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Reliable age estimates set the time scales of Galactic dynamical and 
chemical evolution 

Most reliable methods? 

- Asteroseismology 
- Isochrone fitting

Context



I. Testing the strategy in clusters
II. Large scale ages for field stars
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Gaia Collaboration et al. 2018



SPInS: Stellar Parameters Inferred Systematically
[Lebreton & Reese 2020]
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Stellar parameters inferred from stellar evolution model grid using classical constrains 

Bayesian approach

MCMC solver

Interpolation in grid

Priors

PDF sampling: 
- Mass 
- Age 
- Metallicity 

New implementation: convergence from the 
 integrated autocorrelation time ( ) [Hogg & Foreman-Mackey 2018] <latexit sha1_base64="hnLXyj98SyWJxboWlxO2Ayd1ueI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpl26uwm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTAQ36HnfTmlldW19o7xZ2dre2d2r7h88mjjVlLVoLGLdCYlhgivWQo6CdRLNiAwFa4fj29xvPzFteKwecJKwQJKh4hGnBHOphyTtV2te3ZvBXSZ+QWpQoNmvfvUGMU0lU0gFMabrewkGGdHIqWDTSi81LCF0TIasa6kikpkgm906dU+sMnCjWNtS6M7U3xMZkcZMZGg7JcGRWfRy8T+vm2J0HWRcJSkyReeLolS4GLv54+6Aa0ZRTCwhVHN7q0tHRBOKNp6KDcFffHmZPJ7V/cv6xf15rXFTxFGGIziGU/DhChpwB01oAYURPMMrvDnSeXHenY95a8kpZg7hD5zPHyRtjlI=</latexit>⌧
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The grid: solar-scaled BASTI, overshooting, mass loss, diffusion 

1,176 evolutionary tracks  

The observational constraints

<latexit sha1_base64="e71kdEQ4RAIQsw6113yZkHVqNoc=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuJCQiFU3QtGNm0IFe4E0hMlk2g6dZMLMRCihOze+ihsXirj1Fdz5Nk7bINr6w8DHf87hzPmDhFGpbPvLKCwsLi2vFFdLa+sbm1vm9k5T8lRg0sCccdEOkCSMxqShqGKknQiCooCRVjC4Htdb90RIyuM7NUyIF6FeTLsUI6Ut39yv+fala1tOzc86PORqdOxUftjzzbJt2RPBeXByKINcdd/87IQcpxGJFWZIStexE+VlSCiKGRmVOqkkCcID1COuxhhFRHrZ5I4RPNROCLtc6BcrOHF/T2QoknIYBbozQqovZ2tj87+am6ruhZfROEkVifF0UTdlUHE4DgWGVBCs2FADwoLqv0LcRwJhpaMr6RCc2ZPnoXliOWdW5fa0XL3K4yiCPXAAjoADzkEV3IA6aAAMHsATeAGvxqPxbLwZ79PWgpHP7II/Mj6+AR/vmD8=</latexit>

M0 = [0.1M�, 15M�]
<latexit sha1_base64="fKocLbvYPRi7N6uDX17J/IRPMes=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK40Jhoa3UhFN10I1SwD0hDmUwn7dDJg5mJUEI3bvwVNy4Uces/uPNvnLRZaOuBC4dz7uXee9yIUSFN81ubm19YXFrOreRX19Y3NvWt7YYIY45JHYcs5C0XCcJoQOqSSkZaESfIdxlpuoOb1G8+EC5oGNzLYUQcH/UC6lGMpJI6+p7d9pHscz+5PamOnCvbNIqlo+Mzw7osOx29YBrmGHCWWBkpgAy1jv7V7oY49kkgMUNC2JYZSSdBXFLMyCjfjgWJEB6gHrEVDZBPhJOMvxjBA6V0oRdyVYGEY/X3RIJ8IYa+qzrTk8W0l4r/eXYsvQsnoUEUSxLgySIvZlCGMI0EdiknWLKhIghzqm6FuI84wlIFl1chWNMvz5LGqWGdG6W7YqFyncWRA7tgHxwCC5RBBVRBDdQBBo/gGbyCN+1Je9HetY9J65yWzeyAP9A+fwDgz5Y9</latexit>

[M/H] = [0.45,�3.197]

SPInS: Stellar Parameters Inferred Systematically



I. Testing the strategy in clusters
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Among the best anchors to validate age estimations 
Control sample to evaluate the capacity of SPInS to obtain ages of INDIVIDUAL stars 

13 Open clusters with Age = [70Myr, 7Gyr], [Fe/H] = [-0.11, 0.11]

<latexit sha1_base64="jqIzJrF2DwQpNtERcuJq7ZM61K8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQgx4jmgckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHssHM07Qj+hA8pAzaqx0f9Nze+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrn1bO700rtKo+jCAdwCMfgwQXU4Bbq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H9/Ct414</latexit>

G0

<latexit sha1_base64="ElkOgR+5rhPw8TpUMMWY5l5tDjs=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYVUBqoE8RqrMsAYEH1IbRQ5rtNadZzIdkBVyKewMIAQK1/Cxt/gthmg5UhX9+ice+Xr48eMSmVZ30ZhaXllda24XtrY3NreMcu7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7o6uJ334gQtKI36txTNwQDTgNKEZKS55Zrl57acPJjnW7c7Ijz/LMilWzpoCLxM5JBeRwPPOr149wEhKuMENSdm0rVm6KhKKYkazUSySJER6hAelqylFIpJtOT8/goVb6MIiELq7gVP29kaJQynHo68kQqaGc9ybif143UcGlm1IeJ4pwPHsoSBhUEZzkAPtUEKzYWBOEBdW3QjxEAmGl0yrpEOz5Ly+S1knNPq+d3Z5W6o08jiLYBwegCmxwAergBjigCTB4BM/gFbwZT8aL8W58zEYLRr6zB/7A+PwBeKOS3A==</latexit>

(GBP �GRP )0

<latexit sha1_base64="/dUu0RndUEpgVOowdLsvo9dWVU4=">AAAB+nicbVDJTsMwFHTKVsqWwpGLRYXEqUoQ27HAhWOR6CI1UeW4bmrVS2Q7oCr0U7hwACGufAk3/ganzQEKI1kazbynN54oYVQbz/tySkvLK6tr5fXKxubW9o5b3W1rmSpMWlgyqboR0oRRQVqGGka6iSKIR4x0ovF17nfuidJUijszSUjIUSzokGJkrNR3qwGTMQw4MiPFs8uYTPtuzat7M8C/xC9IDRRo9t3PYCBxyokwmCGte76XmDBDylDMyLQSpJokCI9RTHqWCsSJDrNZ9Ck8tMoADqWyTxg4U39uZIhrPeGRncwz6kUvF//zeqkZXoQZFUlqiMDzQ8OUQSNh3gMcUEWwYRNLEFbUZoV4hBTCxrZVsSX4i1/+S9rHdf+sfnp7UmtcFXWUwT44AEfAB+egAW5AE7QABg/gCbyAV+fReXbenPf5aMkpdvbALzgf30XGlAc=</latexit> lo
g
A
ge

1 globular cluster NGC 6397 (d = 2.5 kpc, Age=12.8 Gyr  [Correnti et al. (2018); 
                                     [Fe/H]= -1.98, [alpha/Fe] = 0.36 [Carretta et al. (2019)] 

~4,000 MSTO & SG}
Metallicity scaling using Salaris+1993
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Blue stragglers 
underestimationlow main sequence: 

overestimation

Literature: 
distributed 

isochrone fit

I. Testing the strategy in clusters
Unresolved binaries 

overestimation
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Sum of the PDF 
of each star

Median of 
individual star’s 

“best” age Literature

I. Testing the strategy in clusters
Filtered ages better than 10% & 500 Myr



II. Large scale ages for field stars
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Gaia absolute CMD 
                     

   restriction to good uncertainties in : 
parallax (~ 1%) 
Absolute magnitudes (~0.03) 
RUWE (<1.2) 

   good estimation of reddening: 
3D extinction maps [Vergely, Lallement & Cox 2022]  

(3kpc x 3kpc x 800 pc, resolution 10 pc) 
Avoiding low latitude regions 

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)
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Absolute CMD 

[Fe/H] & [alpha/M] from 
LAMOST DR8 
LRS & MRS 
(Selecting errors < 0.05) RC

S-RC

RGB

Binaries

MSTO & SG

II. Large scale ages for field stars
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Selection of main sequence turnoff and subgiant stars as Queiroz+2023 (StarHorse) 
Sample of ~250k stars (LRS), ~35k stars (MRS)

II. Large scale ages for field stars
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Comparison with recent catalogues in the literature

II. Large scale ages for field stars
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Age-metallicity relation

MRS 35k stars LRS 250k stars

II. Large scale ages for field stars
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Age-metallicity relation

MRS 35k stars LRS 250k stars

II. Large scale ages for field stars
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Alpha-age relation [MRS]

II. Large scale ages for field stars



Conclusions

- Ages with SPInS are reliable using only absolute colour-magnitude diagrams + metallicities 

- Clusters are great to test goodness of ages, and understand possible biases 
- Unresolved binaries/blue stragglers 
- Young low main sequence stars 

- For a local sample (~ 1 kpc) of 245k & 35k stars in LAMOST DR8 
- Expected age-metallicity relation with tight and clean thick disk sequence 
- Alpha vs age relation

[Casamiquela et al. in prep.]


