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Abstract

The initial-final mass relationship connects the mass of a white dwarf with the
mass of its progenitor in the main-sequence. Although this function is of fundamen-
tal importance to several fields in modern astrophysics, it is not well constrained
either from the theoretical or the observational points of view. In this contribution
we revise the present semi-empirical initial-final mass relationship by re-evaluating
the available data. The distribution obtained from grouping all our results presents a
considerable dispersion, which is larger than the uncertainties. We have carried out
a weighted least-squares linear fit of these data and a careful analysis to give some
clues on the dependence of this relationship on metallicity. Finally, we have also
performed a test of the initial-final mass relationship by studying its effect on the
luminosity function and on the mass distribution of white dwarfs.

1 Introduction

The initial-final mass relationship of white dwarfs is of paramount importance for
several aspects of modern astrophysiscs such as the determination of the ages of
globular clusters and their distances, the study of the chemical evolution of galax-
ies, and also to understand the properties of the Galactic population of white dwarfs.
However, we still do not have an accurate measurement of thisrelationship and, con-
sequently, more efforts are needed from both the theoretical and the observational
perspectives to improve it.
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The first attempt to empirically map this relationship was carried out by [14],
who provided also a recent revision ([15]). Although many improvements have been
achieved in these 30 years, the dependence of this function on different parameters
is still not clear (e.g. metallicity, magnetic field, angular momentum). On the other
hand, numerous works have dealt with the calculation of a theoretical initial-final
mass relationship, see [4, 12], but the differences in theirevolutionary codes, such
as the treatment of convection, the value of the assumed critical mass or the mass
loss prescriptions used lead to very different results.

From an observational perspective, most efforts up to now have focused on the
observation of white dwarfs in open clusters, since this allows to infer the total age
and the original metallicity of white dwarfs belonging to the cluster ([16, 8]). Open
clusters have made possible the derivation of a semi-empirical initial-final mass re-
lationship using more than 50 white dwarfs, although only covering the initial mass
range between 2.5 and 7.0 M⊙ because stellar clusters are relatively young and,
hence, the white dwarf progenitors in these clusters are generally massive. Never-
theless, the recent study of [9] (based in old open clusters)and [1] (based in common
proper motion pairs) have extended this mass range to smaller masses.

2 Direct test

2.1 Data used for the analysis

We have carried out a re-analysis of the available data currently used to define
the semi-empirical initial-final mass relationship, whichis mainly based on white
dwarfs in open clusters. We have used the white dwarf atmospheric parameters (Teff

and logg) derived by other authors, as well as the ages and metallicities of the clus-
ters reported in the literature (see [2]). To obtain the finaland initial masses we
followed the procedure described in [1]. This procedure consists in deriving the
final mass (Mf) and the cooling time of each white dwarf from the atmospheric pa-
rameters and the cooling sequences of [13]. These cooling tracks consider a carbon-
oxygen (CO) core white dwarf (with a larger abundance of O at the centre of the
core) with a H thick envelope ontop of a He buffer,q(H) = MH/M = 10−4 and
q(He) = MHe/M = 10−2. Since we know the total ages of these white dwarfs (from
the age of the cluster) we derived the main-sequence lifetimes of the progenitors,
and from these, their initial masses using the stellar tracks of [4]. In the case of the
common proper motion pairs, the procedure that we followed to derive the final and
initial masses of the white dwarfs is explained in detail in [1].

In Fig. 1 we present the final masses versus the initial massesobtained for white
dwarfs in common proper motion pairs and open clusters. The observational data
that can be used to define the semi-empirical initial-final mass relationship con-
tains now 62 white dwarfs. It is important to emphasize that all the values below
2.5 M⊙ correspond to our data obtained from common proper motion pairs and 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 data forthese small masses
were available, since white dwarfs in stellar clusters are usually more massive, es-
pecially if the clusters are young. The coverage of the low-mass end of the initial-
final mass relationship is specially important since it guarantees, according to the
theory of stellar evolution, the study of white dwarfs with masses near the typi-
cal values,M ∼ 0.57M⊙, which represent about 90 per cent of the white dwarf
population ([10]). Thus, these new data increase the statistical significance of the
semi-empirical initial-final mass relationship.

A first inspection of Fig. 1 reveals that there is a clear dependence of the white
dwarf masses on the masses of their progenitors. In Fig. 1, wehave also plotted the
theoretical initial-final mass relationship of [4] for solar composition to be consis-
tent with the stellar tracks used to derive the initial masses. Although the distribution
presents a large dispersion, a comparison of the observational data with these the-
oretical relationships shows that they share the same trend. However, it should be
noted that for each cluster the data presents an intrinsic spread in mass. The dis-
persion varies from cluster to cluster, but it is particularly noticeable for the case of
M37. Nevertheless, it should be taken into account as well that the 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, 9],we assume that the
initial-final mass relationship can be described as a linearfunction. As can be seen
in Fig. 1 the theoretical initial-final mass relationship (dotted line) can be divided in
two different linear functions, each one above and below 2.7M⊙, with a shallower
slope for small masses probably due to the smaller efficiencyof mass loss. Taking
this into account we have performed a weighted least-squares linear fit for each
region, obtaining

Mf = (0.096±0.005)Mi +(0.429±0.015) (1)

for Mi < 2.7 M⊙, whereas forMi > 2.7 M⊙ we obtain:

Mf = (0.137±0.007)Mi +(0.318±0.018) (2)

where the errors are the standard deviation of the coefficients.
These expressions have been overplotted in Fig. 1 as two solid lines. Taking into

account the scatter of the data and the values of the reducedχ2 of these fits (7.1
and 4.4, respectively) we consider that the errors associated to the coefficients are
underestimated. A more realistic error can be obtained computing the dispersion of
the derived final masses, which is of 0.05 M⊙ and 0.12 M⊙ respectively. These are
the errors that should be associated to the final mass when using the expressions
derived here — Eqs. (1) and (2), respectively. In past works,since there was not
available data in the region of low-mass white dwarfs, a least-squares linear fit led
to an unconstrained result, see [5]. For this reason, a ficticious anchor point at low
masses was used to represent the typical white dwarf mass,Mf ∼ 0.57M⊙ according
to [10]. In our case, this is not necessary since we are now reproducing this well-
established peak of the field white dwarf mass distribution thanks to the new data in
the low-mass region ([9, 1]).

The sample of white dwarfs studied here covers a range of metallicities from
Z = 0.006 to 0.040. From a theoretical point of view it is well established that
progenitors with large metallicity produce less massive white dwarfs — see [4].
Thus, one should expect to see a dependence of the semi-empirical data on metal-
licity. We have performed a quantitative study of the correlation between the final
masses and metallicity. We have computed the differences between the observed fi-
nal masses and the final masses obtained using Eqs. (1) and (2). In order to quantify
this correlation we have calculated the Spearman rank correlation coefficient obtain-
ing−0.002±0.128. The error has been derived from a bootstrapping. Thus, we can
conclude that the final masses and metallicities of this sample are not correlated,
and that the scatter in the distribution in Fig. 1 is not due tothe effect of metallicity.
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Fig. 2 Left: White dwarf luminosity functions versus visual magnitude using different initial-final
mass relationships. Right: Mass distributions for WDs withTeff ≥ 12000 K considering different
evolutive stellar models and initial-final mass relationships.

3 Indirect test

We have computed a set of white dwarf luminosity functions considering an age of
11 Gyr for the Galactic disc and using bins of visual magnitude. In Fig. 2 (left) we
show from top to bottom the total luminosity function and theluminosity functions
of white dwarfs with masses larger than 0.7 M⊙ and 1.0 M⊙, respectively. The total
luminosity function (that is, considering the whole range of masses) was normal-
ized to the bin corresponding toMV = 11, and then, this normalization factor was
used for the luminosity functions of white dwarfs more massive than 0.7 M⊙ and
1.0 M⊙. In this case, we have used the stellar evolutionary inputs of [4] (D99), [12]
(M01), [18] (W92) and the semi-empirical initial-final massrelationship that we
have derived in the previous section. Circles, triangles and squares correspond to
the observational data of [11]. Comparing the different theoretical luminosity func-
tions, it can be noted that the predicted number of massive white dwarfs is larger
when using the inputs of [4], [12] and our semi-empirical initial-final mass relation-
ship in comparison with the results obtained when considering the expressions of
[18]. This is due to the fact that the latter favors the production of low-mass white
dwarfs. Without considering the results obtained when the expressions of [18] are
used, it can be noted that it is not possible to evaluate whichinitial-final mass rela-
tionship produces a theoretical luminosity function that better fits the observational
data, since the error bars of the observational data are larger than the differences
between the theoretical results. In any case, what it can be clearly seen is that all the
theoretical relations predict more massive white dwarfs than the observations when
a mass cut of 1.0 M⊙ is adopted, except in the case of [18].
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Following a similar procedure we have computed theoreticalwhite dwarf mass
distributions and compared our results with the recent dataobtained by [3] from
the SDSS — right panel of Fig. 2. Since the accuracy on the massdeterminations
decreases considerable when white dwarfs are cooler than 12000 K, both the the-
oretical and the observational mass distributions only consider white dwarfs with
Teff ≥ 12000 K. We have considered the initial-final mass relationships of [4], [6],
[18], our semi-empirical relationship and the one derived by [9]. All the white dwarf
distributions have been normalized to the total density obtained in each case. As it
can be noted, there is a well defined peak in all the mass distributions, the loca-
tion of which is defined mainly by the initial-final mass relationship considered. On
the contrary, the height of the peak depends also on the lifetime of the progenitors.
The central peak is shifted to larger masses when the initial-final mass relationship
considered favors the production of more massive white dwarfs for the low mass
progenitors. This is the case of the semi-empirical initial-final mass relationship of
[9], our relationship or the theoretical relation of [4]. Ifwe compare the theoretical
mass functions with the observational data obtained by [3] from the SDSS it can be
noted how the location and height of the central peak is best fitted by the predictions
corresponding to our semi-empirical relationship.
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