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* The relevance of Cepheids and RR Lyrae
* Cepheids and RR Lyrae in the Gaia DR3 catalogue
* Model predictions for Cepheids and RR Lyrae

* The Gaia-NIR perspective
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'® Cepheids and RR Lyrae are pulsating stars
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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+13My, My= -
2+- 7 mag, P=1+100 d; 50500
Myrs).

Pulsate in F, 10, 20, Multiple
modes.

High amplitudes of variations in
the optical (~ 1 mag) — easy to
identify even at long distances.
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Classical Cepheids as distance indicators

. Since the discovery by Miss Leavitt (1908, 1912) in the SMC,Classical
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Classical Cepheids as distance indicators
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Classical Cepheids as distance indicators
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Absolute magnitude

Classical Cepheids as distance indicators
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Classical Cepheids as distance indicators
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-y(B-V) vy=A,/E(B-V)

The Period-Wesenheit (PW) relation is not as rigorous as the PLC but is reddening free by definition.
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Cepheid stars as calibrators of the cosmic distance scale

* Most important standard candle in the extragalactic

distance scale used to measure Ho.

Cepheid: m-M (mag)
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Old (+>10 Gyr) low mass (0.52<M0<0.80)

central helium burning stars.
Periods 0.2<P (d) <1.0

Mv~0.6 mag

RRab, RRc, RRd (F, 10, mixed F/10 modes)

Follow Mv-[Fe/H] relation in the optical and

PLZ relations in the near-infrared
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The Mv(RR)-[Fe/H] relation
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Muraveva et al. 2018, MNRAS
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& RR Lyrae stars as distance indicators
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The NIR P-L-[Fe/H] relations and the P-W-[Fe/H] relations
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@’%& Gaia: the game changer

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

Creckt : Credit: Eyer et al. (2016)
Adeapted frome L Ever & M. Mowdavt (03/2009)
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@ Cepheids in the MW and Magellanic Clouds
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@ At the extreme possibility of Gaia: Cepheids in M31 and M33
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Q Period-Luminosity relation of MW Cepheids

The Period-Luminosity relation
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DR3 RR Lyrae Stars: position and CMD
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Model predictions for Classical Cepheids in the Gaia filters
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€ Cepheid predicted properties in the Gaia filters
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Table 15
Mean Magnitudes and Theoretical Amplitudes in the Gaia DR3 Filters for the Computed™F-mode Models with Z = 0.004 and Y = 0.25, Z = 0.008 and Y = 0.2%
Z=002and Y=0.28, and 7= 0.03 and Y = 0.28

Z Y M/M. log(L/L:) Ter (K) enl ML G.m G.amp Ggp.m Ggp.amp Grp.m Ggp.amp
0004 025 3.0 2.49 5900 1.5 A - 1700\?;2\ —1.457 0.640 W
0.004 0. 2. 30 2.49 6000 1.5 A ~1.703 N —1.472 0.910 =2 0.536
0.004 0.25 3.0 2.49 6000 1.7 A —1.705 0.408 -1.475 0.500 —2.087 0.285
0.004 0.25 30 249 6100 1.7 A -1.707 0.647 —1.488 0.783 -2.075 0.459
0.008 0.25 3.0 2.39 6000 K A —1.468 0.718 -1.228 0.876 —1.859 0.507
0.008 0.25 3.0 2.59 5700 1.5 B —1.958 0.350 ~1.678 0.436 -2.399 0.249
0.008 0.25 3.0 2.59 S800 1.5 B —1.963 0611 - 1.696 0.745 -2.387 0.442
0.008 0.25 3.0 2.59 5900 1.5 B —1.967 0.776 -1.714 0.936 -2.375 0.570
0.02 0.28 3.0 2.32 5900 1.5 A -1.322 0.109 —-1.054 0.137 —-1.744 0.077
0.02 0.28 3.0 2.32 6000 1.5 A —-1.326 0.321 -1.071 0.392 -1.731 0.233
0.02 0.28 3.0 2.32 6100 1D A —1.330 0.428 —1.090 0.520 -1.716 0.330
0.02 0.28 30 2.32 6100 1.7 A -1.331 0.166 -1.092 0.204 —-1.718 0.120
0.03 0.28 4.0 2.68 5400 1.5 A —2.186 0.039 -1.822 0.050 -2.712 0.029
0.03 0.28 4.0 2.68 5500 1.5 A -2.196 0.086 —1.849 0.109 -2.704 0.064
0.03 0.28 4.0 2.68 5600 1.5 A —2.198 0.357 - 1.870 0.445 —2.686 0.260
0.03 0.28 4.0 2.68 5700 1.5 A -2.206 0.486 —1.896 0.591 -2.675 0.373

(This table is available in its entirety in machine-readable form.)
Gaia-NIR: next generation astrometric mission. Gathering the interest of the Italian Community. Bologna, 17-18 January 2024



{ROFISIC4
S
O\

NG

F >
) ®
¥ Z
: :
o
g £
= %)
e <
(0 &

QO
4 “

<
3
NaTioNAL NS

Mg

]

Mg

e

-6

Canonical I/Hp=15

— AMLa=15FIS
--- AMLa=15FO0IS
F Cepheids
FO Cepheids
-6

— AMLa=17FIS

--- AMLa=17F0IS
F Cepheids

Predicted versus observed instability strip in the Period-Gaia magnitude planes

Canonical I/Hp =17

Non Canonical I/Hp =15

Z=0.004Y =0.25

— AMLa=15FIS

-=-- AMLa=15FOIS
F Cepheids

FO Cepheids

-6

FO Cepheids

Z=0.004Y =0.25

— AMLa=17FIS

-=- AMLa=17FOIS
F Cepheids

FO Cepheids

— BMLa=15FIS
--- BMLa=15F0IS
F Cepheids
FO Cepheids

Z=0.004Y =0.25

—— BMLa=15FIS

4

Z=0.008 Y =0.25

— AMLa=15FIS
-=- AMLa=15FO0IS
F Cepheids
FO Cepheids

Z=0.008 Y =0.25

— AMLa=17FIS
-=- AMLa=17F0IS
F Cepheids

=== BMLa=15FOIS
F Cepheids
FO Cepheids

Z=0.008 Y =0.25

—— BMLa=15FIS

4

De Somma et al. 2022 ApJS

Gaia-NIR: next generation astrometric mission.

=05

Z=0.02 Y =0.28

0.0

FO Cepheids

0. 1.0 15

-
logP

2.0

Z=0.02Y =0.28

0.! 1.0

-=-- BMLa=15F0IS
F Cepheids
FO Cepheids

5 15
logP

2.0

Z=0.02Y =0.28

0.0 0.! 1.0

Gathering the interest of the Italian Community. Bologna, 17-18 January 2024

3 1.3
logP

2.0




{ROFISIC4
N

SWTUTO Na, on,
<

L 4

3
;
ER

<,
?%
[©)

<
3
NamionaL S*

2.5

2.0

0.5
0.0
25
2.0

15

Ampg,,

0.5

0.0

2.5

2.0

15

Ampg,,

0.5

De Somma et al. 2022 AplS

0.0

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

Ggp

Z=0.008 a=1.5

IMe
10Mg

- AMLF Z=0.008 a=1.7
--AMLFO
10M,
3¥° 8M 11M,
N ame SMGGM@
A
AT
RN ' g
1 1
1 1 : ;I
1
1
- BMLF Z=0.008 a=1.5
--B MLFO
Mo
8Mg 9M,
-0.5 0.0 0.5 1.0 1.5 2.0
LogP

2.5

2.0

15

Ampg,

0.5

0.0

2.5

2.0

15

Ampg,

0.5

0.0

2.5

2.0

15

Ampg,,

0.5

0.0

Predicted versus observed Period-Amplitude planes for LMC Cepheids

Grp

Z=0.008 a=1.5

=<
i
m™m

- AMLF Z=0.008 a=1.7
--AMLFO
M,
10M,
M 8M 1
i aM, Mo 516Mo % Bl

I’ \ Y 5M, 7
i \ SMg
Y ‘\ I 6M° 7M0

\ Xy

Z=0.008 a=1.5

w
B T
ra="" ©
7

0.5 0.0 0.5 1.0 15 2.0
LogP




FISIC4
D
®
k4

: The multi-filter Period-Luminosity-Color and Period-Wesenheit
& relations in the Gaia filters

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<Ggp>—<Gpp>

PW — <W>:<G>-1.9<GBP>-<GRP>:G+b|09P

Gaia-NIR: next generation astrometric mission. Gathering the interest of the Italian Community. Bologna, 17-18 January 2024
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/ @ The metal-dependent Period-Wesenheit relations

R W=a+ b logP + ¢ [Fe/H]
able 19

PWZ Coefficients in the Gaia EDR3 Filters (W (G, Ggp-Ggp) = a + b (log P - 1) + ¢ [Fe/H)) for F and FO CCs Derived by Adopting the A, B, and C ML Relations
and o =15 17 and 19

Ol ML a b 04 o o, o R"
F

e A ~6.018 -3.314 ~(.189 0.009 0.016 0.021 0.118 0.993
1.7 A —-6.072 -3.379 -0.129 0.010 0.016 0.021 0.090 0.996
19 A ~6.170 ~3.472 -0.245 0.023 0.018 0.040 0.072 0.998
1.5 B —-5.853 -3.234 -0.190 0.011 0.016 0,022 0.139 0.991
1.7 B -5.871 -3.262 ~0.260 0.012 0.015 0.023 0.118 0.995
1.9 B —5.968 -3.370 —0.189 0.026 0.017 0.047 0.092 0.997
1.5 +- ~5.694 -3.270 ~0.105 0.012 0.017 0.023 0.141 0.991
1.7 C -5.722 -3.274 —0.140 0.012 0.015 0.022 0.116 0.994
1.9 C ~5.800 -3.327 ~0.167 0.023 0.016 0.043 0.094 0.997
FO

1.5 A ~6.676 ~3.450 0.051 0.048 0.059 0.145 0.985
1.7 A 6.818 ~3.627 0.040 0.034 0.049 0.073 0.996
1.9 A -6.933 —3.688 0.045 0.030 0.052 0.034 0.999
1.5 B ~6.634 ~3.566 0.063 0.063 0.062 0.097 0.988
1.7 B -6.616 -3.533 0.095 0.083 0.095 0.103 0.987
1.9 B ~6.719 -3.627 0.066 0.050 0.068 0.030 0.998
1.5 C ~6.473 -3.510 0.043 0.051 0.038 0.038 0.996
1.7 C ~6.486 ~3.506 0.049 0.056 0.051 0.030 0.998

De Somma et al. 2022 ApJS
Gaia-NIR: next generation astrometric mission. Gathering the interest of the Italian Community. Bologna, 17-18 January 2024
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@ The metal-dependent Period-Wesenheit relations

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

PWZ Coefficients in the Gaia EDR3 Filters (W (G, Ggp-Ggp) = a + b (log P - 1) + ¢ [Fe/H]) for F and FO CCs Derived by Adopting the A, B, and C ML Relations
and o =15 17 and |9

\6—(\'\'\-‘1—0 Nag, O/kq
S
°
O
7 asRoprN®

e}

Ol ML a b 04 O o, o R*
F
1.5 A ~6.018 -3.314 —-(.189 v A ;
1.7 A ~6.072 -3.379 ~0.129 (| Metal dependent PW relations point fowards a
1.9 A ~6.170 -3.472 -(.245 . e . .
T . e Ry A3 A meftallicity effect on the zero point varying from
1.7 B ~5.871 ~3.262 ~0.260 ~-0.1 mag/dex to ~-0.2 mag/dex for the F-mode
1.9 B ~5.968 ~3.370 ~0.189 @ relations and from ~-0.1 dex to ~-0.3 dex for the
1.5 C -5.694 -3.270 ~0.105 .
: 3 : ) i
1.7 C —5.722 ~3.274 ~0.140 ( FO-mode relatios
1.9 C ~5.800 -3.327 ~0.167 0.023 0.016 0.043 0.004 0.997
FO
1.5 A —6.676 -3.450 0.051 0.048 0.059 0.145 0.985
1.7 A 6.818 3.627 0.040 0.034 0.049 0.073 0.996
1.9 A —6,933 —3.688 0.045 0.030 0,052 0.034 0.999
1.5 B 6.634 3.566 0.063 0.063 0.062 0.097 0.9588
1.7 B —-6.616 —3.533 0.095 0.083 0.095 0.103 0,987
1.9 B 6.719 3.627 0.066 0.050 0.068 0.030 0.998
1.5 C —-6.473 -3.510 0.043 0.051 0,038 0,038 0.996
1.7 C ~6.486 ~3.506 0.049 0.056 0.051 0.030 0.998

De Somma et al. 2022 ApJS
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Model predictions for RR Lyrae in the Gaia filters

Marconi et al. 2021 MNRAS
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@ The metal abundance effect: Theory versus Observations
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Comparison of Gaia data with theoretical RR Lyrae ISs
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Q The Gaia-NIR perspective

.. . . . T T T T T T T T T 3K
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o The Gaia-NIR perspective

« 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.

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



3 C lusi
2 g
onciusions
@“Q
=N
AL Y

« 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.
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