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Outline

» Motivation

* NGC 6649 — fits gone awry

* NGC 7790 — which metallicity?

* Thelowmass end

» Redvs. yellow — does metallicity matter ¢
* The most massive Cepheids in clusters
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Cluster Cepheids with High Precision Gaia Parallaxes, Low Zero-point Uncertainties,
and Hubble Space Telescope Photometry
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Abstract

We present Hubble Space Telescope (HST) photometry of 17 Cepheids in open clusters and their cluster mean
parallaxes from Gaia EDR3. These parallaxes are more precise than those from individual Cepheids (G < 8 mag)

cf. Cruz Reyes & Anderson 23



Motivation

* Open clusters provide an astrophysical environment for
Cepheids: age, mass & metallicity.

* Comparison to other members allows gauging of their
evolutionary histories.

+ For this to be meaningful accurate cluster parameters
are raeeded: donot use AI-generated lists (at least for
now).

* Long-term programime running as

Poor—weatherbacku atthe W
argeting clusters with Cepheids

(among others).
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Traditional and new combos

P=20d
/
s Trumpler 35— RUSct Turner8o, Hoyle+03

s Dolidze 34 — CNact Chen+2017
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Traditional and new combos
killed by Gaia

s Trumpler 35— RUSct Turner8o, Hoyle+03
\\
« 1100 . CNSCt cheny2017
Dolidze 34 “pveer et




10 ;

11 -

12 ;

13 -

14

15 -
16 ;

17

Trumpler35

..
S0 ® 40 Ma, Av = 3.2
.¢ ® Cantat members
o E
.

S0

2 3
(BP — RP)

Members and parameters from Cantat-Gaudin+20
The cluster is not present in Dias+21
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NGC 6649
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NGC 6649 and Al
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NGC 6649
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NGC 7790: the cluster with three Cepheids
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NGC 7790: the cluster with three Cepheids

CFCas—4.9d
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NGC 129

NGC 129

DI1. Cas is also solar
(Genovali+14, Luck18)
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NGC 129

NGC 129

Spectra not yet analysed
Possible halo member
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NGC 7790: the cluster with three Cepheids
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TABLE 9

AGE EsTiMATES FOr Two Gavactic OpeN CLUSTERS THAT HosT AT LEAsT Two CEPHEIDS

D log P (B)* (V)© 185 EB-V) log tpa® log 432" log o "
NGC 7790"
CEa Cas ..o, 0.711 12.070 10.920 o 0.562 7.834 7.788
CEb Cas ... 0.651 12.220 11.050 L 0.548 7.874 7.827 .
CF Cas ...c.ccoveneee. 0.688 12.335 11.136 9.754 0.531 7.849 7.824 7.838
NGC 6067
QZ NOF ..o, 0.578 9.774 8.866 7.893 0.249 7.923 7.872 7.865

V340 Nor............. 1.053 9.526 8.375 7.151 0.315 7.605 7.704 7.708




Geneva tracks

Table 1. Mass limits for Cepheids without and with rotation.

Lower mass limit  v/vei Upper mass limit U/ Uerit
450 M, (4.25) 0.0 11.50 M, (11.75) 0.0
455 M, (4.50) 0.4 10.00 M,  (10.25) 0.4

log(L/L @-)

Anderson+14
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NGC 6067
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Val 1

Negueruela+21
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Val 1

DR3 favours DM = 11.8 (Cruz Reyes & Anderson 23)

So I would go for 80 Ma, implying 5.7 Mo
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Summarising so far ...

> Data are compatible with a lower mass around
4.5 Mo for Milky Way Cepheids

> Padova isochrones do not extend blue loops to

such lowmasses

* Padovaisochrones do not predict blue loops
for supersolar metallicities

*There are few supersolar Geneva tracks




Geneva tracks
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Summarising so far ...

> Data are compatible with a lower mass around
4.5 Mo for Milky Way Cepheids

> Padova isochrones do not extend blue loops to

such lowmasses

* Padovaisochrones do not predict blue loops
for supersolar metallicities

*Geneva tracks only predict moderately
massive Cepheids at slightly supersolar




Do such Cepheids exist ?
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Do such Cepheids exist ?
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Summarising so far ...

* Data are compatible with a lower mass around 4.5 Mo for
Milky Way Cepheids

»Tracks only predict moderately massive Cepheids at
slightly supersolar, although there is some evidence for
metal-rich Cepheids of 5-6 Mo

»Data from the Magellanic Clouds show evidence for
enhanced blue loops at low metallicity




Big clusters

VdH 222 ~Z 2 (1)

Val 1 ~Ze 6.3 7.8 1(1) 10

NGC 6649 =7 6.4 7.7 3 (1) 2

NGC 6067 ~1.3Zo 6.8 7.9 3 (2) 11
I Be 51 (a;izd) -8.3 7.7 4(1) 5

Be 55 ~Zo 8.9 7.8 1 (1) 4

(assumed)




Big clusters

VdH 222 2 (1)
Val 1 ~Zo 6.3 7.8 1 (1) 10
NGC 6649  =Z. 6.4 7.7 3 (1) 2
I NGC 6067 ~1.3Z. 6.8 7.9 3 (2) 11
~Z®
Be 51 ( . ~8.3 7.7 4 (1) 5
Be 55 (’“Z@d) 8.9 7.8 1 (1) 4
NGC 2345 ~0.6 Zo 10.3 7.7 27 6

NGC 6124 ~Zo 7.7 8.0 0 7




Alicante 13

6
Y - o
ol
G | .
12 ©
| @go
I Negueruela+19 14:— %@O ® o
' e
S . . | %@On. . |
— 0 1 2
30 Ma, AV — 1.7 (BP_RP)

SVvul P



Alicante 13
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Alicante 13
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VdBH 222
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Table 1. Mass limits for Cepheids without and with rotation.

Lower mass limit  v/ven Upper mass limit 0/ Uerit
Anderson+14 450 M, (4.25) 0.0 11.50 My,  (11.75) 0.0

455 M, (4.50) 0.4 10.00 M, (10.25) 0.4

(]
=]

mm F with offset

I s FO with offset
. W ’I‘lllllll---
] Fi 4 B 10 1

L& 2 14 16

Bk Pt
=] Ln

number of GCC
[
[}

log(L/L )

tn

MM

Marconi+20




Summarising ...

* Data are compatible with a lower mass ~4.5 M, andan
upper mass limit < 12 M, for MilkyWay Cepheids. A few
more clusters to analyse, but deviations are unlikely.

»Tracks only predict moderately massive Cepheids at
slightly supersolar, although there is some evidence for

metal-rich Cepheids of 5-6 Mo
» We cannot find any strong observational evidence for a

different ratio of yellow to red supergiants at different
Galactocentric distances.

* There are many non-pulsating YSGs with the same
location inthe CMD as the Cepheids.
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