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ABSTRACT

Context. With the discovery of a few thousand exoplanets, questions have been raised regarding star-planet interactions and whether
the presence of a companion may affect stellar properties. GJ 504 is an excellent target in this context. This evolved (∼2 Gyr) Sun-like
star has a short rotation period (3.4 d) and an intense magnetic activity level, as seen by the X-ray luminosity and the chromospheric
diagnostics, which is in stark contrast with what would be expected at such an evolutionary stage.
Aims. One possible explanation is that a close-in, Jupiter-mass planet was pushed starwards by the action of stellar tides, inducing
a stellar spin-up and ultimately a rejuvenation of the stellar magnetic dynamo. By characterising the large-scale magnetic field and
magnetised wind of GJ 504, we aim to provide additional observational constraints to test such scenario.
Methods. We analysed spectropolarimetric observations of GJ 504 collected with ESPaDOnS. Using Zeeman-Doppler imaging, we
found a large-scale, dipolar, non-axisymmetric magnetic field with an average strength of 5.3 G, similar to that of evolved early-
G type stars. We fed the magnetic field information into our 3D magnetohydrodynamical simulation of the stellar wind and space
environment of GJ 504, from which we constrained the wind-driven angular momentum loss (J̇). We then compared J̇ to rotational
evolutionary tracks of GJ 504 for two scenarios: evolution with and without the engulfment of a close-in, Jupiter-mass companion.
Results. Between the two scenarios, only the planetary engulfment can explain the observational constraints obtained previously
in the literature, such as the stellar rotation and X-ray luminosity, and the J̇ we derived and rescaled to account for underestimated
magnetic field strength. Although there are many other stars with similar masses and rotation periods whose rotation evolution does
not require planet engulfment, we also identified HD 75332 as a second candidate for planet engulfment, suggesting that GJ 504 may
not be an isolated case.
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1. Introduction

Currently, 6042 exoplanets have been confirmed with various
techniques (Nasa Exoplanet Archive1 Christiansen et al. 2025).
The precise characterisation of the exoplanet host stars is essen-
tial to fully understand the origin and history of these sys-
tems (e.g. Danielski et al. 2022). On the one hand, stars govern
and shape the evolution of planetary systems, by determining
the conditions for planetary formation, orbital migration, atmo-
spheric erosion, and, notably, habitability. On the other hand,
the fundamental properties of the host stars can be significantly
influenced by the presence of close-by planets, leading to mutual
star-planet interactions (SPIs) of various types (tidal, radiative,
magnetic, and wind; see Vidotto 2025, for a recent review).

An interesting target for studying SPIs is GJ 504, an iso-
lated solar-like star (spectral type G0) with a mass of 1.22 M�,
hosting a directly imaged substellar companion at a projected

? Corresponding author: bellotti@strw.leidenuniv.nl
1 As of November 2025, https://exoplanetarchive.ipac.
caltech.edu/

distance of ∼43 AU (Kuzuhara et al. 2013). The evolutionary
state of GJ 504 is highly uncertain, with age estimations vary-
ing from hundreds of millions of years to several gigayears.
Previous studies on GJ 504 showed that the ages derived from
spectroscopic analyses (4.5+2

−1 Gyr, Fuhrmann & Chini 2015) and
isochrone fitting (2.5+1.0

−0.7 Gyr, D’Orazi et al. 2017) are incompat-
ible with the one based on activity indicators and gyrochronol-
ogy (∼160−300 Myr, Kuzuhara et al. 2013, e.g.), despite the
large uncertainty. Moreover, the study of Bonnefoy et al. (2018)
based on direct imaging and interferometry found plausible
isochronal ages to be 21 ± 2 Myr and 4.0 ± 1.8 Gyr.

As studied in Pezzotti et al. (2025), two possible scenarios
can be invoked to reconcile the controversial findings of GJ 504’s
age. First, the rotational evolution of GJ 504 may have fea-
tured weakened magnetic braking (e.g. van Saders et al. 2016),
during which the stellar large-scale magnetic field would not
efficiently brake the stellar rotation. This is consistent with the
rotation period value of 3.4 d. Second, the star possibly engulfed
a close-by (.1 AU) sub-stellar (.3 MJup) companion, enhanc-
ing its activity (Fuhrmann & Chini 2015; D’Orazi et al. 2017).

Open Access article, published by EDP Sciences, under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This article is published in open access under the Subscribe to Open model. Subscribe to A&A to support open access publication.

L12, page 1 of 9

https://doi.org/10.1051/0004-6361/202659144
https://www.aanda.org
http://orcid.org/0000-0002-2558-6920
http://orcid.org/0009-0009-6066-0194
http://orcid.org/0000-0001-6357-1992
http://orcid.org/0000-0001-5371-2675
http://orcid.org/0000-0001-7810-8028
mailto: bellotti@strw.leidenuniv.nl
https://exoplanetarchive.ipac.caltech.edu/
https://exoplanetarchive.ipac.caltech.edu/
https://www.edpsciences.org
https://creativecommons.org/licenses/by/4.0
https://www.aanda.org/subscribe-to-open-faqs
mailto:subscribers@edpsciences.org


Bellotti, S., et al.: A&A, 707, L12 (2026)

This tidally driven SPI event would increase the stellar rotation,
leading to an enhanced X-ray luminosity and magnetic activ-
ity, overall rejuvenating the dynamo process sustaining the stel-
lar magnetic field. The evolutionary models for stellar rotation,
Rossby number (that is, the ratio between rotation period and
convective turnover time), and X-ray luminosity of Pezzotti et al.
(2025) corroborated that a planetary engulfment is a viable sce-
nario and indicated an age of around 2 Gyr. The recent work of
Lazovik & Barker (2026) shows that the dissipation of internal
gravity waves within stars is affected by tidal SPIs. Specifically
for GJ 504, a planetary engulfment can explain the short rotation
period of the star.

In this Letter, we follow up on the work of Pezzotti et al.
(2025) on GJ 504 and test whether the stellar wind-driven angu-
lar momentum loss rate could be used as an additional constraint
to discriminate between one of these two scenarios. We analysed
spectropolarimetric observations of GJ 504 in order to recon-
struct the stellar large-scale magnetic field and perform magne-
tohydrodynamical simulations of the stellar wind. We contex-
tualised these new observational constraints with the theoreti-
cal evolution tracks of various quantities such as stellar rota-
tion, X-ray luminosity, angular momentum loss, and total angu-
lar momentum. Such a comparison allowed us to further discrim-
inate whether GJ 504 evolved without a planet or with a close-in,
Jupiter mass planet that was engulfed.

This Letter is structured as follows. We outline the large-
scale magnetic field reconstruction in Sect. 2 and then describe
the 3D magnetohydrodynamical simulations of the GJ 504’s stel-
lar wind in Sect. 3. The comparison between observational con-
straints and stellar evolutionary models is described in Sect. 4.
We finally draw our conclusions in Sect. 5.

2. Magnetic imaging

We observed GJ 504 with ESPaDOnS in April 2025. We pro-
vide the fundamental properties of GJ 504 in Table 1 and a
description of the observations in Appendix A. We characterised
the large-scale component of GJ 504’s magnetic field from cir-
cularly polarised spectra by means of Zeeman-Doppler imag-
ing (ZDI; for more information see Semel 1989; Donati et al.
1997). We employed the zdipy code described in Folsom et al.
(2018) and adopted the weak-field approximation, for which
Stokes V is proportional to the derivative of Stokes I with respect
to wavelength (e.g. Landi Degl’Innocenti 1992). As outlined
in Folsom et al. (2018), the local unpolarised line profiles are
modelled with a Voigt kernel. We performed a χ2

r minimisation
between the median of the observed Stokes I LSD profiles and its
model to find the best-fitting parameters of the kernel. We found
the optimal values for depth, Gaussian width, and Lorentzian
width to be 0.8, 1.63 km s−1, and 1.7 km s−1.

For the ZDI input parameters, we used the values of the stel-
lar rotation period (Prot = 3.4 d), projected equatorial velocity
(veq sin(i) = 6.3 km s−1), and inclination (i = 18◦) as listed
in Table 1. We set the maximum degree of spherical harmonic
coefficients, `max = 10, but a lower value could have been used
without changing the results as most of the magnetic energy is
stored in the low-` degrees. We set the limb darkening coefficient
to 0.6 (Claret & Bloemen 2011). Finally, the differential rotation
search was inconclusive; hence, we assumed solid body rotation.

The Stokes V LSD profiles and their ZDI fits are shown in
Fig. B.1. The reconstructed ZDI map is shown in Fig. 1. The
magnetic field has a mean strength of 〈|BV|〉 = 5.3 G and a
maximum of |Bmax| = 12.9 G. The magnetic energy is 〈B2〉 =
0.35 × 102G2 and 88% of it is stored in the poloidal component.

Table 1. Properties of GJ 504.

Property Value

Spectral type G0Va

V [mag] 5.22b

Distance [pc] 17.6c

Teff [K] 6205 ± 20b

log g [cgs] 4.29 ± 0.07b

M/H [dex] 0.22 ± 0.04b

Mass [M�] 1.29 ± 0.05d

Radius [R�] 1.35 ± 0.04e

Age [Gyr] 2.11 ± 0.46d

Ro 0.62d

Prot [d] 3.4b

veq sin i [km s−1] 6.3 ± 1.0b

i [◦] 18b

Notes. The listed properties are: identifier, spectral type, V band magni-
tude, distance, effective temperature, surface gravity, metallicity, stel-
lar mass, stellar radius, stellar age, Rossby number, rotation period,
equatorial projected velocity, and inclination. The references are: (a)
Gray et al. (2001), (b) D’Orazi et al. (2017), (c) Gaia Collaboration
(2020), (d) Pezzotti et al. (2025), and (e) Di Mauro et al. (2022).

Of this component, 61% is stored in the dipolar component, 28%
in the quadrupolar component, and 9% in the octupolar compo-
nent. The field is mostly non-axisymmetric, since only 25% of
the magnetic energy is accounted in the ` > 0 and m = 0 modes.
Finally, the axisymmetric-poloidal component accounts for 21%
and the axisymmetric-toroidal component for 54%.

3. Stellar wind modelling

We simulated the stellar wind of GJ 504 using the Space Weather
Modelling Framework (SWMF, Tóth et al. 2012) and specifically
the Alfvén wave solar model (AWSoM, van der Holst et al. 2014)
using the ZDI reconstructed map described in Sect. 2 at the
inner boundary of the model. A detailed description of the
methodology behind the wind models can be found in the
recent works of, for instance, Ó Fionnagáin et al. (2019) and
Alvarado-Gómez et al. (2022). The models fix the radial mag-
netic field component at the inner boundary to the ZDI-derived
values (see Fig. 1), while the transverse components are left to
evolve as the numerical solution relaxes towards steady state.
Except for the stellar mass, radius, and rotation period, the other
parameters used in the model are the same as those used for the
solar wind and in our previous models (e.g. Evensberget et al.
2023).

In Fig. 2, we present the steady-state output of our simu-
lations centred on the star. The wind speed (u) increases with
the distance from the star, while the local wind density (ρw) and
magnetic field (Bw) decrease. Furthermore, the wind exhibits
a spiral shape owing to stellar rotation. The white streamlines
indicate the magnetic field embedded in the stellar wind: open
field lines are located at the stellar magnetic poles and closed
field lines are visible in the regions where the magnetic polarity
switches over.

We computed the mass loss rate of the wind (Ṁ) by integrat-
ing the mass flux over a closed spherical surface (Σ) centred on
the star following Eq. (8) in Vidotto et al. (2014b). We estimated
Ṁ = 1.07×10−13 M�/yr, which is about 5.4 times larger than the
solar wind-mass loss rate. We note that Ṁ should not vary with
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Fig. 1. Reconstructed large-scale magnetic field map in flattened polar
view. From the left, the radial, azimuthal, and meridional compo-
nents of the magnetic field vector are illustrated. Concentric circles
represent different stellar latitudes: –30◦, +30◦, and +60◦ (dashed lines),
as well as the equator (solid line). The radial ticks are located at the rota-
tional phases when the observations were collected (see Table A.1). The
colour indicates the polarity and strength of the magnetic field.

the choice of surface, Σ, as long as such surface encloses the star.
We found only a variation of 0.6% by varying the spherical sur-
face radius across the simulation domain. We then computed the
angular momentum loss rate (J̇), which regulates the spin-down
of the star with age, using Eq. 9 in Vidotto et al. (2014b). We
estimated J̇ = 7.53× 1031 erg, which is conserved at most within
5%. This value is a factor of 23 larger than the average mass loss
rate of the Sun computed for cycle 23–24 (Finley et al. 2019a).

4. Rotational evolution models

We followed Pezzotti et al. (2025) and studied two evolution-
ary scenarios for GJ 504 (see Appendix C for the model setup):
one without tidally interacting Jupiter-mass companions and one
in which the star was orbited by a Jupiter-mass, close-in planet
with an initial orbital distance of ain = 0.025 AU at the moment
of dispersal of the protoplanetary disc. The planet subsequently
migrated starward due to tidal interactions. Pezzotti et al. (2025)
found that the engulfment scenario agrees better with the short
rotational period and bright X-ray luminosity of the star.

Our results are shown in Fig. 3, where we compare the evo-
lutionary tracks of the normalised stellar rotation rate, Ω/Ω�
(with Ω� = 2.9 × 10−6 Hz), the angular momentum loss, J̇wind,
the X-ray luminosity, LX, and the angular momentum, J. The
tracks were computed with initial values of Ωin(Ω�) = 3.2, 5, 18,
which were chosen to reproduce the 25th, 50th, and 90th rota-
tional percentiles in open clusters and stellar associations (e.g.
Eggenberger et al. 2019).

In the J̇wind panel, we include the angular momentum loss
rate derived in Sect. 3 (J̇wind,ZDI). This value alone is in agreement
with the tracks of isolated evolution (solid lines), but these same
tracks fail to reproduce the observed rotation period, X-ray lumi-
nosity, and semi-empirical global angular momentum of the star.

Fig. 2. Simulated stellar wind of GJ 504. The star is at the centre and its
rotation axis lies along the positive z?. The x? −y? plane is coloured by
the total wind velocity. The Alfvén surface is the region of space where
the local wind speed matches the Alfvén wave speed, vABw/

√
4πρw

(in cgs units), and is depicted as a translucent surface with two lobes,
as expected for stars with dominant dipolar large-scale field configura-
tions. The colour bar indicates the total wind velocity (utot).

When the value J̇wind,ZDI is rescaled by a constant factor, moti-
vated by the fact that ZDI is known to underestimate the mag-
netic field strength (Yadav et al. 2015; Lehmann et al. 2019),
it becomes compatible with the planetary engulfment tracks.
Specifically, the evolutionary tracks including engulfment (for Ω
between 3.2 and 4.0 Ω�) match all the four independent obser-
vational constraints. A more detailed explanation on the scaling
factors can be found in Appendix D.

5. Conclusions

We followed up on the recent work of Pezzotti et al. (2025) on
GJ 504, a Sun-like star that has a controversial evolutionary state.
Pezzotti et al. (2025) compared the rotation and X-ray luminos-
ity of GJ 504 derived from stellar evolution models to observa-
tions. To reconcile the observations with the theoretical tracks
at the age of the star, the authors proposed a scenario in which
GJ 504 engulfed a close-in, Jupiter-mass planet at an age of
∼1−2 Gyr. This tidally induced SPI may have spun up the star
and in turn rejuvenated its dynamo, leading to enhanced mag-
netic activity. With this work, we analysed the large-scale mag-
netic field and magnetised wind of GJ 504 and found additional
constraints that support the planetary engulfment scenario.

We compared the observational constraint on the stellar
angular momentum loss to the evolutionary tracks of GJ 504
obtained from a scenario in which the star evolved alone and
another in which the star engulfed an exoplanet. If the star is
assumed to evolve in isolation, the computed J̇ is the only quan-
tity that matches the evolution. However, if J̇ is rescaled to coun-
teract the fact that Zeeman Doppler imaging may underestimate
the magnetic field strength, J̇ becomes incompatible with the
star evolving in isolation. When considering the engulfment of
a planet instead, all observational constraints (stellar rotation,
X-ray luminosity, total angular momentum, and rescaled J̇) are
consistent with the evolutionary tracks. Ultimately, this provides
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Fig. 3. Evolutionary tracks of GJ 504. The scenarios without (solid lines) and with engulfment (dashed lines) are shown. The spikes in the
tracks correspond to the maximum transfer of angular momentum from the planetary orbit to the star, that occurs when the planet reaches the
Roche limit. From the left: the stellar surface rotation rate, with the observational constraint taken from Di Mauro et al. (2022); stellar wind-driven
angular momentum loss tracks with the unscaled J̇wind derived in Sect. 3 (white marker), the J̇wind,B×5 obtained by scaling the magnetic field strength
(orange marker), and J̇wind,ZDI rescaled by a factor of 20 (gray marker); X-ray luminosity, with the black dot indicating the observational constraint
of Pezzotti et al. (2025); and global angular momentum, with the black dot showing the semi-empirical angular momentum, which is the model
momentum of inertia multiplied by the surface rotation rate from Di Mauro et al. (2022).

further support of the planetary engulfment scenario proposed
by Pezzotti et al. (2025).

To understand whether GJ 504 is an isolated case, we per-
formed a similar analysis for HD 75332, which is another
Sun-like star lying in the vicinity of GJ 504 in terms of mass,
rotation period, and magnetic field properties (see Appendix E).
We found analogous results to GJ 504, although other stars
with similar properties do not show this anomaly (Pezzotti et al.
2026). Additional observations from a dedicated campaign are
required to provide more constraints on these phenomena, such
as radial velocity follow-ups to study oscillations and constrain
the age of GJ 504. In general, from both spectroscopic studies
of chemical enrichment (e.g. Soares et al. 2025) and tidal SPI
studies (Lazovik & Barker 2026), an occurrence rate of 20% for
planetary engulfments with detectable signatures for Sun-like
stars is expected.
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Appendix A: Journal of observations

We collected 20 ESPaDOnS observations between April 5th and 9th, each with an exposure time of 120 s per polarimetric sequence.
ESPaDOns is the spectropolarimeter on the 3.6 m Canada-France-Hawaii-Telescope (CFHT) located atop Mauna Kea in Hawaii.
The instrument has a spectral coverage from 380 nm to 1050 nm, and a median spectral resolving power of 65 000 after data
reduction. The observations were carried out in circular polarisation mode, providing both unpolarised (Stokes I) and circularly
polarised (Stokes V) high-resolution spectra. The data were reduced with the LIBRE-ESPRIT pipeline (Donati et al. 1997). The
first observation on April 5th recorded a significantly lower signal-to-noise ratio (S/N) compared to the other observations, due to
the presence of clouds that attenuated the signal. For this reason the observation was discarded from the analyses described in the
following sections. The signal-to-noise ratio at 650 nm per resolution element (2.6 km s−1 velocity bin) per polarimetric sequence
of the other observations ranges between 146 and 390, with an average of 329. In the next sections, the observations will be phased
with the following ephemeris

HJD = HJD0 + Prot · ncyc, (A.1)

where HJD0 is the heliocentric Julian Date reference (the first one of the time series for each star, see Table A.1), Prot is the rotation
period of the star (see Table 1), and ncyc represents the rotation cycle.

We applied least-squares deconvolution (LSD Donati et al. 1997; Kochukhov et al. 2010) to the Stokes I and V spectra using the
lsdpy code which is part of the Specpolflow software (Folsom et al. 2025)2. This is a cross-correlation technique that deconvolves
an observed spectrum with a line list to obtain an average, high-S/N line profile. We used the Vienna Atomic Line Database3

(VALD, Ryabchikova et al. 2015) to generate a synthetic line list corresponding to a stellar temperature of 6250 K and surface
gravity of log g = 4.5 (cm s−2). When performing LSD, we excluded spectral regions affected by telluric bands and the Hα line:
[627,632], [655.5,657], [686,697], [716,734], [759,770], [813,835], and [895,986] nm. In total, we used 7100 atomic spectral lines
and we adopted a normalisation wavelength and Landé factor (that is, the magnetic sensitivity of the line indicated as geff) of
700 nm and 1.2 (see Kochukhov et al. 2010, for more details). The output is Stokes I and V LSD profiles with augmented S/N.
We re-normalised the Stokes I LSD profiles continuum to unity by fitting a linear model to the region outside the line, to include
residuals of continuum normalisation at the level of the spectra. The Stokes V profiles were correspondingly rescaled with the same
fit.

Appendix B: ZDI fit of Stokes V LSD profiles

We fitted the observed Stokes V LSD profiles down to χ2
r = 1.26, from an initial value of 2.0 which corresponds to a featureless

magnetic map. In this ZDI reconstruction, we removed the observation on April 5th at 10:43:38 UT since the S/N was visibly lower
than the other observations, which allowed us to improve the target χ2

r .
The deviation of the χ2

r from 1.0 may come from the unaccounted intrinsic evolution of magnetic features, as well as the
assumption of solid body rotation. Donahue et al. (1996) measured Prot values for GJ 504 between 3.23 d and 3.41 d, and attributed
this variation to differential rotation. The fact that we cannot constrain such phenomenon from our GJ 504 data does not imply a
null surface shear. Rather, the limiting factor is likely the time span of our observations, which is too short for the surface latitudinal
shear to have distorted the magnetic features enough to be detected.

Appendix C: Rotational evolution model setup

To compute the rotational and X-ray luminosity tracks of GJ 504 for the evolutionary scenarios with and without engulfment, we
provided the structural tracks computed with the CLES stellar evolution code (Scuflaire et al. 2008) to a SPI code (Privitera et al.
2016; Rao et al. 2018; Pezzotti et al. 2021, 2025). In this code, the treatment of two main SPIs is implemented: the gravitational-tidal
one, accounting for the exchange of angular momentum between the host star’s surface and the planetary orbit, and the radiative
one, through which the mass loss from planetary atmosphere due to the host star high energy radiation is estimated.

For the evolution of the host star surface rotation rate, the impact of magnetised winds is considered by means of the solar
calibrated prescription of Matt et al. (2015, 2019). Solid body rotation is assumed for GJ 504 on the pre-main sequence and main
sequence phases (Rao et al. 2021). The evolution of the X-ray luminosity is consistently computed with respect to the one of the
surface rotation rate, by using the recalibrated Rx − Ro relationship of Johnstone et al. (2021), as in Pezzotti et al. (2021), where Rx
is the ratio between the X-ray and the bolometric luminosity, and Ro is the stellar Rossby number.

Appendix D: Scaling the torque

The normalisation factors used to reconcile the angular momentum loss estimated from ZDI maps with the ones from rotational
models depend on the considered braking law and modelling assumptions (see e.g. Evensberget & Vidotto 2024). In Finley et al.
(2019b), the authors found that torque estimates based on rotation-evolution models, as in Matt et al. (2015) are systematically
larger than the ones derived from ZDI-based wind models (e.g. Finley & Matt 2018). They suggest several causes at the source of
this discrepancy, among which potential issues with the rotation-evolution models or systematic effects from the ZDI technique in
underestimating field strengths.

2 Available at https://github.com/folsomcp/LSDpy
3 http://vald.astro.uu.se/
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Fig. B.1. Time series of Stokes V LSD profiles and the ZDI models for GJ 504. The observations are shown in black and the models in red. The
numbers on the right indicate the rotational cycle computed from Eq. A.1. The horizontal dashed line represents the zero point of the profiles,
which is shifted vertically based on the rotational phase for visualisation purposes.

In Finley et al. (2019b), they show that multiplying the J̇ estimates by 20, for their sample of stars with ZDI-based wind models,
a general better overlap is obtained with respect to the torques estimated from rotation-evolution models. By comparing rotational
tracks computed for a standard solar model, with the same method and braking law as in Pezzotti et al. (2025), we found that a factor
of 20 is indeed needed to reconcile the rotational tracks at at the solar age with the torque determined at the solar maximum. For
consistency, in this work we multiplied the J̇ derived in Sect.3 by a factor 20 to reconcile the predictions from theoretical rotational
tracks with the semi-empirical estimates of the torque. In the J̇wind panel of Fig. 3, we indicated the angular momentum loss we
derived in Sect. 3 multiplied by 20 (J̇wind,ZDI × 20 = 1.51 × 1033 erg). We also note that the minimum amount of scaling for J̇wind,ZDI
to be compatible with the engulfment scenario (precisely, the evolutionary track of 3.2Ω�) is a factor of approximately four.

Owing to the fact that ZDI recovers only a fraction of the total magnetic field strength (see e.g. Yadav et al. 2015), we decided to
perform a simulation of the stellar wind with augmented magnetic field strength. In practice, we followed Evensberget et al. (2023)
and multiplied the input radial magnetic field strength of ZDI by a factor of five, and then characterised the wind properties in a
similar manner to Sect. 3. We obtained J̇wind,B×5 = 7.15 × 1032 erg. As shown in Fig. 3, both the rescaled values of J̇ are compatible
with the planetary engulfment scenario.

Appendix E: Comparative analysis with HD 75332

GJ 504 fundamental parameters are close to τ Boo (M = 1.39 M�, Prot = 3.1 d, age = 1.9 Gyr) and HD 75332 (M = 1.21 M�,
Prot = 3.56 d, age = 0.9 Gyr), as can be seen in Table 1. In this appendix, we present a similar analysis for HD 75332 to that described
in Sect. 4, using the magnetic properties provided in Brown et al. (2021), in order to assess whether it could have undergone an
evolutionary history similar to GJ 504. τ Boo is excluded from this comparison because the star is known to host a hot Jupiter planet
(Butler et al. 1997), hence the engulfment scenario of a tidally interacting hot Jupiter would render the analysis inconsistent.

We searched for the optimal fundamental stellar parameters of HD 75332 by means of a global minimisation technique carried
out with SPInS (Lebreton & Reese 2020), on the basis of a grid of stellar tracks computed with the CLES stellar evolution code
(Scuflaire et al. 2008). We used Teff[K] = 6258±44, log g = 4.34±0.03 and [M/H] = 0.05±0.03 from Brown et al. (2021), and the
bolometric luminosity derived from the Gaia DR3 (Gaia Collaboration 2020) G-band (Lbol[L�] = 1.99 ± 0.01) as in Buldgen et al.
(2019), as constraints for the modelling. The optimal values that we found are: M = 1.15 ± 0.06 M�, R = 1.19 ± 0.03 R�,
Age = 1.78 ± 0.68 Gyr.
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We then computed evolutionary tracks for HD 75332 as shown in Fig. E.1. We assumed the same two scenarios as for GJ 504:
evolution without planet, and with an inward migration of a giant planet. In the scenario without planet, we considered three initial
surface rotation rates Ωin = 3.2, 5, 18 Ω� and in the scenario with a planet, we considered a 3 MJ companion at initial orbital
distance ain(AU) = 0.025, and host star initial surface rotation rate Ωin(Ω�) = 3.5. We selected this value for the initial surface
rotation rate for analogy with the case of GJ 504, for which the engulfment and consequent compatibility with the observational
and semi-empirical constraints for Ω, LX, J̇wind and J is obtained for models with Ωin(Ω�) ∼ 3.2 − 4. In this scenario, the planet is
engulfed by the host star at ∼ 1.5 Gyr. It is worth recalling that the choice of initial mass orbital distance for the planet, together
with the initial surface rotation rate for the host star, is degenerate. Therefore, choosing a different set of initial parameters may lead
to a similar result, as discussed in Pezzotti et al. (2025).

In Fig. E.1, we show the comparison between observational constraints and the evolutionary tracks for Ωin, angular momen-
tum loss, LX, and total angular momentum. The observational constraints of Ωin and LX were taken from Brown et al. (2021) and
Vidotto et al. (2014a), respectively. For the angular momentum loss, the black circle indicates the value computed using the pre-
scription of Finley & Matt (2018). The dipolar, quadrupolar and octupolar components of the large-scale poloidal magnetic field of
HD 75332 were taken from Table 3 in Brown et al. (2021). In Fig. E.1, the solid lines indicate the scenario without planet engulf-
ment, while the dashed line represents the track relative to the engulfment scenario. We find that all the observational constraints
(stellar rotation, angular momentum, X-ray luminosity, and total angular momentum) are reconciled with the theoretical tracks only
with the engulfment scenario, in a similar manner as for GJ 504. Analogously, the observed angular momentum loss is consistent
with the evolutionary track associated with the planetary engulfment when multiplied by a factor of 20.

From this comparative analysis, we infer that GJ 504 and HD 75332 may have experienced a similar evolutionary history,
potentially involving the engulfment of a giant planet. However, several uncertainties persist regarding the magnetic properties of
stars occupying this particular region of the mass–period parameter space. In other words, the magnetic properties of only GJ 504,
HD 75322 and τ Boo have been reconstructed in the literature. Pezzotti et al. (2026) investigate the activity–rotation–age relation for
13 G-type and F-type stars with high-quality asteroseismic constraints from the Kepler LEGACY sample. The authors report that
none of these Kepler stars, despite having highly accurate and precise fundamental parameters like rotation periods and eROSITA
X-ray luminosities, exhibit anomalous properties similar to those of GJ 504 and HD 75332. Specifically, the rotation periods are not
substantially shorter than model predictions and the X-ray luminosities are not enhanced given their stellar age.
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Fig. E.1. Evolutionary tracks computed for HD 75332. The scenarios without (solid lines) and with (dashed line) the engulfment of a 3 MJ planet
at an initial orbital distance ain = 0.025 AU are included. For the stellar initial surface rotation rate, we considered values of Ωin(Ω�) = 3.2, 5.0, 18,
as representative of the evolution as slow, moderate and fast rotator (Eggenberger et al. 2019). The spike featured by the dashed line indicates
the effect the planetary engulfment has on the stellar property. In the top-left panel, the black dot shows the observed surface rotation rate as in
Brown et al. (2021). In the top-right panel, the black dots shows the estimates of angular momentum loss derived by using the prescription in
Finley & Matt (2018) and the values in Table 2 of Brown et al. (2021). The gray square shows the mean value of the angular momentum loss
estimates multiplied by a factor 20. In the bottom-left panel, the back dot shows the observational value of the X-ray luminosity from Vidotto et al.
(2014a). In the bottom-right panel, the black dot shows the semi-empirical angular momentum obtained by multiplying the best-fit stellar model
momentum of inertia by the surface rotation rate in Brown et al. (2021).
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