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Na-O anticorrelation

signature of the operation 

of p-capture reactions in 

H-burning at high 

temperature.

Gratton et al. (2001)
Carretta et al (2004)

Ramirez & Cohen (2002)

Its existence (and 

simultaneous Mg-Al 

anticorrelation) in 

unevolved stars with thin 

convective envelope and 

not very high central 

temperature, ensures that 

this chemical pattern must 

be imprinted already in 

the gas from which stars 

formed.
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~2000 stars in 29 GCs (~19% of all known GCs)

Giraffe+UVES

Our work

~2000 

Giants

~72 hr 

FLAMES

(median 

V~14.6)

High-res

Our 

work+liter.

40

TO+SGB

High-res

literature

190

Giants

~400 hr 4m 

class 

telescopes

(median 

V~12.5)
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TargetsTargets

ÂÂPointing objects Pointing objects ČČ Interface with photometry Interface with photometry 
and astrometry in crowded fieldsand astrometry in crowded fields

ÂÂDifficulty to center >100 fibres on GC RGB Difficulty to center >100 fibres on GC RGB 
stars:stars:

ÂÂCrowdingCrowding

ÂÂMany interesting GCs are quite compact (only a few Many interesting GCs are quite compact (only a few 
arcmin)arcmin)

ÂÂOccasionally, poor astrometry (scale errors may Occasionally, poor astrometry (scale errors may 
cause errors in the border)cause errors in the border)
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Data reductionData reduction

ÂÂData reduction Data reduction ČČ Pipeline, but it had some Pipeline, but it had some 

problems:problems:

ÂÂWavelength calibrationWavelength calibration

ÂÂBackground subtraction Background subtraction ČČ Equivalent WidthsEquivalent Widths

ÂÂNeed for automatic analysis technique (no Need for automatic analysis technique (no 

possibility to look at ~2000 individual spectra):possibility to look at ~2000 individual spectra):

ÂÂROSA algorithmROSA algorithm
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AnalysisAnalysis

ÂÂ Atmospheric parameters for ~2000 starsAtmospheric parameters for ~2000 stars

ÂÂ Limited number of lines available + high internal accuracy Limited number of lines available + high internal accuracy 
needed needed ČČ Parameter from photometry, exploiting very high Parameter from photometry, exploiting very high 
quality cquality c--m diagramsm diagrams

ÂÂ TTeffeff from visual and 2from visual and 2--MASS photometryMASS photometry

ÂÂ First guess from VFirst guess from V--K, used to construct a KK, used to construct a K--TTeff eff relationrelation

ÂÂ Final parameters from K magnitudes (unsensitive to differential Final parameters from K magnitudes (unsensitive to differential 
reddening)reddening)

ÂÂ Very small starVery small star--toto--star errors in Tstar errors in Teffeff~10~10--15 K15 K

ÂÂ All this is made automatically (requires ~1 hr for cluster)All this is made automatically (requires ~1 hr for cluster)



Six Years of FLAMES operation -

Garching, Dec. 1-3, 2008

Still slow howeveréStill slow howeveré

ÂÂHowever, when very critical data are lookef, However, when very critical data are lookef, 
further analysis is neededfurther analysis is needed

ÂÂSubtraction of telluric lines around [OI] lines Subtraction of telluric lines around [OI] lines 
(easy, the same for all fibres)(easy, the same for all fibres)

ÂÂEach star however examined individually for this Each star however examined individually for this 
line (as well as for Na and Ba lines)line (as well as for Na and Ba lines)

ÂÂOutliers should also be eliminated manuallyOutliers should also be eliminated manually

ÂÂHence, 3 yr for reduction and analysis of all Hence, 3 yr for reduction and analysis of all 
spectra; now completedspectra; now completed
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Paper publishedPaper published
ÂÂ Carretta 2006, AJ, 131, 1766Carretta 2006, AJ, 131, 1766

ÂÂ Carretta et al. 2006, A&A, 450, 523Carretta et al. 2006, A&A, 450, 523

ÂÂ Gratton et al. 2006, A&A, 455, 271Gratton et al. 2006, A&A, 455, 271

ÂÂ Carretta et al. 2007, A&A, 464, 927Carretta et al. 2007, A&A, 464, 927

ÂÂ Carretta et al. 2007, A&A, 464, 939Carretta et al. 2007, A&A, 464, 939

ÂÂ Gratton et al. 2007, A&A, 464, 953Gratton et al. 2007, A&A, 464, 953

ÂÂ Carretta et al. 2007, A&A, 464, 967Carretta et al. 2007, A&A, 464, 967

ÂÂ Carretta et al. 2007, ApJ, 671, 125Carretta et al. 2007, ApJ, 671, 125

ÂÂ Carretta et al. 2008, astroCarretta et al. 2008, astro--ph 0811.3591ph 0811.3591

ÂÂMany!!!!  (>8)Many!!!!  (>8)

Papers in preparationPapers in preparation
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Considerable scatter, much 

larger than due to errors metal 

abundances (=second 

parameter effect)

WITHOUT HE-PRODUCTION AND NO AGE DIFFERENCE
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Considerable scatter, much 

larger than due to errors on 

ages and metal abundances

(=second parameter effect)

WITHOUT HE-PRODUCTION BUT WITH AGE DIFFERENCES
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Scatter not much larger than 

expected from error bars. 

Howeveré
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The scatter in mass lost 

is now fairly small! A 

simple linear mass loss 

dependence on 

metallicity is enough
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Multiple populations in GCs: Multiple populations in GCs: ɤɤCenCen

Villanova et al. 2007, ApJ663, 296



Six Years of FLAMES operation -

Garching, Dec. 1-3, 2008

ɤɤCen: Multiple RGB sequencesCen: Multiple RGB sequences

Ferraro et al. 2004, ApJ, 603, L81

Å The distribution of  stars with metallicity is not 

continuous: various episodes of  star formation

Å There is a metal-rich population, with [Fe/H]~ -0.6 

(Pancino et al.): RGB-a
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Main populations:Main populations:




