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Summary 
- The problems we face 
-The indicators we use: Lithium, Isochrone fitting 
- Examples 

Stellar associations:  
Age scales 

David Barrado 
How far can we go estimating stellar ages? 

Ecole Evry Schatzman 2015  
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Gyrochronology 

The dependence on mass and the age range 
1 Myr 

Activity: 
Lx 

Upper MS 
fitting 

Age 

Mass 

10 Myr 

100 Myr 

1000 Myr 

10000 Myr 

Strömgren 
 phot 

Activity:  
Halpha 

Lithium 

Alkali 

Isochrone  
fitting 

Eclipsing 
 Binaries 

Interferometry 

Companions: 
WD, III/IV 

Molecular  
bands 

Kinematics 

Nuclear 
decay 
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Science is also a 
historical process. We 
build upon knowledge 
acquired previously, it 
is not ex novo. 
Sometimes, a reshuffle 
is needed in order to get 
it right.  
 
But we have to keep 
intact the whole 
structure 
(sometimes we do not 
have to) 
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Some key issues 
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Models: 
•  Intrinsic problems (A.Boden, B. Chaboyer, D. Terndrup) 
•  Different sets of models, with different answers 
 
Comparing theory with observational properties 
•  From (Teff,Lum) to (mag,colors): BC, Temp scales 
•  Stars are individuals: spots, accretion, disks, the effect of the   
  initial conditions, rotation/activity (K. Stassun), reddening,  
  metallicity, individual distances (a cluster has a size and a shape) 
•  HR uncertainties (L. Hillenbrand) 
 
Other problems 
•  The star formation: instantaneous or not? 
•  Can we assume coevality for star clusters and MGs? 
 
From the Cool Stars, Stellar Systems, and the Sun meeting in 
2006, CS14  
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Chaboyer (2001) 

Stellar Model cocktail: ingredients 
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Chaboyer 2001 

The “perfect” cocktail: stellar models 

- Uncertainties 
- Confronting theory with observations 
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Different age scales: 
epistemology 

(the study or a theory of the nature and grounds of knowledge 
especially with reference to its limits and validity ) 
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Absolute anchors 

•  13.799±0.021 billion years within the Lambda-CDM 
concordance model (Planck Collaboration (2015),  arXiv:
1502.01589. 

•  The Sun and its age of 4.57 Gyr. Specifically the remnants 
of the formation of the Solar System. i) computer models of 
stellar evolution and through nucleocosmochronology 
(Bonanno et al. (2002), A&A 390, 1115), ii) radiometric 
date of the oldest Solar System material, at 4.567 billion 
years ago (Amelin et al. (2002), Science 297, 1678; Baker et 
al. (2005), Nature 436, 1127). 
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Ages: what we know 

Universe: 13.799 Gyr 

Sun: 4.57 Gyr 

Coma*, Praesepe*, Hyades* 

Pleiades* 
Aper* 

IC2602*, IC2391* 
NGC2451* 

(TWA*) 
(BPMG*) BPMG, NGC1960 

APer 

Blanco 1* 
Pleiades 

* Clusters with distances 
from Hipparcos 

Model “free” ages 

Blanco 1 

IC2602 
IC2391 
IC4665,NGC2547 

Gas giant planets 

Rocky planets 

Disks dissipate 

Class I ends 

End MS 1 Msun 

Valid range LDB ages 

Globular 
clusters 

Gaia is blind 
here 

Ages from isochrones 
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Age-determination methods for clusters 
 
“Basically age estimations of open clusters are based on:  
(1) the turn-off colours or earliest spectral types,  
(2) morphological parameters,  
(3) isochrone fitting,  
(4) synthetic diagrams,  
(5) the pre-main sequence stars and turn-on point,  
(6) the Lithium transition in substellar objects.  
The latter method is very recent and has been applied so far to only 
three open clusters. All methods are essentially based on ages given 
by models: evolutionary models for the upper main sequence, 
contraction models for pre-main-sequence stars and models of fully 
convective objects for very-low-mass stars and brown dwarfs”. 

J.-C. Mermilliod (2000) 
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Methods: classification 

I)  Fundamental 
 
II) Semi-fundamental 
 
III) Model dependent 
 
IV) Empirical 

Soderblom (2010); Soderblom et al. (2013) 

Many times only intrinsic errors are taken 
in to account. Beware! 
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Some historical perspective: the meter and the size of Earth 
•  After the French revolution, the directory ask the Academy of Science to 

provide a standard distance measurement: the meter. 
•  P. F. Méchain and J.-B. Delambre  measured by triangulation the 

meridian from Dunkirk (Dunkerque) to Barcelona during several years 
•  The computations were tied to the determination of the latitudes of the 

extremes. Several stars were used and a very precise new instrument, 
the circle of repetition by J.-C. de Borda. 

•  Unfortunately the methodology itself was not so accurate. 
•  Méchain knew there was a problem (essentially in his several 

measurements of the latitude of Barcelona). but was unable to 
understand the origin and to correct it. He struggled for years and tried 
not to publish his data. 

•  The total length of the meridian is 10,002,290 meter. 

As a curiosity, France and Spain were at war then, but both governments 
agreed to continue with the scientific operations.  
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My own practical scale: 
  
Primary indicators.- 
•  Upper Main Sequence Fitting 
•  Isochrone fitting 
•  Eclipsing binaries and related methods 
•  Spectral features (gravity) 
•  Lithium abundance 
•  …….. 
 
Secondary indicators (additional uncertainties).- 
•  Stellar activity (X-ray, Halpha) 
•  Rotation 
•  Physical association to an association, to another star or to 
Moving Group 
•  ……..  

How to estimate the age of star? 
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Age scales 
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Age scales and autoconsistancy 

1 Myr 

10 Myr 

100 Myr 

1000 Myr 

10000 Myr 

0.1 Myr 
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IC2391 
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Hyades 
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Isochrone fitting           Lithium FGK                      LDB                       Activity 

? ? 
Hyades 

Beta Pic MG 

IC2391 

Pleiades 

Cluster X 
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Methods 
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Isochrone fitting: 
open clusters 



David Barrado EES2015, #21 

Mermilliod et al. (1981) 

Please, read old papers. 
Do no re-invent the wheel: 
you will save a lot of time 
and learn many useful facts 



David Barrado EES2015, #22 

Beta Pic MG: CMD and age 

Mamajek et al. (2014) 

F- and G-type  
isochronal age 22 Myr 
 (±3 Myr statistical,  
±1 Myr systematic) 
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- From mag to Lum,Teff 
- Which model? 
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The HR diagram and isochrone fitting: 
 Intrinsic spread? Can we assume coevality? 

Even if we have the 
perfect models, and 
the perfect 
conversion …  
 
1-10 Myr for the 
same dataset, and 
binarity cannot take 
care of this. 
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Naylor 2009,  
Naylor et al. 2009 

Novel techniques to get optimal values 
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Isochrone fitting: 
Globular clusters 
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“A schematic color-magnitude diagram 
for a typical globular cluster showing the 
location of the principal stellar 
evolutionary sequences. This diagram 
plots the visible luminosity of the star 
(measured in magnitudes) as a function 
of the surface color of the star (measured 
in B-V magnitude). Hydrogen-burning 
stars on the main sequence eventually 
exhaust the hydrogen in their cores (main 
sequence turnoff ). After this, stars 
generate energy through hydrogen fusion 
in a shell surrounding an inert hydrogen 
core. The surface of the star expands and 
cools (red giant branch). Eventually the 
helium core becomes so hot and dense 
that the star ignites helium fusion in its 
core (horizontal branch). A subclass is 
unstable to radial pulsations (RR Lyrae). 
When a typical globular cluster star 
exhausts its supply of helium, and fusion 
processes cease, it evolves to become a 
white dwarf.”  
Krauss & Chaboyer (2003) 

Globular clusters: the CMD of M5 



David Barrado EES2015, #28 

•  Isochrone Fitting 
•  Relative MS-fitting Method.- version of first, using age-insensitive 

regions (MG and RGB). 
•  ΔColor.- The color of the MSTO is a strong function of age, while the 

color of the RGB is relatively insensitive to age. Thus, ΔColor (MSTO - 
RGB) is sensitive to the age of a globular cluster (Sarajedini & 
Demarque 1990; VandenBerg, Bolte, & Stetson 1990). 

•   ΔMagnitude.- It uses the difference in magnitude between the MSTO 
(or the SGB) and the HB as an age diagnostic (e.g., Renzini 1991). 

•  Comparison of the Spectral Energy Distribution with theoretical 
synthesis models (extragalactic method, starburst, etc). 

GC: summary of age determination techniques 

Vandenberg et al. (1990); Chaboyer (2001); Bruzual & Charlot 2003;  
Marín-Franch et al. (2009); Wang et al. (2010) 
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“The CMD of M5 and three different isochrones. Notice that a vertical shift in 
any of the non-fitting isochrones (10 and 14 Gyr) will make them fit the 
observed CMD perfectly well. This is equivalent to a change in the distance 
modulus”. Jimenez (1998) 

MS 

SubGiants MSTO 

HB 

AGB RGB 
M5 GC 

(B-I) 

M
(B

) 
CMD of M5: three different isochrones 
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The bins used in the LF method to determine age and distance of a GC.  
Jimenez & Padoan (1998) 
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“Turnoff luminosity vs age relations from the indicated investigations for the 
particular choice of Y=0.20 and  Z=0.0001 for the mass-fraction abundances of 
helium and the heavier elements, respectively. The Mbol(TO) values were calculated 
on the assumption that the solar value is 4.72 mag.” Vandenberg et al. (1996) 

The effect of 
different models 
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“Turnoff 
luminosity vs age 
relations from the 
indicated 
investigations for 
the particular 
choice of Y=0.20 
and Z=0.0001 for 
the mass-fraction 
abundances of 
helium and the 
heavier elements, 
respectively. The 
Mbol(TO) values 
were calculated 
on the assumption 
that the solar 
value is 4.72mag.” 
Vandenberg et al. 
(1996) 

The effect of  
chemical 
composition 
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Krauss & Chaboyer (2003) 

Age universe 
The limits of the precision 

But see 
Giuseppe 
Bono talk 
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Isochrone fitting: 
White Dwarfs 
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The triple system HIP 96515: a low-mass eclipsing binary 
with a DB white dwarf companion 

Huélamo et al. 2009 
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“Stellar luminosity ( top panel) 
and surface gravity ( bottom 
panel) versus effective 
temperature. HIP 96515 Aa 
and Ab are represented by filled 
circles. The grey and black solid 
lines represent evolutionary 
tracks by Baraffe et al. (1998) 
and Landin et al. (2006), 
respectively, for 0.6 and 0.5  
stellar masses. The dotted lines 
represent the uncertainties in the 
stellar masses for the 
ATON models. The comparison 
of HIP 96515 A with the two sets 
of evolutionary tracks provides 
an age of 60 Myr, that is, places 
the eclipsing binary members on 
the pre-main sequence, although 
with large uncertainties.” 
Huélamo et al. (2009) 
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“Mass-luminosity relation for all known eclipsing binaries with masses M < 0.7  (see 
Shkolnik et al. 2008, and references therein). HIP 96515 Aa and Ab are represented by 
filled circles. The dotted, dashed, and solid lines represent evolutionary tracks by Baraffe 
et al. (1998) for 50, 100, and 500 Myr, respectively.”. Huélamo et al. (2009) 
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WD ages 

“Cooling sequences for a 0.606 M white dwarf 
neglecting phase separation (solid line) and taking 

into account phase separation (dotted line) 
computed assuming l = kBT per particle.”  

“Tc-L relationship for the three cooling 
sequences of a 0.6 M white dwarf discussed 
in this paper (upper panel). Also Hansen 
(1999), Althaus & Benvenuto (1998).”  

Salaris et al. (2000) 

WD ages 
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“Left.- M67 MV, (V-I) CMD 
for the entire cluster is 
shown. Only objects passing 
a shape test, indicating that 
they were likely to be stars 
are included in these 
diagrams except that 
theoretical cooling curves 
for 0.7 (upper) and 1.0 
Msun DA WDs are included. 
Also shown is an isochrone 
for 4 Gyr for a metallicity of 
[Fe/H] = -0.04, which is 
appropriate to M67. Right.- 
Replot of the 0.7 M cooling 
curve, indicating along it 
cooling times to various 
magnitudes.” 
Richer et al. (1998) 

WD ages 
M67 

Problem: by definition, it  cannot be absolute 
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Asterosismology 
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Limit rotation velocity

Asterosismology: 
The example of HR8799 

Two possible solutions: 
Very different ages  
(and masses). 
Additional data are required 

Moya et al. (2010) 
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“Power spectrum of the light curve, in a region centred on the maximum of 
the oscillations. The upper part of the figure shows the various modes 
identified for increasing value of n: in red the modes with l = 0, green l = 2, 
blue l = 1. The black dotted line represents the heavy smoothed power 
spectrum.”, Lillo-Box et al. (2014) 

Kepler 91 
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Lillo-Box et al. (2014) 

Kepler 91 



David Barrado EES2015, #44 

Lillo-Box et al. (2014) 

Kepler 91 

Compare the different results with several techniques. Even 3.5.1 and 
3.5.3, both based on asterosismology, produce different values.  From 
Lillo-Box et al. (2014) 
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The cornerstone: 
The Pleiades  

I.- Eclipsing binaries 
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Kepler K2 and a late K SB David et al. (2015) 

Kepler K2 

Pleiades 
Hyades 

M35 
Praesepe 

M67 

Upper Sco 
M4 

M18   M21 
NGC6716 
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Light curve 

RV curve 

David et al. 2015 
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David et al. 2015 

Masses and radii do not fit in the isochrones, 
even for objects with known ages 
(such as eclipsing binaries in clusters) 
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Lithium (I) 
 LDB in mid M 
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6000 5000 4000 3000 2000

0

1

2
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Teff (K)

IC2391  50 Myr
100 Myr
120 Myr

D’AM94 Dusty00

APer

The Pleiades

PPl15

hcg332&509

Barrado et al. (2004)  

Lithium evolution: dependence on mass and age 

!? 

Pleiades 

APer 

IC2391 

A(Li)=3.1-3.2, 
the meteoritic 
Abundance 
(for cosmological 
abundance and  
population II, see 
C. Charbonnel) 
 
The lithium abyss 
increases its width 
with age 
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LBD in the Pleiades 

Stauffer et al. (1998) 
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DANCE: LBD in the Pleiades 

Sarro et al. 2014), Bouy et al. (2014); Barrado et al. (2015) 

No lithium 

Lithium 
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No lithium 

Lithium 

Which value should we use? 

Stauffer et al. (1999) 
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LDB IC2391 

No lithium 

Lithium 
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No lithium 

Lithium 

LDB IC2391 

!? 

Similar case as  
the Pleiades 

Barrado et al. (1999)  

Barrado et al. (2004)  
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Age 

Lithium Depletion Boundary 

Barrado et al. (2004)  
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LDB: from CMD to ages 

Valid for 
15 < age < 450 Myr 
(model dependant) 
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Soderblom et al. (2013) 

Measured LDB ages from 20 to 130 Myr 
Valid range: 15 < age < 450 Myr approx 
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Clusters and the LDB 

Good quality 
spectra  
is needed with a 
8-class 
telescope 
 
Spectral 
resolution: 
1500 minimum 
2500 common 
3500 best 
SNR≈50 
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Gravity  
via alkali spectral features 



David Barrado EES2015, #61 

Other features: 
KI 7700, 
NaI 8200 
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Lithium (II) 
 FGK(M) 
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Lambda Ori 
Barnard 30/35 

Lithium depletion: young associations 

Dolan & Mathieu (1999), Bayo  et al. (2011) 

Disk (accretion) 

A(Li)=3.1 

PMS 
evolution 

Open  
clusters 
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Lithium depletion: clusters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Pleiades 

Alpha Per 

IC2391 

Barrado y Navascués et al. (2004) 

Lithium spread: 
The role of rotation 
(and activity) 
 
See: 
Soderblom et al. (1993) 
 



David Barrado EES2015, #65 

Standard models predict that the depletion happens during the Pre-Main Sequence 
evolution. However, the observations shows that it continues beyond the arrival to the 
ZAMS, so additional, non-standard mixing has to take place.  
 
Moreover, for clusters older than the Pleiades there is a narrow effective temperature 
range (6400-6900 K) which shows a large depletion of lithium abundance due to non-
standard mixing, the so called lithium gap, dip or chasm (Boesgaard & Tripicco 
(1986a); Michaud & Charbonneau (1991); Balachandran (1995)). Pilachowski et al. 
(1984), Pilachowski (1986), Pilachowski et al. (1987), Pilachowski et al. (1988), for 
NGC7789, the Pleiades, NGC752, and M67; Boesgaard & Tripicco (1986b), 
Boesgaard (1987b), Boesgaard (1987a), Boesgaard et al. (1988), Boesgaard & Budge 
(1988), Boesgaard & Budge (1989), Barrado y Navascués et al. (1996) for the Hyades, 
Coma, the Pleiades and Alpha Per, and Praesepe; Soderblom et al. (1993a), 
Soderblom et al. (1993b), Soderblom et al. (1993c) for Praesepe, the Pleiades and 
Ursa Majoris moving group.  
 
More recently, additional observations for clusters, generally younger, have been 
studied. Again, just to provide some references: NGC2516 and M35, almost Pleiades 
twins (Jeffries et al. (1998); Barrado y Navascués et al. (2001a)), IC2602 and IC2391 
(Barrado y Navascués et al. (1999); Randich (2001); Randich et al. (2001); Barrado y 
Navascués et al. (2004)), NGC2547 (Jeffries et al. (2003)), IC4665 (Jeffries et al. 
(2009)), and Collinder 69 (Dolan & Mathieu (1999), Bayo et al. (2012)). 
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Real change in abundance:  
  Bouvier et al.(2008) & Eggenberger et al. (2012).- disk life-time, 

rotation evolution and extramixing at the bottom of the convective 
envelope. 

   Sommers & Pinsonneault (2014).-  radius dispersion for a fixed 
mass and age (this is against the possibility of using isochrone 
fitting to derive ages). 

  Jackson & Jeffries (2013, 2014).- active Pre-Main Sequence stars 
have an expanded radius due to the presence of spot. 

Apparent effect: 
  A number of works dealing with the effect of activity: Stuik et al. 

(1997), Jeffries (1999), King et al. (2000), Barrado y Navascués et 
al. (2001b), King & Schuler (2004), King et al. (2010). 
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Lithium depletion: 
The effect of different models 
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The cornerstone: 
The Pleiades (II) 
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DANCe: membership 

•  Bouy et al. 

•   2013, 2015;  

•  Sarro et al. 2014 

 

 

Taurus 

Pleiades 
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Rejected members 
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HRD, membership & lithium 

 

 

Lithium abyss 
Width related to age 
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Binaries and rotation 

 

 

Data from Hartman et al. (2010) 

Fast 

Average 

Gyrochronology? Depends… 
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Lithium in binaries 
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Only single stars 
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Interferometry 
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 Ursa Majoris Group 

Defined in 1949 by Roman. The assumed age og UMaG is 300 Myr  

“MESA evolutionary code for rapidly rotating stars. …combine these age 
estimates and determine the age of the moving group to be 414±28 Myr” 

Jones et al. 2015 
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Jones et al. 2015 

Ursa Majoris Group 

ABSTRACT: 
“MESA evolutionary code for 
rapidly rotating stars. …combine 
these age estimates and determine 
the age of the moving group to be 
414±28 Myr” 

Final errors  
Rejected 
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Kinematics 
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Kinematics and age: Beta Pic MG 

Mamajek et al. (2014) 
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Gyrochronology 
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D. Soderblom 
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Seems to work for old stars 

D. Soderblom 
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D. Soderblom 
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Kovacs (2015) 

Additional samples will come from Kepler K2 
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Stellar activity 
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Barrado y Navascués & Martín 2003 

Stellar activity: H(alpha) emission 
Do we really understand stellar activity and other properties we use? 
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Activity: X-rays 

Use activity as a  
qualitative 

indicator only 
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The Beta Pic 
moving group 
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Mamajek et al. (2014) 

The Beta Pic MG age 
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Mamajek et al. (2014) 

The Beta Pic MG age 
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β Pic 



David Barrado EES2015, #93 

Brunini & Benvenutto  (1996) 

β Pic 
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“Locating the LDB in 3 separate colour 
(or spectral-type) vs. magnitude 
diagrams. New members from Table 1 and 
objects from the literature 
are indicated. Absolute magnitudes are 
calculated from 2MASS K and 
a trigonometric parallax where available 
or a kinematic distance otherwise. 
Known, unresolved binaries are marked 
with ‘B’. Black lines represent constant 
luminosity loci from Chabrier & Baraffe 
(1997) where Li is predicted to be 99% 
depleted at the ages indicated. The green 
and maroon lines are 10 and 20 Myr 
isochrones from Siess et al. (2000). The 
rectangle in each diagram represents the 
estimated LDB location and its 
uncertainty, based on the faintest Li-
depleted member and the brightest Li-rich 
member (but excluding the unresolved 
binary at MK ≃ 5.3)” 
Binks & Jeffries (2014) 

BPMG 21±4 Myr 

A gap and a low number of objects 

A gap and a low number of objects 
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Lanz et al. (1995): “… the star is either a pre-main-sequence (PMS) star 
nearing the zero-age main sequence (ZAMS), or it is a main-sequence star 
older than 0.3 Gyr.” 
Brunini & Benvenutto (1996): “… argues in favour of a large age for β Pic. 
However, the estimation of stellar ages employing cometary fluxes should be 
treated with caution, on account of the diversity of possible planetary systems”. 
Barrado y Navascués (1999, 2001): “The estimated age for b Pic is then 
20±10 Myr, where the uncertainty in the age arises primarily from possible 
errors in the pre–main-sequence isochrones and in the conversion from color to 
effective temperature.” 
Malo et al. (2014): “We find that the inclusion of the magnetic field in 
evolutionary models increase the isochronal age estimates for the K5V-M5V 
stars. Using these models and field strengths, we derive an average isochronal 
age between 15 and 28 Myr and we confirm a clear Lithium Depletion 
Boundary from which an age of 26±3 Myr is derived, consistent with previous 
age estimates based on this method.” 
Binks & Jeffries (2014): “The LDB age of the BPMG is 21±4 Myr and 
insensitive to the choice of low-mass evolutionary models. This age is more 
precise, likely to be more accurate, and much older than that commonly 
assumed for the BPMG” 
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Mamajek et al. (2014) 
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Impact on planets and IPMOs 
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«… quienes afirman el descubrimiento de algo, pero no 
producen pruebas, serán reprobados por haber 
pretendido descubrir lo imposible». 
 
«… Those who claim to discover everything but produce 
no proofs of the same may be confuted as having 
actually pretended to discover the impossible». 
 
Archimedes of Syracuse, III BCE 

Archimedes and Eratosthenes 
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Isolated Planetary Mass Objects  

Lucas et al. 2006 
Trapezium.- Lucas et al. 2000, Weight et 
al. 2009 
SOri.- Zapatero-Osorio et al. 2000, 2002, 
Barrado et al. 2001 
C69.- Barrado et al. 2004, 2007 
Taurus.- Quanz et al. 2009 
UpperSco.- Leffreniere et al. 2008 
TWA.- Chauvier et al. 2004 
RhoOph.- Marsh et al. 2009 
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Low-Mass Companions to Members and Interlopers of Young Moving Groups 

Bowler et al. 2015  
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Transiting  
exoplanets 

He abundance effect Mixing length effect 
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2 

Based on Baraffe et al. 1998; 
Chabrier et al. 2003 

PMS stars 

H burning 

Deuterium 
burning 

MS stars 

Substellar 
(always PMS) 

Ages and  masses 
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See detail in Bayo 2009; Bayo et al. 2011, 2012 

C69: a  100% spectroscopic IMF 

Probably pollution 
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Searching for complete,  
unbiased census 



David Barrado EES2015, #105 

Dancefloor:  
The Pleiades 

14784 individual 
images 

Bouy et al. 2013 

Details in: 
Bouy et al. 2013, 2014 
Sarro et al. 2013 

Moon at scale 
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Astrometry from the ground 

H. Bouy 
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Bouy et al. 2014 

Tycho catalog and the bright end  
 
83 of the 207 candidate members 
were not present in Stauffer et al. 
(2007) list 

812 
New  

members 

The best studied open cluster and we 
are discovering new things 
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Data and models 

Models do not fit even in nearby, 
well characterized clusters 
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Data and models 

Models do not fit 
even in nearby, well 
characterized clusters 
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Check public  
databases 

Effect 
of contaminants 
on the MF 
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“L'historien ne doit aux morts que la vérité” 
 
“The historian owns nothing to the dead except the 
truth” 
 
“El historiador debe a los muertos nada salvo la 
verdad” 
 
Jean-Baptiste Delambre, “Historie de l´astronomie 
moderne”, 1821 
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Summary (I) 

1 Myr 

10 Myr 

100 Myr 

1000 Myr 

10000 Myr 

0.1 Myr 

Rho Oph 

Lambda Ori 

IC2391 

The Pleiades 

Hyades 

M67 

Taurus Rho Oph 

Lambda Ori 

IC2391 

The Pleiades 
Hyades 

M67 

Taurus 

Rho Oph 

Lambda Ori 

IC2391 

The Pleiades 

Hyades 

M67 

Taurus 

Cluster X 

? ? 

Primary indicators 
•   Different models 
•   Conversions  observations-theory 
•   Can we assume coevality? 
Secondary indicators 
•   Do we really know the ages of the “well-known” SFR and clusters? 
•   Do we really understand the properties we use, such as activity? 
•   Again, coevality 
Consistency 
•   Different masses and ages, different methods 
•  Each age value is linked to models and to specific scales. 

Activity: 
Lx 

Upper MS 
fitting 

Age 

Spectral Type 

1 Myr 

10 Myr 

100 Myr 

1000 Myr 

10000 Myr 

Strömgren 
 phot 

Activity:  
Halpha 

Lithium 

Alkali 

Isochrone  
fitting 

Eclipsing 
 Binaries 

Interferometry 

Companions: 
WD, III/IV 

Molecular  
bands 
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Summary (II) 

•  Models are complex beast with a lot of physics behind 
•  Search “below the carpet” 
•  Read papers, specially old ones 
•  Give credit to previous results 
•  Be sceptical 
•  Be realistic with errorbars 
•  Precision versus accuracy 
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Concerning the hommage to  
Jean-Paul Zahn  

There is a chain of knowledge transmitted 
over the generations. And in the case of PhD 
students and supervisors, a line of questions 
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Two sides of reality: 
Thales of Miletus 

The absentminded philosopher.- thinking about the stars, 
fell down in a ditch 
 
The investor who had the knowledge.- knowing the olive 
crop was going to be excellent, he rented all mills around 
Miletus and made a huge amount of money with his 
monopoly. 
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Many thanks to: 
SOC 
E. Moraux (IPAG, chair) 
C. Charbonnel (IRAP/Observatoire de Genève) 
Y. Lebreton (GEPI Obs. de Paris/IPR Univ. de Rennes 1) 
F. Martins (LUPM, Université de Montpellier) 
A. Robin (UTINAM, Besançon) 
LOC 
E. Moraux (IPAG, chair) 
M.-H. Sztefek (IPAG, gestionnaire) 
F. Maia (IPAG) 
I. Joncour (IPAG) 
Y. Lebreton (GEPI Obs. de Paris/IPR Univ. de Rennes 1) 
B. Dintrans (IRAP) 
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I hope you have enjoyed these talks 
and 

thanks for your attention!!!  


