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Introduction

Open Clusters in galactic astronomy

= [

)ata analysis In astrostatistics

= Data Bases
= Membership in open clusters
= Distance Moduli
= Galactic extinction
= Age of galactic clusters
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BASTI isochrones Introduction

Open Cluster M67

= Position
" (o= 8h 50m 26.1s
" O.00= 11948 46"

= Distance 870 pc
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BASTI isochrones Introduction

The importance of M67

[

= Age 4 Gyrs.
= Chemical composition.
= Solar type stars.
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BASTI isochrones Introduction

Membership study

= Proper Motions from 1866 stars W. Sanders

= Photometry from Montgomery, Sanders, Girard
= Mixture Density Model

= Bivariate normal components

= Parameter estimation

= EM algorithm

= EMMIX software
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PM vector point spread diagram

Arcsec/cent
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PM bivariate normal components for
the field and cluster stars

Mark H. Slovak

3337 Z@zfz xjnuza )

A Yale symposium in honor of Bill Van Altena

A. Uribe, R. Barrera, A. Higuera, E. Brieva September 2008



M67 most probable members and age estimation using The model and the likelihood function
BASTI isochrones

The EM algorithm

= This has been the statistical approach

to estimate the parameters of the
mixture model.

= This goal is reached because the EM
algorithm allows to find a point of the
parameter space that maximizes the

log-likelihood function through the E
and the M steps.
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BASTI isochrones The model and the likelihood function

Serb. Astron. J. N 173 (2006), 57 - 64 UDC 524 45M67-16-17
DO1:10.2208/SAJOE73057U Original scientific paper

THE EXPECTATION MAXIMIZATION ALGORITHM AS A POWERFUL
TOOL TO SOLVE THE STELLAR MEMBERSHIP IN OPEN CLUSTERS.
AN APPLICATION TO M67

A. Uribe, R. Barrera and E. Brieva

Observatorio Astrondmico, Facultad de Genaas, Unwveradad Nacional de Colomba,
Apartado Aéreo 258§, Bogotd, Colomha

(Received: August 29, 2006 ; Acceptad: September 21, 2006 )

SUMMARY: The EM algorithm is o powerful tool to solve the mambearship prob-
lom in open chustors whon a mixture dansity model overlaping two hoteroscodastic
bivariate normal components is buik to fit the cloud of relative proper motions of
the stars in a region of the sky whare a cluster is supposed to be. Kommborship
study of 1866 stars located in the region of the vary old open clustor ME7 is car-
ried out via the Expeoctation Maximization nlgorithm using the McLachlan, Ped,
Basford and Adams EMMIX software.

Kay words. Mothods: analytical — Mothods: data analysis — Mothods: statistical -
open chustors and associations: individual: M67T
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) Parameters estimates of the mixture model
BASTI isochrones

The EMMIX software

nttp:/ /www.maths.ug.edu.au/~gjm/emmix/emmix.htmi
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Parameters estimation by EM

T

A~ (k—*—l) . 1 ~ ~ (k)
% = — E T:: (X, O
) n 4 J ( g2 )
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The membership probabilities are
found through a Bayesian rule

& (X (—’f-)‘?*'?) )

’f";"z(Xj:('t')(k))_ 2 | (k) 5 (k)
Zz 14 f (\ Z )
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M67 most probable members

Table 1. Proper motions, absolute magnitudes, colors and M67 cluster members
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BASTI isochrones The age of Mé67

Learning from Allan Sandage, Lori M.
and Don VandenBerg

PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE Pactric, 115:1187-1206, 2003 October
© 2003. The Astronomscal Soctety of the Pacific. All nghts reserved. Prnted 1n US A.

The Age of the Oldest Stars in the Local Galactic Disk
from Hipparcos Parallaxes of G and K Subgiants'

ALLAN SANDAGE

The Observatories of the Carnegte Institution of Washgton, 813 Santa Barbara Street, Pasadena, CA 91101

Lort M. LuIN

Department of Physics, University of California, Davis, One Shields Avenue, CA 95616; Imlubin@uedavis edu

AND
DoN A. VANDENBERG
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Main Hipparcos catalog cloud and
isocrhones from Don VandenBerg
Victoria Regina models
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BASTI isochrones The age of Mé67

Main Hipparcos catalog cloud and
isocrhones from Don VandenBerg
Victoria Regina models

— [Fe/H] = -0.29
[Fe/H] = +0.00
[Fe/H] = +0.37
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BASTI isochrones The age of Mé67

Isochrone by Pietrinferni-Cassisi-Salaris-
Castelli 2006 Standard Model

= Scaled solar model & transformation (Castelli 1999)

(M/Mo)in | (M/Mo) Jlog(L/Lo
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- . -
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[Fe/H]=0.058 Z=0.0198
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M67 Color Magnitud Diagram and Age
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M67 Stellar spectra by Allen L. et al.

THE ASTRONOMICAL JOURNAL VOLUME 109, NUMBER 3 MARCH 1995

MODERATE-RESOLUTION SPECTRAL STANDARDS FROM A5600 TO A%000 A

Lor! E. ALLEN' AND KAREN M. StrROM'

Five College Astronomy Depaniment, Gradeaie Rescarch Center, S17.G, Universey of Massachusens, Amberst, Massachascests 0103
Electrome mail: allen@inyo. phoedt umass.edu, kstrom @ hanksville phast umass edu

Recewved 19M Sepsexber 26, revized 19N Nowewber 15
ABSTRACT

We present a grid of stellar classification specira of moderate resolution (R~ 1500) in the range AASHN -
9000 A, compiled from high signal-to-noise spectra of 275 stars, most in the open clusters Pracsepe and
M67. The gnd covers dwarls from types BE through MS, grants from G3 through M7, and subgiants from
F5 through KO. We catalog atomic and molecular absorption features useful for stellar classibcation, and
demonstrate the use of luminosity-sensitive features to distinguish between late-type dwarf and giant stars
The entire database is made available in digital format on anoaymous ftp and through the World Wide Web.
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M67 Stellar spectra by Allen L. et al.

L. E ALLEN AND K. M. STROM: SPECTRAL STANDARDS

Pamer 2. Specurad standards in M6&T
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BASTI isochrones Results

The age of M67

= CMD with 314 M67 most probable members
= Three Basti isochrones (3.75, 4 y 4.5) Gyr

B |[sochrones are based on a scaled solar
model with 2000 points

= [Fe/H] = 0.58, Z=0.0198, Y= 0.273
= Distance modulus = 9.7
= 24082 hipparchos stars from HMC
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BASTI isochrones Results

Membership results

= 1510

= 518 Membership probability > 0.5
= 314 Membership probability > 0.9
= 12 G2V solar type stars

= Correct allocation rate 0.937
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