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Abstract

The initial-final mass relationship connects the mass of gendwarf with the
mass of its progenitor in the main-sequence. Although tiigfion is of fundamen-
tal importance to several fields in modern astrophysics itat well constrained
either from the theoretical or the observational pointsiefw In this contribution
we revise the present semi-empirical initial-final masatiehship by re-evaluating
the available data. The distribution obtained from groggtt our results presents a
considerable dispersion, which is larger than the uncaits. We have carried out
a weighted least-squares linear fit of these data and a targilysis to give some
clues on the dependence of this relationship on metalliEityally, we have also
performed a test of the initial-final mass relationship hydsing its effect on the
luminosity function and on the mass distribution of whiteaits.

1 Introduction

The initial-final mass relationship of white dwarfs is of aarount importance for
several aspects of modern astrophysiscs such as the dedtioni of the ages of
globular clusters and their distances, the study of the ateravolution of galax-
ies, and also to understand the properties of the Galagbiolption of white dwarfs.
However, we still do not have an accurate measurement afglaigonship and, con-
sequently, more efforts are needed from both the theotetitdthe observational
perspectives to improve it.

Linstitut d’Estudis Espacials de Catalunya, ¢/ Gran Cabi#, 08034 Barcelona, Spain

e-mail: catalan@ieec.uab.es

2|nstitut de Ciéncies de I'Espai, CSIC, Facultat de CiescUAB, 08193 Bellaterra, Spain
3Departament de Fisica Aplicada, Escola Politécnica Sapele Castelldefels, Universitat
Politecnica de Catalunya, Avda. del Canal Olimpic s/i88IBCastelldefels, Spain



2 S. Catalan, J. Isern, E. Garcia-Berro and |. Ribas

The first attempt to empirically map this relationship wasriea out by [14],
who provided also a recent revision ([15]). Although manpiovements have been
achieved in these 30 years, the dependence of this funatiaiifferent parameters
is still not clear (e.g. metallicity, magnetic field, angutlaomentum). On the other
hand, numerous works have dealt with the calculation of aritecal initial-final
mass relationship, see [4, 12], but the differences in teatutionary codes, such
as the treatment of convection, the value of the assumeadatnihass or the mass
loss prescriptions used lead to very different results.

From an observational perspective, most efforts up to nove liacused on the
observation of white dwarfs in open clusters, since thigvadl to infer the total age
and the original metallicity of white dwarfs belonging teetbluster ([16, 8]). Open
clusters have made possible the derivation of a semi-ecapinitial-final mass re-
lationship using more than 50 white dwarfs, although onlering the initial mass
range between.3 and 70 M, because stellar clusters are relatively young and,
hence, the white dwarf progenitors in these clusters arergély massive. Never-
theless, the recent study of [9] (based in old open clusterd]1] (based in common
proper motion pairs) have extended this mass range to smadisses.

2 Direct test

2.1 Data used for the analysis

We have carried out a re-analysis of the available data otiyreised to define
the semi-empirical initial-final mass relationship, whishmainly based on white
dwarfs in open clusters. We have used the white dwarf atmerg8pparametersity
and log) derived by other authors, as well as the ages and metatiaf the clus-
ters reported in the literature (see [2]). To obtain the fiaadl initial masses we
followed the procedure described in [1]. This proceduresists in deriving the
final mass ) and the cooling time of each white dwarf from the atmosphpa-
rameters and the cooling sequences of [13]. These cooliclgrconsider a carbon-
oxygen (CO) core white dwarf (with a larger abundance of Chatdentre of the
core) with a H thick envelope ontop of a He buffgtH) = My/M = 10~* and
q(He) = Mye/M = 1072, Since we know the total ages of these white dwarfs (from
the age of the cluster) we derived the main-sequence liétiof the progenitors,
and from these, their initial masses using the stellar sal4]. In the case of the
common proper motion pairs, the procedure that we followetktrive the final and
initial masses of the white dwarfs is explained in detaillh [

In Fig. 1 we present the final masses versus the initial madgamed for white
dwarfs in common proper motion pairs and open clusters. THeeiwational data
that can be used to define the semi-empirical initial-finaksneelationship con-
tains now 62 white dwarfs. It is important to emphasize thiathe values below
2.5 M, correspond to our data obtained from common proper motiins pad the
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Fig. 1 Final masses versus initial masses of the available data.

recent data obtained by [9]. Before these studies no datthése small masses
were available, since white dwarfs in stellar clusters aneally more massive, es-
pecially if the clusters are young. The coverage of the loassnend of the initial-
final mass relationship is specially important since it guméees, according to the
theory of stellar evolution, the study of white dwarfs wittasses near the typi-
cal valuesM ~ 0.57Mg, which represent about 90 per cent of the white dwarf
population ([10]). Thus, these new data increase the statisignificance of the
semi-empirical initial-final mass relationship.

A first inspection of Fig. 1 reveals that there is a clear dejesice of the white
dwarf masses on the masses of their progenitors. In Fig. hawe also plotted the
theoretical initial-final mass relationship of [4] for sokeomposition to be consis-
tent with the stellar tracks used to derive the initial masgdéthough the distribution
presents a large dispersion, a comparison of the obsematitata with these the-
oretical relationships shows that they share the same ttéodever, it should be
noted that for each cluster the data presents an intrins@adpin mass. The dis-
persion varies from cluster to cluster, but it is particlylaroticeable for the case of
M37. Nevertheless, it should be taken into account as watlttie observations of
M37 were of poorer quality than the rest of the data ([5]).
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2.2 The semi-empirical relationship

Following closely recent works on this subject by [5, 17, Wg assume that the
initial-final mass relationship can be described as a lifigaction. As can be seen
in Fig. 1 the theoretical initial-final mass relationshipfid line) can be divided in
two different linear functions, each one above and below\2.7 with a shallower
slope for small masses probably due to the smaller efficieficgass loss. Taking
this into account we have performed a weighted least-squarear fit for each
region, obtaining

Mt = (0.096+ 0.005M; + (0.429+ 0.015) (1)
for Mj < 2.7 M, whereas folM; > 2.7 M, we obtain:

M = (0.137+0.007)M; + (0.3180.018) )

where the errors are the standard deviation of the coeff&ien

These expressions have been overplotted in Fig. 1 as twablswds. Taking into
account the scatter of the data and the values of the redyuced these fits (7.1
and 4.4, respectively) we consider that the errors as®tiat the coefficients are
underestimated. A more realistic error can be obtained caimg the dispersion of
the derived final masses, which is aD8 M., and Q12 M, respectively. These are
the errors that should be associated to the final mass whag tle expressions
derived here — Egs. (1) and (2), respectively. In past wosksse there was not
available data in the region of low-mass white dwarfs, atlsgsares linear fit led
to an unconstrained result, see [5]. For this reason, aificticanchor point at low
masses was used to represent the typical white dwarf itass0.57 M, according
to [10]. In our case, this is not necessary since we are novodejging this well-
established peak of the field white dwarf mass distributianks to the new data in
the low-mass region ([9, 1]).

The sample of white dwarfs studied here covers a range oflicétas from
Z = 0.006 to 0040. From a theoretical point of view it is well establishéeitt
progenitors with large metallicity produce less massivatevdwarfs — see [4].
Thus, one should expect to see a dependence of the semii@hg@ata on metal-
licity. We have performed a quantitative study of the catiein between the final
masses and metallicity. We have computed the differendesela the observed fi-
nal masses and the final masses obtained using Egs. (1) arid ¢&Jer to quantify
this correlation we have calculated the Spearman rankledioa coefficient obtain-
ing —0.0024+0.128. The error has been derived from a bootstrapping. Thesam
conclude that the final masses and metallicities of this $am not correlated,
and that the scatter in the distribution in Fig. 1 is not duthtoeffect of metallicity.
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Fig. 2 Left: White dwarf luminosity functions versus visual matyrie using different initial-final
mass relationships. Right: Mass distributions for WDs Wiigh > 12000 K considering different
evolutive stellar models and initial-final mass relatiapsh

3 Indirect test

We have computed a set of white dwarf luminosity functionssidering an age of
11 Gyr for the Galactic disc and using bins of visual magretud Fig. 2 (left) we
show from top to bottom the total luminosity function and thminosity functions
of white dwarfs with masses larger thary 01, and 10 M., respectively. The total
luminosity function (that is, considering the whole randgenasses) was normal-
ized to the bin corresponding tdy = 11, and then, this normalization factor was
used for the luminosity functions of white dwarfs more masghan 07 M., and
1.0 Mg. In this case, we have used the stellar evolutionary inpiig] ¢D99), [12]
(M01), [18] (W92) and the semi-empirical initial-final massationship that we
have derived in the previous section. Circles, triangles saquares correspond to
the observational data of [11]. Comparing the differenbtieéical luminosity func-
tions, it can be noted that the predicted number of massiieewvdwarfs is larger
when using the inputs of [4], [12] and our semi-empiricatiaiifinal mass relation-
ship in comparison with the results obtained when congidettie expressions of
[18]. This is due to the fact that the latter favors the prdaburcof low-mass white
dwarfs. Without considering the results obtained when ttgressions of [18] are
used, it can be noted that it is not possible to evaluate wihitial-final mass rela-
tionship produces a theoretical luminosity function thettér fits the observational
data, since the error bars of the observational data arerdngn the differences
between the theoretical results. In any case, what it catelaglg seen is that all the
theoretical relations predict more massive white dwardstthe observations when
a mass cut of D M, is adopted, except in the case of [18].
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Following a similar procedure we have computed theoretiddte dwarf mass
distributions and compared our results with the recent datained by [3] from
the SDSS — right panel of Fig. 2. Since the accuracy on the metgsminations
decreases considerable when white dwarfs are cooler th@@QLE, both the the-
oretical and the observational mass distributions onlys@ter white dwarfs with
Terr > 12000 K. We have considered the initial-final mass relatiggssof [4], [6],
[18], our semi-empirical relationship and the one derived®. All the white dwarf
distributions have been normalized to the total densityioled in each case. As it
can be noted, there is a well defined peak in all the mass lliohs, the loca-
tion of which is defined mainly by the initial-final mass réteiship considered. On
the contrary, the height of the peak depends also on théniéedf the progenitors.
The central peak is shifted to larger masses when the #iitial mass relationship
considered favors the production of more massive white thafar the low mass
progenitors. This is the case of the semi-empirical inifilahl mass relationship of
[9], our relationship or the theoretical relation of [4].vile compare the theoretical
mass functions with the observational data obtained byrf8hfthe SDSS it can be
noted how the location and height of the central peak is hitstl by the predictions
corresponding to our semi-empirical relationship.
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