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Introduction

e Evolution of massive stars IS
complex

* The Interpretation of HR
diagrams Is complicated



The IACOB spectroscopic database (Simon-Diaz et al. 2015)
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Stars Spectra
O stars 182 2312

B stars 461 3420
B (I&II) 90 2408
B (I1I1) 164 378
B (IVand V) 201 034

Where is the end of the main sequence?

Why are there so many stars in the
Hertzsprung gap?

What is the role of rotation?

Which mixing processes are at work?
What is the origin of Be stars?

How are Wolf Rayet stars produced?

Do (some) stars loop back to the blue after
being red supergiants?



What Is the role of binarity?

semi-detached systems:

companions after 7%
mass transfer: 11%

mergers:
19%

companions
after mass
transfer:
23% pre mass transfer
binaries: 82%

pre mass transfer
binanes: 10%

a) Apparently single b) Detectable as binary
(K.<10kms™) (K.>10kms")

De Mink et al. (2014, ApJ 782, 7)




LARGE DATABASE OF STARS

OR

CLUSTERS



Berkeley 51

D=5.5 kpc ; Age ~ 60 Ma
4 YSGs and 5 RSGs
5000 Mo

20000 intermediate mass

Stars spend the first
part of the He-burning
phase as rather cool SGs
(with spectral types K4 -
MO) and the second half
as blue (A or F) SGs

>~30% of the He-burning

Negueruela et al. 2018, MNRAS, 477, 2976  Stars should appear as
post-RSG A-type SGs



[M/H] = —0.50
[M/H] = —0.25
[M/H] = +0.00
[M/H] = +0.25
[M/H] = +0.50

Isochrones: Age=100 Ma

2.0

PARSEC: Y©=0.276 Z0=0.0152

Metallicity [M/H]=log ZIZ®

Marigo et al. 2008
Bressan et al.2012

Thesis Javier Alonso-Santiago 2018

Isochrones: Age=100 Ma

GENEVA: Y©=0.266 Z0=0.014

Rotation Rate w=Q/Qcit

Ekstrom et al. 2012
Georgy et al. 2013




NGC 3105

|Dg 7=7.45 s M1 =14.3

CLUSTER PARAMETERS

E(B-V)
d (kpc)
Age (Ma)
[Fe/H]

V. (km/s)

R (arcmin)

Mcluster (Msun)

M_RSG (Msun)

1.03+0.03

7.2+0.2

2816

-0.29+0.22

46.7+0.8

2.6+0.6

4140+350

9.5+0.3

ZAMS: a PARSEC isochrone of 10 Ma computed at the cluster

metallicity
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Blue giants

“Age ~18 Ma

“ Distance 6 kpc

- Mass ~2x104 M
A R 7.5

Marco et al. 2014; A&A 567, A73
Vi g= -100x3 km/s



NGC 7419

FIAtl| 1) Be stars and 5 RSGs

2)4 0.4 kpc and 14 + 2 Ma

3) 7000-10000 Mo

4) Testbed for theoretical
predictions

5) Template to compare more
obscured clusters

BSGs outhumber RSGs by a factor
~3 (Eggenberger et al. 2002) in
Galactic open clusters.

log(Ly/Lgun)
~ & &~ oo

1 1 1 1 1 1 1 1 L
%’8000 9000 8000 700% 6000 5000 4000 3000

Marco & Negueruela, 2013, A&A 552, A92
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STROMGREN PHOTOMETRY

236 members

65 members
with spectra

DM=12.2+0.2
D=2.80+, %%
Log t=7.3-7.4
Age=(20-25)Ma

Turn-off at B2




Spectroscopy

e 151 stars at classification resolution (R=1000-2000;
4000):
1 O9.5V(binary?)
1 BOIlI
1 BO.51Ve
2 B1lll
10 B2V, 5 B2Ve; 4 B21V; 3 B2IVe; 3B2llle
12 B2.5V; 6 B2.5Ve; 9 B2.51V; 1 B2.51Ve; 3 B2.5lll; 1 B2.5llle; 1 B2.5llle
13 B3V, 4 B3Ve; 3 B3lll; 1 B3llle
0 B4V: 2 B4Ve; 2 B4lb
9 B5V; 2 B6V; 1 B6Ve; 5 B7V; 6 B8V; 2 B8Ve; 1 B8Ib
1 B9V; 1 B9.5lb; 1 AOV; 1 AOIb



Spectroscopy

* O stars at high resolution:
2 B4lb

1 B8Ib
1 B9.5Ib
1 B3Il

1 B2.5Ib-lI
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Spectra from FIES at R=25000; B2.51b-II




Analysis with Gaia data

* 149 stars with spectral types (B-type stars)
* G_PIx =0.32+0.04 ;

*G_pmRA =-1.10%0.11;G_pmDE = -0.23%+0.14
* 119 members

* 14 non-members (late type stars)

* 9 with only one bad measurement ?

* 7 with 2 bad measurements ?



+0.14

om RA=-1.10+0.11
DE=-0.23
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GAIA PHOTOMETRY

25 arcminute:
36785 stars in red
Selection:

-1.33<pmRA<-0.88

-0.52<pmDE<0.06
0.24<PIx<0.40

1231 stars in blue

Parallax=0.32+0.04

Distance=3.1+0.4 kpc




CDS/P/DSS2/color
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What we know from Gaia

* Gaia confirm the membership of blue stragglers and
supergiants

* Gaia confirm the membership of BeX system
(LSI +61 235)

* Gaia shows the physical connection between the
clusters belonging to Cas OBS8

 The two massive clusters (NGC 663 and NGC 654) have
Indistinguishable proper motions and parallaxes

 With more than 100 stars between (10-5) M©® is a very
massive cluster
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