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ABSTRACT

Context. The age—metallicity relation (AMR) is a fundamental observational constraint for understanding the chemical evolution of
the Galaxy. As reliable cosmochronometers, white dwarfs in binary systems with main-sequence companions (WD+MS binaries)
provide excellent laboratories to study this relation since both components are expected to be coeval.

Aims. We constructed a sample of widely separated WD+MS binaries using data from the third data release of the Gaia mission in
order to investigate the AMR of the Galactic disk.

Methods. The sample is identified using photometric measurements and parallaxes of both components. White dwarf ages were
derived by interpolating their Gaia absolute G magnitudes and Gaia BP-RP colours within state-of-the-art white dwarf evolutionary
sequences. We compiled publicly available [Fe/H] abundances for the main-sequence companions from the literature and combined
them using different statistical approaches to obtain representative metallicity values for each system.

Results. We derived the AMR from several sub-samples of WD+MS that use independent measurements of [Fe/H] abundances and
consistently find a large dispersion in [Fe/H] at all ages. This behaviour agrees with previous determinations of the AMR based on
WD+MS binaries and on samples of isolated stars.

Conclusions. Our results reinforce the observational evidence that the AMR in the Galactic disk exhibits substantial intrinsic scatter,
likely reflecting the combined effects of multiple mechanisms such as radial migration, inhomogeneous chemical enrichment, and
variations in the star formation history.
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1. Introduction

The relation between stellar ages and chemical abundances pro-
vides a powerful observational constraint on the formation and
evolution of the Milky Way. In particular, the age—metallicity
relation (AMR) of Galactic disk stars encodes information about
the chemical enrichment history of the interstellar medium and
the dynamical and evolutionary processes that have shaped
the Galactic disk (Twarog 1980; Minchev et al. 2013). Early
observational studies of nearby F and G dwarfs revealed that the
AMR in the solar neighbourhood exhibits a large dispersion in
metallicity at a given age, challenging the predictions of simple
models of Galactic chemical evolution (Edvardsson et al. 1993;
Rocha-Pinto et al. 2000; Nordstrom et al. 2004). Subsequent
analyses confirmed that the Galactic disk does not follow a
simple monotonic age—metallicity sequence, suggesting that
processes such as radial migration, variations in star formation
efficiency, and spatially dependent enrichment histories play
an important role in shaping the observed distribution of stellar
ages and chemical abundances (Haywood 2008; Schonrich &
Binney 2009; Frankel et al. 2018).

In recent years, the combination of large spectroscopic sur-
veys with the precise astrometric measurements provided by the
Gaia mission has dramatically improved our ability to explore
the chemo-dynamical structure of the Milky Way. Surveys such
as the Apache Point Observatory Galactic Evolution Exper-
iment (APOGEE; Majewski et al. 2017) and the Large Sky
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Area Multi-Object Fiber Spectroscopic Telescope (LAMOST;
Cui et al. 2012) now provide chemical abundances for hun-
dreds of thousands of stars across large regions of the Galactic
disk, while Gaia parallaxes enable improved determinations of
stellar parameters and ages. These datasets have revealed a com-
plex age—chemical structure in the Galactic disk, with the thin
disk exhibiting a broad metallicity distribution at nearly all ages
and the thick disk following a tighter age—abundance sequence
(Feuillet et al. 2019; Queiroz et al. 2020; Sahlholdt et al. 2022;
Anders et al. 2023). One of the most detailed observational
views of the Galactic AMR was obtained using large sam-
ples of sub-giant stars with precise age estimates, which map
the age—metallicity structure of the disk and its variation with
galactocentric radius (Xiang & Rix 2022).

Despite major progress enabled by large photometric, spec-
troscopic, and astrometric surveys, robust age determinations for
individual field stars remain challenging (Soderblom 2010; Tayar
& Joyce 2025). Model systematics and parameter degenera-
cies can produce uncertainties of several gigayears, even when
population-level trends are well defined (Jgrgensen & Lindegren
2005; Ting & Rix 2019; Curtis et al. 2020).

White dwarfs offer a complementary approach to the deter-
mination of stellar ages. As the final evolutionary stage of the
majority of stars, white dwarfs cool in a predictable manner over
time, making them reliable cosmic chronometers (Garcia-Berro
et al. 1988; Fontaine et al. 2001). Their cooling ages can be
determined from atmospheric parameters and, when combined
with estimates of the progenitor lifetimes inferred from the
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initial-final mass relation, provide robust determinations of the
total ages of stellar systems (Fouesneau et al. 2019; Moss et al.
2022; Heintz et al. 2022). The precision of these measurements
has improved considerably with the advent of Gaia, which
provides accurate parallaxes and photometry for large samples
of white dwarfs.

Binary systems composed of a white dwarf and a main-
sequence companion (WD+MS binaries) constitute particularly
valuable laboratories for studying the AMR. In wide systems that
have evolved without mass transfer, the two stars are expected
to share the same age and initial chemical composition. The
white dwarf therefore provides a reliable age estimate through
cosmochronology, while the metallicity of the system can be
measured from the main-sequence companion. Previous work
demonstrated the potential of this method by deriving the AMR
of the solar neighbourhood using samples of wide WD+MS
binaries identified in spectroscopic surveys (Zhao et al. 2011;
Rebassa-Mansergas et al. 2016, 2021a). These studies found that
the AMR inferred from such binaries is consistent with the large
metallicity dispersion observed in field star samples.

For this work we further exploited the diagnostic power of
WD+MS binaries by compiling publicly available metallicity
determinations of the companions, and thus increased the num-
ber of systems with reliable age and chemical measurements.
By combining precise white dwarf ages with metallicity mea-
surements obtained from these multiple spectroscopic surveys,
we revisited the AMR in the solar neighbourhood from wide
WD+MS binaries.

The paper is organised as follows. In Section2 we describe
the sample of WD+MS binaries analysed in this work. In
Section 3 we present the compilation of metallicities of the main-
sequence companions. In Section4 we derive the ages of the
systems from the white dwarf components. In Section5 we
investigate the resulting AMR. Finally, Section 6 summarises our
main results and conclusions.

2. The WD+MS sample

The WD+MS binary sample considered in this work is an
updated version of the one we provided in Rebassa-Mansergas
et al. (2021a), using the third data release (DR3) of Gaia (Gaia
Collaboration 2023) to search for these pairs. We started with a
list of white dwarf candidates identified by Gentile Fusillo et al.
(2021), and selected those with a probability of being a white
dwarf greater than 50 per cent and a parallax uncertainty better
than 10 per cent. We then searched for main-sequence compan-
ions within 100000 astronomical units of these white dwarfs,
ensuring that the companions had good quality data by applying
standard astrometric and photometric cuts (Gaia Collaboration
2018). The search resulted in the identification of 7249 WD+MS
systems with distances of up to 500 parsec.

For this work we further restricted the sample to 4291
WD+MS with assigned spectral types to their white dwarfs, clas-
sified using artificial intelligence methods (Garcia-Zamora et al.
2023, 2025). In particular, the former works apply a random
forest algorithm to the Gaia BP and RP spectral coefficients
to classify white dwarfs into different types with high accuracy
(=91 per cent for hydrogen-rich DA type white dwarfs; ~75 per
cent for non-DA type white dwarfs). Knowledge of the spectral
type is required since the cooling, hence age, of a white dwarf
depends on its atmospheric properties. The fact that these white
dwarfs have an assigned spectral type from their Gaia spectra
alleviates the risk of using a probability of being a white dwarf

A250, page 2 of 8

as low as 50 per cent from Gentile Fusillo et al. (2019) to select
candidates.

3. Main-sequence [Fe/H] abundances

We searched for available [Fe/H] abundances by matching the
coordinates or Gaia IDs of the main-sequence companions in
our sample of 4291 WD+MS systems across different large-scale
studies, which maximised the number of matches relative to
smaller samples. This came at the cost of methodological het-
erogeneity, as the abundances were derived using approaches
ranging from direct spectroscopy to data-driven or machine-
learning estimates that may not rely on the full observed spectra.
This caveat is accounted for in our derivation of AMR in
Section 5. The large-scale studies considered are the following:

— Ye et al. (2025), who developed a catalogue of atmospheric
parameters for 68 million stars derived from Gaia BP/RP
spectra by fitting synthetic spectra based on stellar atmo-
sphere models. BP/RP fluxes are corrected using relations
involving stellar colour, magnitude, and interstellar extinc-
tion. The claimed [Fe/H] precision oscillates between 0.12
and 0.19 dex. The search resulted in 532 matches.

— Huang et al. (2025), who estimated metallicities for about
100 million stars from synthetic Gaia BP-RP and BP-G
colours derived from corrected Gaia BP/RP spectra. The
precision of the [Fe/H] estimates in this case varies from 0.05
to 0.25 dex. The search resulted in 2 758 matches.

— Das et al. (2025), who derived stellar parameters and abun-
dances for nearly one million objects from their Gaia Radial
Velocity Spectrometer (RVS) spectra. They used The Can-
non (Ness et al. 2015) to transfer stellar parameters and
abundances from the GALactic Archaeology with HERMES
(GALAH; Martell et al. 2017) data release 4 catalogue to the
Gaia spectra. The achieved [Fe/H] precision is, in this case,
0.02-0.1 dex. The search resulted in 104 matches.

— Fallows & Sanders (2024), who provide abundances for
28 million stars applying an Uncertain Neural Network
model trained on APOGEE data to Gaia BP/RP spectra and
selected broadband photometric colours from Gaia, 2MASS,
and WISE. The [Fe/H] precision is ~0.07 dex. The search
resulted in 725 matches.

— Hattori (2025), who estimated stellar metallicities for around
48 million dwarfs and giants situated in low dust-extinction
regions by applying tree-based machine-learning techniques
to Gaia BP/RP spectra, with training based on APOGEE
data release 17 observations. The claimed [Fe/H] precision
is ~0.09 dex. The search resulted in 1769 matches.

— Huang et al. (2022), who derived stellar parameters and
metallicities for around 24 million stars based on SkyMapper
Southern Survey Data Release 2 (SMSS DR2; Onken et al.
2019) and Gaia early data release 3 photometric colours,
using training datasets composed of stars with spectroscopic
parameters from earlier surveys at different spectral resolu-
tions. The precision of the [Fe/H] values is 0.05-0.15 dex.
The search resulted in 284 matches.

As a result of this exercise we ended up with a sample of
2603 WD+MS binaries with at least two [Fe/H] abundances as
reported from the above studies. According to the random forest
classification of Garcia-Zamora et al. (2025), 2070 of the white
dwarfs are hydrogen-rich DAs (~80 per cent), 187 are helium-
rich DBs (=7 per cent), 309 are DCs (no spectral features in their
spectra; ~12 per cent), and the remaining 37 (=1 per cent) belong
to other exotic and less common types. Thus, we restricted our
sample to the analysis of DA systems and excluded the non-DAs,
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which are more prone to being misclassified by the random forest
algorithm, as described by Garcia-Zamora et al. (2025). How-
ever, it should be noted, as we show in Section 5, that not all 2070
WD+MS binaries are suitable for acquiring a reliable AMR.

4. White dwarf ages

We used the same approach as Rebassa-Mansergas et al. (2021b,
2023) to derive the ages of the white dwarfs. We refer to these
works for a full description of the methodology and provide here
a brief summary.

The total age of a given system is calculated by summing
the white dwarf cooling age with the main-sequence progenitor
lifetime. Both parameters are derived by interpolating the white
dwarf Gaia DR 3 absolute G-band magnitudes and the BP-RP
colours in the cooling sequences developed by the La Plata group
for different metallicities (Althaus et al. 2015; Renedo et al.
2010; Camisassa et al. 2016, 2019). The evolutionary sequences
cover the full life cycle of the progenitor stars, from the zero
age main sequence to the white dwarf stage. They therefore self-
consistently incorporate an initial-final mass relation (Miller
Bertolami 2016) in agreement with semi-empirical determina-
tions (e.g. Cataldn et al. 2008; Cummings et al. 2018). The
sequences account for all major energy sources affecting white
dwarf cooling, including the release of latent heat during crys-
tallisation and the gravitational energy associated with phase
separation. It is worth noting that the photometric data were cor-
rected for interstellar extinction using the updated 3D map of
Lallement et al. (2014) before being used to interpolate in the
theoretical sequences. We also adopted a standard Ry = 3.1,
monochromatic extinction law (Fitzpatrick et al. 2019) to scale
the 3D extinction into the three Gaia bands.

5. The age—metallicity relation

In this section we describe how we determined the age—[Fe/H]
relation for our sample using three different methods. Apply-
ing multiple approaches provided a useful consistency check and
allowed us to evaluate how sensitive the inferred relation is to the
adopted methodology. We describe each method and compare
the resulting relations.

5.1. The combined literature sample

A first estimate of the AMR was obtained using the full liter-
ature compilation of metallicity measurements (Section 3). In
other words, for the 2070 systems containing DA white dwarfs
with multiple [Fe/H] determinations available in the literature,
we adopt the weighted mean value, allowing us to maximise
the number of objects while mitigating the impact of individual
measurement uncertainties.
The weighted average of the measurements is

2y wi [Fe/H];
Z?:l w; ’

where n is the number of measurements, w; = 1/0'? is the
weight for each measure (i.e. the inverse variance), and o; is the
precision associated with each value. Although each catalogue
described in Section 3 provides a typical [Fe/H] precision, we
instead adopt a representative precision derived from our sam-
ple. Specifically, for each catalogue we compute the mean of the
quoted uncertainties for the stars from that catalogue that are
included in our sample, and use this value as the precision.

([Fe/H]) = o))

We then define the uncertainty of ([Fe/H]) as the quadratic

2

sum of the internal and external errors: o pe/H)) = .

2
ot o
The external error represents the dispersion among the dif-
ferent measurements, reflecting how much the measured values

vary with respect to the weighted mean. It is defined as

" w; ([Fe/H]; — ([Fe/H]))?
am=\/z“w([e/] ([Fe/HD)> -

(n=1) XL wi

The internal error represents the theoretical precision of the
weighted mean. It is calculated from the uncertainties of the
individual measurements:

f 1
Tint = m 3)

Given that in most cases the number of available measure-
ments 7 is small (2-3), O ([Fe/H]) = Tint-

From the original sample of 2070 WD+MS, we only consid-
ered those with o re/my < 0.2 dex, which reduced the number of
objects to 636. This threshold represents a compromise between
excluding measurements with large uncertainties and maintain-
ing a statistically meaningful sample size. The drastic reduction
of objects (2070 to 636) reflects the different methodologies
for measuring the [Fe/H] abundances of the considered studies,
which yield incompatible values in many cases. Moreover, it is
important to note that for 350 white dwarfs the derived masses
are below 0.53 M. This is the lowest white dwarf mass limit
allowed in the evolutionary sequences described in Section4.
The progenitors of lower-mass white dwarfs do not have time to
evolve out of the main sequence within the age of the Universe.
Hence, these 350 were excluded from our sample since we do not
have a determination of their ages. The origin of such low-mass
white dwarfs in wide binaries will be analysed in a forthcoming
publication.

The resulting AMR for our remaining 286 WD+MS is illus-
trated in the top left panel of Figure 1. The black dots represent
the entire sample; the red dots are a restricted selection for which
the age errors are either below 1.5 Gyr or have relative errors of
less than 30 per cent. We observe a large dispersion of [Fe/H]
abundances around the solar value at all ages. The average metal-
licities per age bin are consistent with ([Fe/H]) ~ O dex, as can
be seen in the bottom left panel of Figure 1.

It is worth noting that most WD+MS binaries, especially
those with more reliable ages, are concentrated towards younger
age bins (<5 Gyr). This is because our sample is magnitude-
limited, thus favouring the identification of brighter, intrinsically
hotter, white dwarfs with shorter cooling ages. Generally, only
those white dwarfs with masses under ~0.6 Mg have associated
ages above 5Gyr, due to their long main-sequence progeni-
tor lifetimes. However, because the main-sequence lifetime is
highly sensitive to the progenitor mass, even small errors in the
masses of low-mass white dwarfs lead to significantly different
main-sequence lifetimes via the initial-to-final mass relation, and
therefore to substantially larger uncertainties in the total ages.

Given that the [Fe/H] abundances used in this work were
obtained from studies that make use of different methodologies
and datasets, we explored an alternative approach to estimating
the AMR via favouring measurements obtained from better-
quality data. Thus, we repeated the above exercise incorporating
a confidence parameter g; to the corresponding weights as
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Fig. 1. Left panels: AMR (top) and average metallicity per age bin (bottom) arising from the full sample of WD+MS with at least two available
[Fe/H] measurements. The red dots indicate ages with relative errors below 30 per cent or absolute errors lower than 1.5 Gyr. Right panels: same,
but applying a higher weight to [Fe/H] values derived from better-quality data (see Section 5.1 for details).

follows:
qi
= —. 4
v o2 “)

2

We adopted g = 1 for the [Fe/H] measurements of Das et al.
(2025) since they are derived from RVS Gaia spectra of resolv-
ing power ~11500. For the [Fe/H] determinations of Ye et al.
(2025), Hattori (2025), and Fallows & Sanders (2024), based
on the analysis of low-resolution Gaia BP/RP spectra, we used
g = 0.7. Finally, we fixed ¢ = 0.4 for the abundances from Huang
et al. (2022) and Huang et al. (2025), which are based on pho-
tometric colours. In this case, the internal error’s definition was
modified to

®)

The resulting AMR and the average metallicities per age
bin are illustrated in the top and bottom right panels of
Figure 1, respectively. It is clear that there are no major differ-
ences between the results obtained from the two approaches. For
completeness, we tried varying the associated g values and found
similar results in all cases.

A comparison between the AMRs obtained in this sec-
tion and those provided by Rebassa-Mansergas et al. (2016,
2021a), which also arise from the analysis of WD+MS binaries,
reveals very similar features, namely a large scatter of [Fe/H]
abundances at any given age.

5.2. The consistency-filtered sample

To assess the impact of potential systematic differences between
literature measurements, we constructed a more conservative
sub-sample by retaining only objects whose [Fe/H] determina-
tions from different studies agree within a specified threshold.
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This procedure was applied iteratively when additional datasets
were included, progressively reducing the sample to objects with
mutually consistent metallicity measurements.

We began by considering the measurements derived from
Gaia photometric colours of Huang et al. (2022) and Huang et al.
(2025), hereafter [Fe/H]; and [Fe/H],, respectively. We obtained
the average metallicities and associated uncertainties in the same
way as described in Section 5.1, without considering the confi-
dence parameter ¢g;. However, we took into account only objects
satisfying the threshold criterion

| [Fe/H]; — [Fe/Ha]|

2 2
\/ T iFerry, T 9 [Fe/Hl,

where o (pe/nj, and o [rem), are the individual measurement
errors. The selection criterion 7 < 1.5 is somewhat arbitrary and
represents a compromise between a more restrictive threshold
(e.g. 7 < 1), which would exclude a substantial fraction of sys-
tems, and a more permissive one (e.g. 7 < 3), which would admit
systems with less robust measurements. For completeness, we
explored these alternative thresholds and found that they do not
significantly affect the results, except the expected variation in
the number of selected systems. Thus, the 7 < 1.5 restriction was
fulfilled by 84 of the 116 WD+MS binaries with common metal-
licities and available ages from both works; the resulting AMR
and average [Fe/H] per age bin are illustrated in the left panels
of Figure 2.

We further restricted the sample by forcing the average
[Fe/H] values obtained above to surpass the same criterion as
defined in Equation (6), but with the measurements from Das
et al. (2025). We recall that these [Fe/H] abundances were
obtained from Gaia RVS spectra and are hence the most reliable
measurements. Only 15 WD+MS were left after this process; the
AMR arising from them is shown in the right panels of Figure 2.

We continued this analysis considering the [Fe/H] abun-
dances obtained from the Gaia BP/RP spectra provided by

< 15, (6)
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Fig. 2. Left panels: same as in Figure 1, but for WD+MS with [Fe/H] abundances from Huang et al. (2022) and Huang et al. (2025) satisfying our
7 < 1.5 threshold criterion. Right panels: restricted sample of WD+MS with [Fe/H] values from Huang et al. (2022), Huang et al. (2025), and Das
et al. (2025) also fulfilling the 7 < 1.5 criterion (see Section 5.2 for details).
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Fig. 3. Left panels: same as in Figure 1, but for WD+MS with [Fe/H] abundances from Ye et al. (2025), Hattori (2025), and Fallows & Sanders
(2024) satistying our 7 < 1.5 threshold criterion. Right panels: restricted sample of WD+MS with [Fe/H] values from Ye et al. (2025), Hattori
(2025), Fallows & Sanders (2024), and Das et al. (2025) also fulfilling the 7 < 1.5 criterion (see Section 5.2 for details).

Ye et al. (2025), Hattori (2025), and Fallows & Sanders (2024).
Of the 115 WD+MS with common metallicities among the three
studies and available ages, 90 have values that satisfy the 7 < 1.5
criterion between Ye et al. (2025) and Hattori (2025), and 89
between the three considered works. The resulting AMR can
be seen in the left panels of Figure3. We further applied the
criterion of Equation (6) to the 89 mean [Fe/H] values, this
time adopting the measurements from Das et al. (2025), thereby

restricting the sample. The AMR resulting from only the ten
WD+MS fulfilling this selection is shown in the right panels of
Figure 3.

For completeness, we also evaluated how many WD+MS ful-
fil the v < 1.5 criterion when considering all six studies (Ye
et al. 2025; Huang et al. 2022, 2025; Das et al. 2025; Fallows
& Sanders 2024; Hattori 2025). Only five objects satisfied the
selection, and consequently we do not show the AMR.

A250, page 5 of 8
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Fig. 4. Same as Figure 1, but for WD+MS with [Fe/H] abundances from
our reference sample (Das et al. 2025).

The results obtained in this section reveal that using a more
conservative sub-sample yields results that are very similar to
those obtained from the full literature compilation (Section 5.1).
For completeness, we show in the Appendix the comparisons
between the [Fe/H] measurements of the considered studies
throughout this section.

5.3. The adopted reference sample

Finally, we derived the AMR using [Fe/H] measurements
adopted exclusively from the most reliable literature source
in our compilation (Das et al. 2025). This approach provides
an independent estimate of the relation that avoids combining
measurements from heterogeneous analyses.

A total of 47 WD+MS binaries in our sample have [Fe/H]
values from Das et al. (2025) and available ages. The AMR can
be seen in Figure 4, and displays the typical scatter of ages found
in the previous sections. Interesting is the apparent overabun-
dance of metal-poor objects with ages between 3.5 and 7 Gyr,
two of which are associated with large uncertainties in their
metallicities and are likely to be unreliable. This feature is likely
due to the low number of objects considered.

6. Summary and conclusions

In this work we have presented the age—metallicity relation,
AMR, in the solar neighbourhood as revealed from different
sub-samples of wide white dwarf plus main-sequence binaries
(WD+MS binaries). The metallicity was traced by the [Fe/H]
abundances of the main-sequence companions, publicly avail-
able from the literature (Ye et al. 2025; Huang et al. 2022, 2025;
Das et al. 2025; Hattori 2025; Fallows & Sanders 2024), whilst
the ages were derived from the Gaia photometry and astrometry
of the white dwarfs.

Independently of the sample used, we find a large scatter
of [Fe/H] at any age, in agreement with our previous work
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dedicated to constrain the relation between age and metallicity
using WD+MS binaries (Rebassa-Mansergas et al. 2016, 2021a).
This is also in line with studies that make use of single stars
(Holmberg et al. 2009; Casagrande et al. 2011; Haywood et al.
2013; Patil et al. 2023; Casamiquela et al. 2024).

It is important to note that, despite the important contri-
bution of WD+MS binaries to this topic, some factors limit
the robustness of the results obtained to date. First, as noted
above, lower-mass white dwarfs originate from progenitors with
longer main-sequence lifetimes. Because the lifetime inferred
from the initial-to-final mass relation (IFMR) is highly sensi-
tive to progenitor mass, even small uncertainties in the masses
of low-mass white dwarfs translate into large variations in the
estimated main-sequence lifetimes, and consequently in the total
ages. As a result, a significant fraction of our age determinations
carry substantial uncertainties, especially at old ages.

Second, the [Fe/H] abundances analysed here are derived
using heterogeneous methodologies and are available for a rel-
atively limited sample. This limitation will be alleviated by the
4-metre Multi-Object Spectroscopic Telescope (4MOST) survey
(de Jong et al. 2022), which is beginning operations in mid 2026
and will target, through its White Dwarf Binary Survey, ~2500
main-sequence companions to white dwarfs in common proper-
motion pairs, as well as several thousand WD+MS systems in
close orbits (Toloza et al. 2023). The substantially larger sample
size, together with the homogeneous nature of the observations
and analysis, will enable a more robust and detailed investigation
of the AMR.

Finally, there is still no consensus on the observational
properties of the IFMR (Cummings et al. 2018; Marigo
et al. 2020; Cunningham et al. 2024; Troni et al. 2025). The
inferred main-sequence lifetimes of progenitors depend sen-
sitively on the adopted IFMR, which can vary significantly
(Rebassa-Mansergas et al. 2016). Wide binaries with inde-
pendently determined ages for the non-degenerate companions
can help constrain the IFMR (Cataldn et al. 2008; Barrientos
& Chanamé 2021); however, robust constraints require large
samples of WD+MS binaries hosting relatively massive white
dwarfs (~0.7 M). Such objects have short progenitor lifetimes
(Camisassa et al. 2016, 2019), allowing the total system age to
be well approximated by the white dwarf cooling age, which is
more reliable and largely independent of metallicity. However,
massive white dwarfs are both intrinsically rare and faint, owing
to their small radii and rapid cooling. As a result, they represent
only a small fraction of white dwarfs and WD+MS binaries in
volume-limited samples (McCleery et al. 2020; Jiménez-Esteban
et al. 2023; Kilic et al. 2025), and are also more difficult to detect
in magnitude-limited surveys (Rebassa-Mansergas et al. 2015;
Torres et al. 2023). Even within 4MOST, only a small fraction
(=10 per cent) of WD+MS binaries are expected to host mas-
sive white dwarfs. In this context, the Legacy Survey of Space
and Time (LSST) at the Vera C. Rubin Observatory (Ivezi¢ et al.
2019) will play a key role by enabling the identification of this
elusive population (Rebassa-Mansergas et al. 2025).
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Appendix A: [Fe/H] abundance comparison

We provide in this Appendix figures displaying the comparison
between the [Fe/H] values measured from the different studies
considered in this work, as detailed in Section5.2. Figure A.1
compares the values obtained by Huang et al. (2022), Huang
et al. (2025) and Das et al. (2025). Figure A.2 compares the
values obtained by Ye et al. (2025), Fallows & Sanders (2024),
Hattori (2025) and Das et al. (2025).
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Fig. A.1. Top panel: Comparison between the [Fe/H] measurements of
Huang et al. (2022) and Huang et al. (2025). The red dots fulfil the
7 < 1.5 condition. Bottom panel: Comparison between average [Fe/H]
values from Huang et al. (2022) and Huang et al. (2025) fulfilling the
7 < 1.5 condition vs the determinations of Das et al. (2025). The red
solid dots again represent cases satisfying 7 < 1.5.
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