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Open Clusters in galactic astronomy

 Data analysis in astrostatistics 
 Data Bases 

 Membership in open clusters
  Distance Moduli
 Galactic extinction 
 Age of galactic clusters
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 Position
 α2000= 8h 50m 26.1s
 δ2000= 11ο 48´ 46´´

 Distance 870 pc

Open Cluster M67
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 Age 4 Gyrs.
 Chemical composition.
 Solar type stars.

The importance of M67
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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 bivariate normal  components for 
the field and cluster stars

Mark H. Slovak

Membership in the region of the open cluster M67 via the Expectation

Maximization algorithm and age determination using a bag of BASTI isochrones

Antonio Uribe, Ruth-Stella Barrera-Rojas and Eduardo Brieva

Observatorio Astronómico Nacional, Universidad Nacional de Colombia

Bogotá, Colombia

email: jauribeb@unal.edu.co

Abstract

A membership study in the region of the open cluster

M67 via the Dempster, Laird and Rubin Expectation Maxi-

mization algorithm is presented and three BASTI isochrones

have been fitted to the subset of three hundred fourteen M67

most probable members. The best fit gives an age of four gi-

gayears.

1. Introduction

M67 is a very old open cluster located at

α2000 = 8h50m26, 1s and δ2000 = +11o48
′

46
′′

.

This famous galactic object has been extensively studied

through theory and observation. As proper motions and

membership determination is concerned, several papers can

be quoted published by [14] , [5] and [22]. M67 is located

at an estimated distance of 870pc ([5]). Most studies agree
to an age between 4 and 5 Gyr, making it a representative

object for population of solar age stars ([3], [20]). Thus,

M67 is an appropriate target of observation for the study of

solar type stars since it has the same chemical composition

of the Sun ([1] and [6]).

A membership study in the region of the open cluster

M67 is presented. A mixture density model that overlaps

two heteroscedastic bivariate normal components has been

built to model the relative proper motions measured in arc

seconds per century of 1866 M67 stars, some of them clus-

ter members and some others field stars. Proper motions

greater in absolute value than 1.5 were pruned. The data
was obtained by [13] and [14]. The parameter estimates are

obtained via the EM or expectation maximization algorithm

following [4] and applying the McLachlan, Peel, Basford

and Adams EMMIX software [8], [7]. The obtained

membership probabilities come from Bayes Theorem and

310 most probable members are found, twelve of them of

solar type. In a further step three BASTI isochrones have

been fitted to this subset of most probable members. The

best fit gives an age of four gigayears.

2 The model and the likelihood function

A Gaussian Mixture Model has been often used to clas-

sify into 2 homogeneous subpopulations πi, a random sam-

ple of n observations x1, . . . , xn, coming from a heteroge-

neous population [9] Let xT
j = (xj1, , xj2) be the trans-

posed vector formed by measuring 2 continuous random

variables Xj1, Xj2 in the individual j, j = 1, . . . , n. If
the probability density function (pdf) of the ith normal sub-
population, i = 1, 2, is fi(xj , µi, Σi), with vector of means
µi and variance-covariancematrix Σi, then the multivariate

variableXT
j = (Xj1, Xj2), j = 1 . . . , n has a pdf given by

the mixture f(xj ; Θ) of 2 normal components:

f(xj ; Θ) =
2

∑

i=1

αifi(xj ; µi, Σi),

where the components of the vector Θ are, the unknown

proportions α = (α1, α2), -constrained by 0 < αi < 1 and
∑2

i=1 αi = 1, the unknown components of the vector of
means µ1, µ2 and the unknown parameters that come from

the 2 heteroscedastic variances Σi. In a first step we con-

sider the n x 2 matrixX with its j line, j = 1, . . . , n, given
byXj1, Xj2. This is an incomplete matrix in the sense that

it is clearly unkown to which subpopulation i, i = 1, 2
should be assigned the jth individual with a vector of ob-
servations xT

j , realizations of the random vector XT
j . In

order to solve this ”incomplete data” problem, a complete

n x (2+2) matrix, let us say, [X, Z] is formed, where Z is

defined by latent Bernoulli variables Zji; Zji is one, if the

jth individual belongs to the ith subpopulation πi and it is

zero in other case. To each individual j is then associated
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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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The EMMIX software
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Parameters estimation by EM
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The membership probabilities are 
found through a Bayesian rule

=
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M67 most probable members

. . . . . .
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Learning from Allan Sandage, Lori M. 
and Don VandenBerg
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Main Hipparcos catalog cloud and 
isocrhones from Don VandenBerg 

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

Victoria Regina models
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Isochrone by Pietrinferni-Cassisi-Salaris-
Castelli 2006 Standard Model

 Scaled solar model & transformation (Castelli 1999)
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M67 Color Magnitud Diagram and Age
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M67 Stellar spectra  by Allen L. et al.
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M67 Stellar spectra  by Allen L. et al.

...
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The age of M67

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