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GES and stellar evo: iDR2GES and stellar evo: iDR2
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Kinematic and Chemistry to Kinematic and Chemistry to 
understand stellar evolutionunderstand stellar evolution
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Kinematic and Chemistry to Kinematic and Chemistry to 
understand stellar evolutionunderstand stellar evolution

ChemicalChemical
abundancesabundances

and starand star
parametersparameters
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GES: calibration of stellar modelsGES: calibration of stellar models

Shape of IMF and its universalityShape of IMF and its universality Timescale of SF and SF historyTimescale of SF and SF history

Improved basis for field starImproved basis for field star
age determinationage determination

Initial to final mass relation in WDInitial to final mass relation in WD

Calibration of HR diagram fromCalibration of HR diagram from
Milky Way open clustersMilky Way open clusters

GES GES corecore science: science:
to use OCs to test stellarto use OCs to test stellar

evolutionary modelsevolutionary models

http://great.ast.cam.ac.uk/GESwiki/Gesprojhttp://great.ast.cam.ac.uk/GESwiki/Gesproj
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The Open Clusters as ideal The Open Clusters as ideal 
testbeds for stellar evolutiontestbeds for stellar evolution

DAML catalogue, Dias et al. 2002DAML catalogue, Dias et al. 2002
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OCs ~ SSPsOCs ~ SSPs
Open clusters are aggregates of coeval and Open clusters are aggregates of coeval and 

chemically homogeneous stars. They are the best chemically homogeneous stars. They are the best 
approximation of simple stellar populations (SSPs) approximation of simple stellar populations (SSPs) 

we have in naturewe have in nature

Heiter et al. 2014 and GESHeiter et al. 2014 and GES

M11, Magrini et al. 2014M11, Magrini et al. 2014
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The Young Open clusters The Young Open clusters 
perspectiveperspective

Chemical propertiesChemical properties Pre-Main Sequence starsPre-Main Sequence stars
(see Frasca et al. GES paper 21)(see Frasca et al. GES paper 21)

GannaVel, Spina et al. 2014GannaVel, Spina et al. 2014
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PMS stars and stellar evolutionPMS stars and stellar evolution

Orion Nebula cluster, Manara et al. 2012Orion Nebula cluster, Manara et al. 2012
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PMS stars and stellar evolutionPMS stars and stellar evolution
See Franciosini posterSee Franciosini poster

Gravities, rotation, magnetic Gravities, rotation, magnetic 
activity have an important impact activity have an important impact 
on the evolution of PMS starson the evolution of PMS stars
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The Old Open clusters perspectiveThe Old Open clusters perspective

M11
Cantat-Gaudin et al. 2014

NGC4815
Friel et al. 2014

Be81
Magrini et al. in prep.

Tr20
Donati et al. 2014
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The Old OCs: Be81The Old OCs: Be81

BASTIBASTI vs  vs 
PARSECPARSEC  

isocisoc

OVOV vs  vs 
NO-OV NO-OV 
BASTI BASTI 
isocisoc
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The Old OCs: Be81The Old OCs: Be81
BASTIBASTI vs  vs PARSECPARSEC  

isochronesisochrones
OVOV vs  vs NO-OV NO-OV 

BASTI isochronesBASTI isochrones
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The Old OCs: The Old OCs: the RC of Tr20the RC of Tr20
and its golf-club shaped MSTOand its golf-club shaped MSTO

Donati et al. 2014Donati et al. 2014
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Other cases not only in the MWOther cases not only in the MW

Milone et al. 2009Milone et al. 2009

NGC7789NGC7789
Girardi et al. 2000Girardi et al. 2000
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The effect of rotationThe effect of rotation
Bastian & de Mink 2009Bastian & de Mink 2009

Girardi et al. 2011Girardi et al. 2011
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Viable explanationsViable explanations

MSTO/RCMSTO/RC
● Differential reddening? Differential reddening? 
● Different rotation Different rotation 

history?history?
● Age spread?Age spread?

ONLY RCONLY RC
● Transition of the core Transition of the core 

mass between not mass between not 
degenerate and degenerate and 
degenerate?degenerate?

● Dispersion in the Dispersion in the 
overshooting efficiency overshooting efficiency 
in in the convective core?the convective core?



November 13th, PortoNovember 13th, Porto Gaia ESO Survey Second Science MeetingGaia ESO Survey Second Science Meeting 1818

Mixing: observational constraintsMixing: observational constraints
Gratton et al. 2000Gratton et al. 2000

Sample of about Sample of about 
100 field stars with 100 field stars with 
well known well known 
parallax and parallax and 
luminosity in the luminosity in the 
metallicity rangemetallicity range
-2<[Fe/H]<-1-2<[Fe/H]<-1
and for and for low masseslow masses
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Pasquini et al. 2004Pasquini et al. 2004

Mixing: Mixing: 
observations in OCsobservations in OCs
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Mixing: observations in OCsMixing: observations in OCs

Smiljanic 2012, see talkSmiljanic 2012, see talk

Mikolaitis et al. 2012Mikolaitis et al. 2012
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Mixing and the GESMixing and the GES

See TautvaiSee Tautvaiššienienėė  
talktalk
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GES OCsGES OCs

~1Msun~1Msun ~7Msun~7Msun

[Fe/H]~[Fe/H]~±±0.40.4

NGC6633 and NGC2243NGC6633 and NGC2243

Trumpler20 1.6 Msun

NGC 4815 2.5 Msun

NGC 6705 3.3 Msun

Berkeley 81 2.2 Msun

Berkeley 25 1.4 Msun

NGC 2243 1.4 Msun

Berkeley 44 1.9 Msun

NGC 6005 2.1 Msun

Trumpler 23 2.1 Msun

Pismis 18 2.1 Msun

NGC 6802 2.4 Msun

NGC 6633 3.0 Msun

Old OCs in iDR1-4Old OCs in iDR1-4
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What about MW stars?What about MW stars?

MAIN FOCUSMAIN FOCUS

Chemical properties of Chemical properties of 
the Galactic disc and the Galactic disc and 

bulgebulge

CoRoT stars will benefit CoRoT stars will benefit 
of accurate gravitiesof accurate gravities

Gaia Gaia mission will provide mission will provide 
accurate distances with accurate distances with 
an enormous impact on an enormous impact on 
stellar evolution studiesstellar evolution studies
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To sum upTo sum up

OCsOCs

GCsGCs

PMS:PMS:  
● mass accretionmass accretion
● rotationrotation
● light elementslight elements

Test of: Test of: 

● evolutionary models evolutionary models 
for different ages for different ages 
and metallicitiesand metallicities

● the effect of the effect of 
rotationrotation

● the effect of mixingthe effect of mixing

MAIN FOCUS: CalibratorsMAIN FOCUS: Calibrators
They can be used to study mixing but they They can be used to study mixing but they 
should be used with care.should be used with care.

MW starsMW stars

Largest homogeneous Largest homogeneous 
dataset of field stars,dataset of field stars,

un unprecedented un unprecedented 
legacy for stellarlegacy for stellar
evolution whenevolution when
Gaia Gaia distances distances 
will be availablewill be available

PS:PS:
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Thank you!Thank you!
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Lebreton et al. 2014Lebreton et al. 2014
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The GC statusThe GC status
Carretta 2014

N2808

Gruyters+2014 : NGC6752

Thygesen+2014 : 
47Tuc

Carretta+2012:
NGC6752
(Al: HR21)

Carretta+2009

[A
l/
F
e]
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The GC statusThe GC status

GES data 

    Cantat-Gaudin+2014 Lind+ in prep San Roman+ in prep

M11                                  NGC1851, NGC2808, NGC6752                     NGC4372
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