Ggp=0.64 mag

-
o

o©
©
T

0.8

Flux [a.u.]

0.4

0.2

|| 1528463686803632384 '
[Fe/H]=-1.12

G=18.14 mag
Ggp—GRp=0.59 mag

& R > 2,000
* Preston (1959) difference in
equivalent width of Ca Il Kline
and Balmer lines
% more efficient
* less precise ~0.3-0.4 dex

1.0

0.8[

0.8

Flux [a.u.]

0.4

0.2

1! 972022002212876032 |
[Fe/H]=—1.83 '

G=19.36 mag
Ggp—Ggp=0.72 mag

3910 3920 3930 3940 3950
Wavel. [A]

4050 4100 4150 4200
Wavel. [A]

4250 4300 4350 4400 4450
Wavel. [A]

4750 4800 4850 4900 4950
Wavel. [A]

% Crestani+2021 calibration on
K 143 stars with HR

/

~

Radial velocity:
~13000 *

Metallicity:

< 8000 *
\

" OAR &



Metallicity of RR Lyrae stars: Spectroscopy
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-

The pulsational properties are connected to the chemistry of the star

from its light curve properties, correlating [Fe/H] with

+ the Fourier parameters (Jurcsik & Kovacs 1996, Nemec 2013)
+ the period (Sarajedini 2006)

+ the period and the amplitude (Alcock+2000)

+ the period and the amplitude (theoretical, Bono+2007)

+ the period and the luminosity (Braga+2016)

\

Different relations have been proposed to infer the metallicity of the RRL star

~

/
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Fourier coefficients

% Jurcsik & Kovacs (1996) first find a linear relatiom

between [Fe/H], the period and the Fourier
coefficients

m(¢p) =Ap+ Xi=1 A; sin[2mi(Pp + ¢g) +

% Certain coefficients correlate with metallicity

¢, =d,-30,

\\(Gaia), Kp (Kepler), | (OGLE), mid IR

]

* different relations in different filter passbands: V, G

/

Radial velocity:
~13000 *

Metallicity:
<8000 *

-
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Metallicity of RR Lyrae stars: Photometry

[ Mullen+2021,2022 |

Fourier coefficients
[ ASAS-SN V } [ WISE MidIR ]

&
03 04 05 (:;s[dayzj; 08 09 1.0 ‘ ' P [days]
4 (1422 0.05) - (Ba, - 525) ¢ ms = 041, + (0.92 £ 0.05) - (63, — 1.90) ; rms = 0.50.
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Metallicity of RR Lyrae stars: Photometry

e Hajdu+2018, Dekany+2018,2021,
2022: application to OGLE and VVV

e Li+2023: recalibration of the

Fourier-metallicity relation, based on
~5,000 LAMOST star (low-res);
metallicity and distances of 136,000

RRL
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Figure 5. The sky distribution of our final RRL sample of 135.873 RRLs (115410 type RRab and 20,463 type RRc stars) in Galactic coordinates, color-coded by
metallicity, as shown in the color bar.

[Fe/H] = ao + a\(P — 0.6) + a2(¢3, — 2)
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Metallicity of RR Lyrae stars: Photometry

e Hajdu+2018, Dekany+2018,2021,
2022: application to OGLE and VVV

0.0
e Li+2023: recalibration of the -
Fourier-metallicity relation, based on 175 s -
~5,000 LAMOST star (low-res); . =
metallicity and distances of 136,000 1501
RRL 19
B 1.25 =
- g
e Muraveva+2025; 134,000 g 100 158
< a3
0.75
-2.0
0.50
0.25 -2.5
[Fe/H] = (—8.54 £ 0.42)P + (0.23 £ 0.04)¢5, : . : ; ;
—(9.34 + 1.41)A> + (0.80 £ 0.19). B B °-5Pe"°g-fdays;’-7 W0 Wk A8
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On the Oosterhoff dichotomy
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On the Oosterhoff dichotomy
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On the Oosterhoff dichotomy

| Fabrizio+2019 |
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On the Oosterhoff dichotomy

| Fabrizio+2019 |
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On the Oosterhoff dichotomy

% the mean period decreases
for increasing metallicity

% asymmetric distribution

% skewness moves from the
metal-rich to the metal-poor
tail for increasing metallicity
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% not so clear trend for
the amplitude
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On the Oosterhoff dichotomy

| Fabrizio+2019 |
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On the Oosterhoff dichotomy

| Fabrizio+2019 |
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On the Oosterhoff dichotomy

| Fabrizio+2019 |
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On the Oosterhoff dichotomy
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On the Oosterhoff dichotomy

[ Medina+2025abc ]
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