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ABSTRACT

Recent observations of volume-limited samples of magnetic white dwarfs (WD) have revealed a higher incidence of magnetism in
older stars. Specifically, these studies indicate that magnetism is more prevalent in WDs with fully or partially crystallized cores than
in those with entirely liquid cores. This has led to the recognition of a crystallization-driven dynamo as an important mechanism for
explaining magnetism in isolated WDs. However, recent simulations have challenged the capability of this mechanism to generate
surface magnetic fields with the typical strengths detected in WDs. In this Letter, we explore an alternative hypothesis for the surface
emergence of magnetic fields in isolated WDs. Those with masses &0.55 M� are the descendants of main sequence stars with convec-
tive cores capable of generating strong dynamo magnetic fields. This idea is supported by asteroseismic evidence of strong magnetic
fields buried within the interiors of red giant branch stars. Assuming that these fields are disrupted by subsequent convective zones,
we estimated magnetic breakout times for WDs with carbon-oxygen (CO) cores and masses ranging from 0.57 M� to 1.3 M�. Due to
the significant uncertainties in breakout times stemming from the treatment of convective boundaries and mass-loss rates, we cannot
provide a precise prediction for the emergence time of the main sequence dynamo field. However, we can predict that this emergence
should occur during the WD phase for those objects with masses &0.65 M�. We also find that the magnetic breakout is expected to
occur earlier in more massive WDs, which is consistent with observations of volume-limited samples and the well-established fact that
magnetic WDs tend to be more massive than non-magnetic ones. Moreover, within the uncertainties of stellar evolutionary models,
we find that the emergence of main sequence dynamo magnetic fields can account for a significant portion of the magnetic WDs.
Additionally, we estimated magnetic breakout times due to crystallization-driven dynamos in CO WDs; our results suggest that this
mechanism cannot explain the majority of magnetic WDs.
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1. Introduction

White dwarf (WD) stars are the most common end point of
stellar evolution, as all main sequence stars with masses lower
than 9−12 M� will eventually become WDs. Therefore, the WD
population is considered a powerful tool for investigating a
wide variety of astrophysical problems, from the formation and
evolution of our Galaxy to the ultimate fate of planetary sys-
tems (see Althaus et al. 2010, for a review). In particular, WDs
contain valuable information about the evolution of their pro-
genitor stars, and can be used to constrain nuclear reaction
rates (De Gerónimo et al. 2019), the initial-to-final-mass rela-
tion (Catalán et al. 2008; Cummings et al. 2018), and the occur-
rence of third dredge-up episodes in the asymptotic giant branch
(AGB) (Althaus et al. 2015), among others.

The presence of magnetic fields on the surface of WDs
has been known for more than 50 years (Kemp et al. 1970;
Angel & Landstreet 1970), and yet its origin is still not well
understood (see Ferrario et al. 2015, for a review). Several expla-
? Corresponding author; camisassam@gmail.com

nations have been proposed, involving both single evolution
and binary interactions. One possibility is that WDs inherit a
magnetic field from their formation history, and this is indeed
consistent with the magnetic fields observed on the surface
of peculiar Ap and Bp stars. More recently, it has been pro-
posed that the mixing instability induced by WD crystalliza-
tion in fast-rotating WDs can generate a dynamo magnetic field
(Isern et al. 2017). Other explanations involve close binary inter-
actions: the magnetic field can be generated either during a
merger episode (García-Berro et al. 2012) or in a dynamo act-
ing during a post-common-envelope phase (Tout et al. 2008).
Although there are more than 600 magnetic WDs reported in the
literature (Ferrario et al. 2020), an important step forward in the
interpretation of the origin of WD magnetism comes from the
recent determination of a 20pc volume-limited sample of mag-
netic WDs (Bagnulo & Landstreet 2021; Kawka et al. 2007).
These authors checked each of the WDs within 20 pc from
the Sun individually for the presence of magnetic fields, thus
eliminating the observational biases of the previous magnitude-
limited samples of magnetic WDs. Based on their analysis,
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Bagnulo & Landstreet (2021) conclude that the occurrence of
magnetism is significantly higher in WDs that have undergone
the process of core crystallization than in WDs with fully liq-
uid cores. Bagnulo & Landstreet (2022) expanded the volume-
limited sample to 40 pc, although only including WDs younger
than 0.6 Gyr, reconfirming their results. In summary, the inci-
dence of magnetism in young (non-crystallized) WDs is ∼10%,
whereas this number raises to ∼30% for old (crystallized)
WDs. Bagnulo & Landstreet (2021, 2022) interpreted that this
increase could be due to a crystallization-driven dynamo, but
it could also be an internal field produced in an earlier evo-
lutionary stage that gradually relaxes to the surface from the
interior.

Authors have recently explored the possibility that the con-
vective motions induced by crystallization in the overlying
liquid mantle are efficient enough to explain the high inten-
sity of the observed magnetic fields on the surface of WDs,
which range from 103 to 109 Gauss (Camisassa et al. 2022a;
Ginzburg et al. 2022; Montgomery & Dunlap 2024). Among
these studies, Castro-Tapia et al. (2024a) and Fuentes et al.
(2023, 2024) showed that efficient convection could only take
place at the onset of crystallization, and that thermohaline con-
vection takes place during most of the crystallization process,
thus demonstrating that only the dynamos driven at the onset
of crystallization could account for the high-intensity mag-
netic fields detected in WDs. Additionally, recent works by
Blatman & Ginzburg (2024a,b) showed that, due to the large
electrical conductivity in the WD interior (and consequently
the small magnetic diffusivity), even if the crystallization-driven
dynamos are able to account for the intensity of the observed
magnetic field, this field cannot emerge to the surface immedi-
ately, taking from ∼1 to ∼7 Gyr to do so.

In the present paper, we study a different mechanism able to
account for the origin of magnetism in WDs and compare it with
the crystallization-driven dynamo hypothesis. Main sequence
stars with masses &1.1 M� burn hydrogen through the CNO
cycle, thus developing convective cores, in which a magnetic
dynamo is expected to take place. WDs more massive than
∼0.55 M� are the descendants of these main sequence stars with
convective cores. In the last decade, Fuller et al. (2015) pro-
posed that the presence of strong magnetic fields in the core of
red giant stars can alter the propagation of the gravity waves,
decreasing the mode visibility in a phenomenon known as the
“magnetic greenhouse effect”. Based on this effect, asteroseis-
mology has proven the existence of very strong magnetic fields
(B & 105 G) trapped in the interior of many red giant branch
stars that are not detectable at their surfaces (Li et al. 2023, 2022;
Deheuvels et al. 2023). Indeed, Stello et al. (2016) studied the
strength of dipolar oscillation modes in low- and intermediate-
mass red giant stars, finding that strong core fields only occur
in red giants more massive than 1.1 M�. Also, these authors
found that the occurrence rate is at least 50% for stars with
masses from 1.6 to 2.0 M�, indicating that powerful dynamos
should take place in the H-burning convective cores of main
sequence stars. Cantiello et al. (2016) and Bagnulo & Landstreet
(2022) proposed that this magnetic field generated during the
main sequence convective core dynamo can survive the entire
evolutionary path into the WD phase. In this Letter, we exam-
ine this possibility by estimating the breakout time in which
this field, initially trapped in the stellar interior, should reach
the stellar surface during the WD phase. Then, we compare
those estimations with predictions for the emergence timescale
of crystallization-driven dynamos and with the volume-limited
sample of magnetic WDs of Bagnulo & Landstreet (2022).
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Fig. 1. Kippenhahn diagram of a 4.0 M� star with Z = 0.02 from
the main sequence to the end of the thermally pulsing AGB from
Miller Bertolami (2016). The hatched green and blue areas indicate the
central and outer convective zones, respectively. The orange and purple
lines indicate the outer limits of the H- and He-depleted regions, respec-
tively. The pink shaded area is the region where the magnetic fields are
expected to be buried. The intershell convective zones driven by the
thermal pulses on the AGB are not visible in this plot. The final WD
mass of this model is 0.83 M�.

2. Methods

2.1. Main sequence dynamo hypothesis

Assuming an initial-to-final-mass relation (e.g., Catalán et al.
2008; Cummings et al. 2018), the progenitors of WDs more
massive than ∼0.55 M� are main sequence stars with masses
&1.1 M� that harbor convective cores during their main
sequence phase that could sustain dynamo magnetic fields (see
Käpylä et al. 2023). The strength of the generated magnetic
fields is predicted to be in the range of 104−106 G by numerical
magnetohydrodynamic (MHD) simulations (Brun et al. 2005;
Featherstone et al. 2009; Hidalgo et al. 2024) and by estimations
assuming equipartition between the magnetic energy density and
the kinetic energy density (Cantiello et al. 2016). Furthermore,
the MHD simulations of Augustson et al. (2016) show that the
field strength can be larger than 106 G in the convective cores of
10 M� B-type stars. Assuming magnetic flux conservation, these
values are compatible with the lower limits obtained for mag-
netic field strengths in the cores of red giant branch stars and in
the surface of WD stars (Cantiello et al. 2016; Stello et al. 2016).

In Fig. 1 we plot a Kippenhahn diagram from the main
sequence to the planetary nebula phase of a 4.0 M� star with
Z = 0.02 taken from Miller Bertolami (2016), where the final
WD mass is 0.83 M�. The green hatched area is the extension
of the convective core, first during central H burning (left panel)
and later during the central helium burning (right panel). The
hatched blue area shows the location of the outer convective
zone. The deepest penetrations of the outer convective zone cor-
respond to the first and second dredge up, respectively. The
pulse-driven (or intershell) convective zones, which are short
lived and driven by the He shell flashes during the thermally
pulsing AGB, are not visible in this plot due to their short
timescales. The boundaries of convective regions were set by the
Schwarzschild criterion allowing for turbulent mixing beyond
these boundaries (see Miller Bertolami 2016, for details on the
overshooting treatment).

In the present paper, we assume a magnetic field generated
by dynamo action during the central H-burning phase. Because
the Ohmic diffusion timescales during the main sequence and
red giant phases are too long (Cantiello et al. 2016), magnetic
fields present in the stellar core at the main sequence are frozen
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in their Lagrangian mass coordinate. This means that, during the
main sequence (left panel), the magnetic field is confined to the
pink shaded area, which denotes the maximum extension of the
central convective zone. This assumption is probably not valid in
areas of the star that become convective after the main sequence
phase. Indeed, if the convective energy density, εcon, exceeds the
magnetic energy density, εmag, convection can distort the preex-
isting field into an unstable configuration. Conversely, if εcon <
εmag, the magnetic field can remain unchanged. We stress that
whether convection can disrupt preexisting stable magnetic field
configurations remains uncertain (see Cantiello et al. 2016, for a
thorough analysis). In the present work, we simply assume that
the magnetic field vanishes in the regions where the outer con-
vective zone has penetrated. Therefore, the outer boundary of the
magnetized region, which we refer to as the magnetic boundary
(MB), is dictated by the maximum extent of the outer convective
region, which can occur either during the first dredge-up or sec-
ond dredge-up (in those stars in which a second dredge-up takes
place). Nevertheless, in stars with masses lower than ∼2 M�, the
outer convective zone does not reach the mass coordinates where
the magnetic field was present and, for these stars, the MB is
determined by the maximum extent of the main sequence con-
vective core. Also, in these stars, vigorous convection is devel-
oped in the core during core He flashes, which will likely affect
the magnetic field configuration. Furthermore, in such stars, the
convective core is larger during central He burning than it is dur-
ing central H burning, and the magnetic breakout times that we
obtain for the WD descendants of these stars are larger than the
Hubble timescale. Based on this information, we consider that
in stars with initial masses lower than ∼2 M�, it is unlikely that
the field can survive the entire evolution and emerge in the WD
phase. Finally, we have ignored the fact that the pulse-driven
convective zones can alter the field configuration. However, we
do not expect this choice to alter our main results, as in those
WDs where the magnetic field can emerge to the surface within
the Hubble timescale, the pulse-driven convective regions are
above the assumed magnetic field boundary.

In Fig. 2 we plot the boundary of the magnetized regions
(i.e., the MB) that we obtained while considering different stel-
lar evolutionary models, that is, the final outer boundary of the
pink region in Fig. 1. The x-axis is the WD mass, and the y-
axis corresponds to the logarithm of 1 minus the mass coordinate
at the MB normalized to the WD mass, which, in other words,
is the logarithm of the mass that the magnetic field has to dif-
fuse through in order to reach the WD surface. It is important to
stress that these values depend on the treatment of the convective
boundaries and on the mass-loss rates considered by each model.
However, all sets of models predict that the MB is closer to the
surface for more massive WDs. As the different stellar evolu-
tionary codes and the different physical inputs predict different
values of the mass coordinate at the MB, we employed a cubic
prescription to fit log(1 − MMB/MWD) in terms of the WD mass
(black solid line). We allow a deviation of ±0.30 dex from the
cubic fit (black dotted lines), which encompasses all the theoret-
ical predictions from the different stellar evolutionary codes.

2.2. Crystallization-driven dynamo hypothesis

For the WD crystallization-driven dynamos, we consider the MB
to be the outer boundary of the Rayleigh-Taylor unstable region
induced by crystallization, as is done in Blatman & Ginzburg
(2024a). We employed the stellar evolutionary code LPCODE (see
Althaus et al. 2005, for details) to calculate the WD evolutionary
models, employing the phase diagram of Horowitz et al. (2010)
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Fig. 2. Logarithm of the outer mass fraction from the boundary where
the magnetic field is expected to be trapped, i.e., the MB, in terms
of WD mass. We plot the theoretical predictions for CO WDs from
Miller Bertolami (2016) and Dominguez et al. (1999), and the Full-
Network Repository of Updated Isotopic Tables & Yields (FRUITY)
database (Cristallo et al. 2015), and those for oxygen-neon (ONe) WDs
from Siess (2010) and Limongi et al. (2024). These models consider
different metallicities spreading around the solar value. A cubic poly-
nomial fit to the data with MWD > 0.575 M� is shown with a solid black
line. A deviation of ±0.30 from the cubic fit is shown using dotted black
lines, which comprises all models considered in this work.

to model CO crystallization. The outer boundary of the convec-
tive region is determined by imposing a positive carbon abun-
dance gradient in the star, ∇X = d ln X/d ln P ≥ 0 (where, X
is the C abundance and P is the pressure; see Camisassa et al.
2022a,b, 2019, for details). We note that the mass coordinate at
the MB for the crystallization dynamo moves outward as evo-
lution proceeds and the crystallized core grows in mass, unlike
the MB for the main sequence dynamo, which stays in the same
mass coordinate throughout the entire WD phase.

2.3. Magnetic diffusion and magnetic breakout times

In order to obtain the magnetic breakout time (tbr), we first esti-
mate the diffusion time (tdiff) that the magnetic field takes to
diffuse from the MB to the WD surface using (Cantiello et al.
2016):

tdiff =

∫ RWD

rMB

d(r − rMB)2

η(r)
=

∫ RWD

rMB

2(r − rMB)dr
η(r)

, (1)

where rMB is the radius that corresponds to the MB, RWD is the
WD radius, and η(r) is the magnetic diffusivity. Here, η(r) =
c2/(4πσ(r)), where σ(r) is the electrical conductivity, which
was obtained using Eq. (1) from Cumming (2002) for the fully
degenerate regime, the Spitzer formula for the non-degenerate
regime (Spitzer 1962, Eq. (19) in Cumming 2002), and an inter-
polation in between those regimes (i.e., when 0.1T f < T < 10T f ,
where T f is the Fermi temperature). We note that tdiff is different
at each time step, because σ(r) and rMB vary with time. We cal-
culated WD evolutionary models using LPCODE, obtaining σ(r),
rMB, and tdiff at each time step. Once tdiff is calculated for each
WD cooling time, tcool, we find tbr by calculating the earliest tbr
when the equation

tbr = tcool + tdiff(tcool) (2)

is satisfied.
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3. Results

In Fig. 3 we overlay the estimated magnetic field breakout times
onto the distribution of WD masses versus cooling ages for
the sample of magnetic WDs of Bagnulo & Landstreet (2021,
2022). Our theoretical prediction for the magnetic field emer-
gence for crystallization-driven dynamos in CO-core WDs (blue
line) is in agreement with the results of Blatman & Ginzburg
(2024a). We find that most of the magnetic WDs in this volume-
limited sample cannot be explained by the crystallization-driven
dynamo hypothesis, because they lie on the left of the mag-
netic field emergence line (blue line). Even if the crystallization-
driven dynamo can sustain a strong magnetic field, this field will
be trapped in the WD interior for a very long period of time,
ranging from ∼1 Gyr in our most massive model (1.29 M�) to
∼7.3 Gyr in our least massive model (0.53 M�). On the con-
trary, if the main sequence dynamo magnetic field can survive
trapped in the stellar interior all the way to the white phase, it
can emerge to the surface, and account for many of the magnetic
WDs in this sample. Depending on the parametrization of the
MB considered, the magnetic field emergence should occur on
a timescale longer than the Hubble time for WDs with masses
.0.6 M�. If we consider our fit for the MB, allowing a devi-
ation of ±0.30 dex, the main sequence dynamo magnetic field
emerges in the shaded area of Fig. 3, accounting for most of the
magnetic WDs in the sample. Nevertheless, the main sequence
dynamo hypothesis cannot explain magnetic fields in WDs with
masses .0.55 M�, because the main sequence progenitors of the-
ses stars should have a radiative core. However, this hypothesis
can explain the fact that magnetic field emergence occurs ear-
lier in more massive WDs, because the MB is closer to the WD
surface in these stars, regardless of the set of stellar models con-
sidered (see Fig. 2). It is important to recall that the location of
the MB for the main sequence dynamo hypothesis is subject to
very large uncertainties in the modeling, as it depends on the
treatment of convective boundaries, the mass-loss rates, and the
initial-to-final-mass relation. Therefore, we cannot obtain a pre-
cise prediction of the time for the main-sequence-dynamo field
emergence, but we can say that it would take place within the
WD phase for masses &0.65 M�, and that it should occur earlier
for more massive WDs. This hypothesis can explain the well-
known fact that magnetic WDs are in general more massive than
non-magnetic WDs (Ferrario et al. 2020; Kawka 2020).

The radius (normalized to the WD radius) at the MB and the
magnetic diffusion times as a function of the WD cooling age
are shown in the upper and lower panels of Fig. 4, respectively.
The breakout time and the crystallization onset are marked using
empty and filled circles, respectively. Although the normalized
radius at the MB stays almost constant during the WD phase
for the main sequence dynamo hypothesis, it increases drasti-
cally with cooling time for the crystallization-driven dynamo
hypothesis. This is because the outer convective boundary of the
Rayleigh-Taylor unstable region moves outward as the crystal-
lized core grows. This boundary may also be subject to uncer-
tainties in the chemical profile at the beginning of the WD phase
(see Blatman & Ginzburg 2024a, for a through discussion). For
the crystallization-driven dynamo hypothesis, we find diffusion
times compatible with those of Blatman & Ginzburg (2024a);
although the breakout times we obtain are larger because these
authors consider that the field starts to diffuse at the crystal-
lization onset and we consider a time-dependent calculation. In
both our 0.66 and 0.83 M� models, we obtain that the magnetic
field breakout takes place earlier in the evolution when consid-
ering the main sequence dynamo hypothesis than if we con-
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sider the crystallization-driven dynamo hypothesis. We stress
that the breakout timescale for crystallization-driven dynamos
could be significantly longer than calculated here. As discussed
by Fuentes et al. (2024), if crystallization is responsible for the
strong magnetic fields observed in WDs, the dynamo must ini-
tiate at the onset of crystallization. However, due to the lack of
detailed models for transport processes in 1D evolution codes,
the extent of the convection zone is uncertain. The outer bound-
ary of the convective region at the beginning of crystallization
could lie anywhere between ∼0.1RWD and ∼0.5RWD, depending
on how convective mixing is implemented in the code (the lower
limit assumes that mixing occurs according to the Ledoux cri-
terion, whereas the upper limit assumes mixing whenever the
composition gradient is unstable). In the worst-case scenario
(Ledoux), the diffusion time for the magnetic field to travel
from the outer boundary of the convective region to the WD
surface would be much larger than the age of the Universe;
in the best-case scenario, it would be of the order of 12 Gyr.
Nevertheless, strong magnetic fields can significantly enhance
compositional mixing in thermohaline convection (see, e.g.,
Harrington & Garaud 2019; Fraser et al. 2024). This enhanced
mixing could, in principle, push the outer boundary of the con-
vective region closer to the WD surface, shortening the timescale
for magnetic field emergence.

4. Conclusions

White dwarfs with masses greater than ∼0.55 M� should have
had convective cores in their main sequence progenitor life that
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Fig. 4. Upper panel: Radius at the MB normalized to the WD radius
for our 0.66 and 0.83 M� CO WD models. For the crystallization-
driven dynamo models (solid lines), this radius is the outer boundary
of the Rayleigh-Taylor unstable region induced by crystallization. For
the main sequence dynamo models (dashed lines), this radius corre-
sponds to the mass coordinate reached when the deepest penetration of
the outer convective zone occurs in the WD progenitor evolution, either
during the first or second dredge up. The filled circle indicates the crys-
tallization onset in our models, and the empty circle indicates the time
when the magnetic field breaks out to the WD surface. Lower panel:
Magnetic diffusion time (tdiff) calculated using Eq. (1) for our 0.66 and
0.83 M� WD models.

can drive dynamo magnetic fields. This idea is supported by
MHD simulations of convection in main sequence stars and by
the strong magnetic fields inferred by asteroseismology in red
giant branch stars. Although subsequent convective regions can
disrupt this magnetic field, we have estimated that this field may
survive trapped in the stellar interior all the way to the WD
phase for stars with initial masses MZAMS & 2 M�. We have esti-
mated the mass coordinate at which the magnetic field is sup-
posed to be buried in WD stars, despite the large uncertainties
in this boundary predicted by the different stellar evolutionary
codes and different physical inputs. We have calculated the time
needed for the magnetic field to diffuse from this boundary, MB,
to the WD surface, finding the breakout times, tbr, in which this
field should emerge for CO-core WDs with masses in the range
of 0.58−1.29 M�. For comparison, we have calculated diffusion
times and breakout times for the crystallization-driven magnetic
fields of CO-core WDs in the mass range of 0.53−1.29 M�. It
is important to note that WDs with masses &1.05 M� should

have ONe cores, as predicted by the stellar evolutionary models
of super AGB stars that we employed to obtain the MB (Siess
2010; Limongi et al. 2024). However, a non-negligible fraction
of WDs with masses &1.05 M� formed in single stellar evolu-
tion could have CO cores (Althaus et al. 2021), thus support-
ing our assumption of a CO-core for all WDs considered in this
exploratory work. We defer the calculations for ONe WDs to a
future work.

In agreement with previous results (Castro-Tapia et al.
2024b), we find that, even if the crystallization-induced mix-
ing can sustain a strong dynamo magnetic field, this hypothesis
cannot explain the presence of magnetism in most of the mag-
netic WDs. This is because, for the current mixing prescriptions
implemented in evolution models, this field would be trapped in
the WD interior for a very long time. Conversely, our calcula-
tions show that magnetic fields generated on the main sequence
can emerge to the WD surface within the age of the Universe
for WDs more massive than ∼0.65 M�. The more massive the
WD, the earlier the field should emerge at the surface (in agree-
ment with the crystallization-driven dynamos). The reason for
this relies on the fact that, for stars more massive than ∼0.65 M�,
the main sequence convective core has a greater mass than the
final WD mass. However, we expect the outer convective zones
penetrating during the first and second dredge up to annihilate
the magnetic field in the outer layers of the star, thus burying the
magnetic field in inner mass coordinates. Therefore, the outer
stellar mass that the field has to diffuse through in order to reach
the WD phase is smaller in higher-mass WDs, and the magnetic
breakout time is shorter.

We cannot predict the precise location of the boundary of
the trapped magnetic field from stellar models. This translates
into an uncertainty of up to several gigayears in the timing of
the magnetic breakout. These uncertainties arise from factors
such as the treatment of convective boundaries, mass-loss rates,
and the initial-to-final mass relation. Consequently, we cannot
provide a definitive prediction for the emergence time of the
main sequence dynamo field. However, we can predict that, if
a magnetic field is generated during the main sequence dynamo
and it can survive trapped in the stellar interior all the evolu-
tion to the WD phase, it will emerge at the surface during the
WD phase for masses &0.65 M�. Also, it will emerge at the
surface earlier in more massive WDs. These results are consis-
tent with the observations of the volume-limited sample of mag-
netic WDs from Bagnulo & Landstreet (2021, 2022), and with
the longstanding finding that magnetic WDs tend to be more
massive than their non-magnetic counterparts. It should be noted
that magnetic fields generated as a result of stellar mergers can
also explain the incidence of magnetism and the mass distribu-
tion of isolated magnetic WDs, as shown by population synthesis
studies (Briggs et al. 2015; García-Berro et al. 2012; Tout et al.
2008).

As a significant number of strongly magnetic WDs are
found in close binaries, the predictions of any scenario for
the origin of WD magnetic fields should be confronted with
observations of magnetic WDs in close binaries. Schreiber et al.
(2021) recently suggested an evolutionary sequence based on
the crystallization-driven dynamo that for the first time explains
the existence and relative numbers of magnetic WDs in cat-
aclysmic variables, detached WD binaries with strongly mag-
netic WDs (Parsons et al. 2021), and radio-pulsing WD binary
stars (Marsh et al. 2016). Assuming the main sequence dynamo
we propose here instead of the crystallization-driven dynamo,
this evolutionary sequence remains plausible. As long as
strong magnetic fields appear in WDs in cataclysmic variables,
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angular momentum transfer from the WD to the orbit, a subse-
quent detached phase, and synchronization are predicted.

In any case, it seems likely that the main sequence dynamo
cannot explain the magnetic field in all WDs, and there is likely
a variety of channels for the occurrence of WD magnetism.
In particular, the main sequence dynamo cannot account for
magnetism in WDs that descend from main sequence stars that
hold radiative cores. Nevertheless, this scenario can account for
the young massive magnetic WDs observed in globular clus-
ters, which cannot be explained by the merger or crystallization
hypotheses (Caiazzo et al. 2020). It is important to stress that
there is no clear evidence that the magnetic field is trapped in
the stellar interior of red giant stars nor clump stars more mas-
sive than ∼2 M� (Crawford et al. 2024). In order to adequately
test the capability of main sequence dynamos to explain WD
magnetism, a through analysis of the field evolution through all
stages of stellar evolution should be carried out. Furthermore,
a better estimation of the time of emergence and the predicted
surface magnetic field strength can be obtained by solving the
induction equation as in Castro-Tapia et al. (2024b). Finally, we
want to emphasize the potential of magnetic WDs as tools with
which to understand the efficiency of main sequence dynamos, in
addition to asteroseismological studies of red giant stars. Indeed,
the study of magnetic WDs can help to improve our understand-
ing of stellar dynamos and stellar evolution.
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