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Cepheid | _
Cepheids in clusters

V367 Sct A NGC 6649

Period = 6.29 days

. ~10% of Cepheids reside in clusters.

* Statistical precision in parallax

With respect to Cepheids r men are

* Fainter

*0‘1 masa?

e Bluer

L. Breuval et al. 2021




Global offset of -17 uas
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Lindegren et al. 2021. Gaia EDR3




N Stars

Sources used by L21 to calibrate the Gaia EDR3 parallax
offset.

Opportunities

For cluster members:

* The parameter space of cluster
members and quasars is similar.
(magnitude and color)

e |21 correction accurately describes
their offset



Detection of Cluster Cepheids
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G. Medina, B. Lemasle, Eva K. Grebel 2021
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Cluster parameters
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Cuts Advantages
« Magnitude: 12.5< G < 17 * Good characterization of the offset
* Color: 0.23 <Bp - Rp < 2.75 * Accurate parallaxes

* Cluster parallax: Average uncertainty 7 uas.
(Including the angular covariance)



Gold sample

Cluster parallaxes for the calibration of
the Leavitt Law (N=34)

Fundamental mode:

First overtone: 7

Three new and three corrected host
clusters

Average statistical error: 3 pas

Angular covariance: 7 pas
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Milky Way Cepheid P-L on HST System Gaia astrometry and Hubble Photometry for
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Parallax (mas) ) ,.f""ff H() =73.15+£0.97 km/S/ MpC
M}/, (P = 10d) = -5.907 + 0.018 mag.
Riess et al. 2022.

Parallax error (pas)
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HHST

HHsT = M

W

Gaia EDR3 Clusters (0=0.07)

Cross-check:

68 Field Cepheids + 15 Cluster Cepheids:
M{, (P = 10d) = -5.915 + 0.017 mag.
A®ep = —13 £ 5 pas.

Cruz and Anderson 2022.

10 12 1 4 _ _ Gaia only: consistent A@,.,, & 0.9% calibration in Mg’/l
Log (period) (days)

Riess et al. 2022.



Final remarks

* No evidence of residual offsets in cluster parallaxes.

Flynn et al. 2022, Maiz Apellaniz 2022.

* Precise characterization of the offset for MW Cepheids.

A®ep = —13 £ 5 pas. A®ep = —14 £ 6 pas.
Field and Cluster Cepheids. Field Cepheids. ;
Cruz and Anderson 2022. Riess et al 2021.

* A 0.9% calibration of the Galactic Leavitt Law in the:

HST and Gaia Wesenheit formulations.




EXTRA SLIDES



Notes. ¢ Does not include the CRNL correction. ? Includes the CRNL correction to facilitate comparison with extragalactic Cepheid samples

(Riess et al. 2022).

Leavitt Law

MW == a(loglo P - 1) +ﬁ

Filter @ B Awce  ([Fe/H]) Ncep Ny
(mag/log P) (mag) (uas)
we, -3412+0.053 -6.003+0.020 -19+5  0.086 67 15
We -3303+0.049 -6.051+0.020 -22+3  0.069 225 26
Bp —2.526+0.079 -4.229+0.036 -20+6 0.069 243 23
1% -2553+0.071 -4377+0.033 -22+5 0069 246 22
G —2751 +0.077 -4.612+0.035 -22+5 0068 240 23
Rp -2.829+0.070 -5.019+0.032 -22+5 0.068 240 23
F160W* —-3353+0.060 -5.729+0.023 -23+6  0.088 67 15
W, -3.406 +0.052 -5953+0.020 -18+5  0.086 67 15
F160W? —3346+0.060 -5.679+0.023 -22+6  0.088 67 15




Metallicity effect

My = a + B(logyo P —logqo Py) + v [Fe/H], ABL =10

M
5

= (@ + Aw)10"F .

M)} intercept at P=10 days (mag)
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Cepheid Metallicity vs Geometric Anchors
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[O/H] (dex) Riess et al. 2022.



Astrometric and photometric constraints applied to MW Cepheid sample

Astrometric constraints Photometric constraints
RUWE < 14 0.8<Bp—Rp <25
O/ > 8.5 num_clean_epochs_g > 15

astrometric_chi2_al < 3000 num_clean_epochs_bp > 15

astrometric_excess_noise < 0.25 num_clean_epochs_rp > 15
astrometric_excess_noise_sig < 70  ipd_frac_multi_peak< 7
int_average_g> 6

All bands Only Gaia bands



Residuals
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Leavitt Law

My = a + B(logyo P —logio Py) + v [Fe/H],

Aw = —17 + 5 pas. For MW Cepheids (NIR - HST Wesenheit)
Aw = —19 = 3 pas. For MW Cepheids (Optical Gaia Wesenheit)

Best fit: Cluster parallaxes + Cepheid parallaxes {
{  Cepheid parallaxes { I | }
}  Cluster parallaxes f *
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Cepheids = 225
Clusters = 26



