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ABSTRACT

Context. Beta Pictoris is an A-type star that hosts a complex planetary system with two massive gas giants and a prominent debris
disc. Variable absorption lines in its stellar spectrum have been interpreted as signatures of exocomets — comet-like bodies transiting
the star. Stellar flybys can gravitationally perturb objects in the outer comet reservoir, altering their orbits and potentially injecting
them into the inner system, thereby triggering exocomet showers.

Aims. We assessed the contribution of stellar flybys to the observed exocomet activity by reconstructing the stellar encounter history
of B Pictoris in the past and future.

Methods. We used Gaia DR3 data, supplemented with radial velocities from complementary spectroscopic surveys, to compile a cat-
alogue of stars currently within 80 pc of 8 Pictoris. Their orbits were integrated backwards and forwards in time in an axisymmetric
Galactic potential (via the GALA package) to identify encounters within 2 pc of the system.

Results. We identified 99 416 stars currently within 80 pc of 8 Pictoris with resolved kinematics. Among these, 49 stars (including
the eight components of five binaries) encounter 8 Pictoris within 2 pc between —1.5 Myr and +2 Myr. For four of the binaries, the
centre-of-mass trajectories also pass within 2 pc. We estimated the sample to be more than 60% complete within 0.5 Myr of today.
Conclusions. Despite B Pictoris being the eponym of its famous moving group, none of the identified encounters involved its mov-
ing group members; all are unrelated field stars. We found no encounter capable of shaping the observed disc structures, although
stellar flybys may contribute to the long-term evolution of an Oort Cloud-like structure. Our catalogue constitutes the most complete

reconstruction of the 8 Pictoris encounter history to date and provides a robust foundation for future dynamical simulations.
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1. Introduction

The S Pictoris system (hereafter 8 Pic) is one of the most iconic
examples of a young, dynamically evolving planetary system. It
offers a valuable laboratory for investigating planet formation,
disc evolution, and exocomet activity. Located at 19.6 pc from
the Sun (Gaia Collaboration 2016b; Lindegren et al. 2021b),
B Pic is a ~20 Myr-old A6V-type star (Couture et al. 2023;
Gray et al. 2006) and the namesake of the 8 Pic Moving Group
(BPMG), whose members share common kinematics and likely
originated in the same star-forming region (Zuckerman et al.
2001; Couture et al. 2023; Lee et al. 2024; Lee & Song 2024).
Beta Pic hosts a prominent edge-on debris disc, first imaged
by Smith & Terrile (1984), which has been the focus of exten-
sive study due to its structure. High-resolution observations have
revealed a complex morphology, including a primary disc and
an inclined secondary component (Heap et al. 2000), along with
warps, clumps, and large-scale asymmetries (Golimowski et al.
2006; Lagrange et al. 2012). Using Atacama Large Millimeter
Array imaging, Dent et al. (2014) and Matra et al. (2019) traced
a planetesimal belt extending from ~50 to 150 au, with ongoing
dust production attributed to collisional cascades and comet-like
activity (Thébault & Beust 2001; Tobin et al. 2019). In addition

* Corresponding author: jlgragera@cab.inta-csic.es

to dust, the disc contains a significant amount of CO and atomic
carbon gas (Lagrange et al. 1995; Cataldi et al. 2018), which is
atypical for systems of comparable ages.

Recent JWST observations (Rebollido et al. 2024) have
revealed a large, asymmetric dust feature — nicknamed the ‘Cat’s
tail’ — originating from the secondary disc. This structure likely
results from a recent collisional or outgassing event and is asso-
ciated with a region with a higher density of circumstellar gas
(Dent et al. 2014). Mid-infrared spectroscopy shows that the
hot crystalline dust features present in 2004-2005 have since
disappeared, consistent with a major collision followed by the
radiation-pressure blowout of small grains (Chen et al. 2024).
Spectroscopic monitoring of the system has also revealed tran-
sient absorption features attributed to exocomets transiting the
stellar disc (Ferlet et al. 1987; Beust et al. 1990; Kiefer et al. 2014;
Lecavelier des Etangs et al. 2022; Hoeijmakers et al. 2025), rein-
forcing the interpretation of a highly active and dynamically rich
environment.

The system also hosts two directly imaged giant exoplan-
ets. Beta Pic b, with a mass of 12 Mj,, and an orbital distance
of 10 au, was one of the first exoplanets discovered via direct
imaging (Lagrange et al. 2009a,b, 2010). Beta Pic c, a closer-in
giant of 9 My, at 2.7 au, was detected through a combina-
tion of radial velocity (RV) measurements and direct imaging
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(Lagrange et al. 2019; Nowak et al. 2020). Both planets have
inclinations of ~89° (Lacour et al. 2021) and are aligned with
the main disc but misaligned with the secondary disc (Rebollido
et al. 2024). They were proposed — prior to their discovery — to be
dynamical sculptors of the observed warps and resonant struc-
tures of the surrounding disc (Mouillet et al. 1997). Numerical
simulations suggest that their gravitational influence can perturb
planetesimals onto star-grazing orbits via mean-motion reso-
nances, potentially explaining the observed exocomet activity
(Thébault & Beust 2001; Beust et al. 2024).

Given the presence of giant planets and an extended planetes-
imal disc, it is plausible that 8 Pic hosts a distant, dynamically
evolving reservoir of icy bodies — an analogue to the Solar
System’s Oort Cloud. In the Solar System, the Oort Cloud is
thought to have formed through a combination of scattering
by giant planets and external perturbations from the Galactic
tidal field and stellar encounters (Oort 1950; Dones et al. 2004,
Brasser et al. 2008; Brasser & Morbidelli 2013; Nesvorny 2018;
Shannon et al. 2019). Several studies have used N-body simula-
tions to explore the formation and evolution of such reservoirs
(Levison et al. 2004; Fouchard et al. 2006; Kaib & Quinn 2008;
Morbidelli 2005; Torres et al. 2019; Vokrouhlicky et al. 2019;
Portegies Zwart et al. 2021). Unlike the Oort Cloud — which has
had billions of years to reach a dynamically relaxed state — the
cometary cloud around S Pic would at present be dynamically
unevolved, potentially resembling a proto-Oort Cloud in its for-
mative stages. Studies of the influence of stellar encounters on
this distant reservoir in the Solar System (Rickman 1976; Garcia-
Sanchez et al. 1999; Bailer-Jones 2015, 2018; Bailer-Jones et al.
2018; Torres et al. 2019) often employ the impulse approxima-
tion (Oort 1950; Rickman 1976; Dybczyniski 1994; Binney &
Tremaine 2011) as an alternative to full N-body simulations to
study the dynamical effect induced by a fast-moving stellar per-
turber, reducing the three-body Sun—star—comet problem to the
net impulse transferred by the star to the Sun and the comet.

Kalas et al. (2001) conducted an early investigation of the
encounter history of 8 Pic using astrometric data from the
HIPPARCOS catalogue (Perryman et al. 1997) and RVs from
Barbier-Brossat & Figon (2000). They propagated the rectilin-
ear trajectories of 21497 stars and identified 18 candidates that
passed within 5 pc of 8 Pic over the past 1 Myr. Applying
the impulse approximation, they assessed the effects of these
encounters on the eccentricities of a hypothetical cometary cloud
and concluded that, if such a reservoir exists, past stellar encoun-
ters may have contributed to the formation and shaping of an
Oort Cloud-like structure.

The data releases of the European Space Agency’s Gaia
mission (Gaia Collaboration 2016b,a, 2018, 2021a, 2023) have
enabled a major advance in our understanding of stellar dynam-
ics in the solar neighbourhood. With astrometry data for
1.46 billion stars and RVs for 33 million, it is now possible to
reassess the encounter history of 8 Pic with greatly improved
precision and completeness.

The aim of this work is to construct the most complete
and accurate catalogue to date of stellar encounters with g Pic,
using Gaia astrometry and complementary RV data. Section 2
describes our catalogue of stars within 80 pc of 8 Pic and the
selection criteria applied. Section 3 details the orbital integra-
tion of these stars to identify past and future encounters with
B Pic; we also assessed the completeness of our results using
encounter probability estimates and identified binary and higher-
multiplicity systems within our sample. Section 4 compares our
findings with the earlier study by Kalas et al. (2001). Finally,
Sect. 5 presents our summary and conclusions.
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2. The g Pictoris neighbourhood catalogue

To construct a catalogue of stars in the vicinity of 8 Pic, we
began with Gaia data. The latest release, Gaia Data Release 3
(Gaia Collaboration 2023) was divided into two parts: the Early
Data Release 3 (hereafter GEDR3; Gaia Collaboration 2021a),
which provides astrometry (Lindegren et al. 2021b) and inte-
grated photometry, and the full Gaia Data Release 3 (hereafter
GDR3), which superseded GEDR3 and includes additional prod-
ucts such as RV data (Katz et al. 2023), spectra, astrophysical
parameter tables, and results for non-single stars, among others.
Also included in GEDR3 is the Gaia Catalogue of Nearby Stars
(GCNS; Gaia Collaboration 2021b), a census of 331312 Gaia
sources that is volume-complete for spectral types earlier than
MBS within a 100 pc radius centred on the Sun.

We applied the parallax correction from Lindegren et al.
(2021a), the proper motion correction proposed by Cantat-
Gaudin & Brandt (2021), and the uncertainty corrections for
both parallax and proper motion as outlined by Maiz Apelldniz
(2022), using a Python function provided by M. Pantaleoni
Gonzélez (priv. comm.) to account for known systematics in the
astrometric data. This method inflates the uncertainties accord-
ing to the re-normalised unit weight error of the source astrome-
try (ruwe), so the objects with poor solutions are assigned larger
uncertainties.

As S Pic lies approximately 20 pc from the Sun, the largest
sphere centred on § Pic that fits within the GCNS coverage
has a radius of about 80pc. We used the dedicated functions
of the Tool for OPerations on Catalogues And Tables (TOP-
CAT; Taylor 2005) to select sources within this region (see
Appendix A). Our initial sample comprises 156 995 stars from
the GCNS catalogue. Among these, 46321 have complete 6D
phase space information (right ascension, declination, parallax,
proper motion, and RV) with associated errors and astrometric
covariances. The RV data in GCNS are sourced from GDR2 and
supplemented by references compiled in the Set of Identifica-
tions, Measurements and Bibliography for Astronomical Data
(SIMBAD; Wenger et al. 2000).

To incorporate the latest RV data from Gaia (Katz et al.
2023), we crossmatched the GCNS sources with GDR3, which is
straightforward as the two catalogues share the same Gaia source
ID. This increased the number of sources with RVs to 95453.

To further expand RV coverage, we crossmatched the GCNS
sources with major spectroscopic surveys: The Sixth Data
Release of the Radial Velocity Experiment (RAVE; Steinmetz
et al. 2020), the Fourth Data Release of the GALactic Archae-
ology with HERMES (GALAH, Buder et al. 2025), the Seven-
teenth Data Release of the Apache Point Observatory Galactic
Evolution Experiment (APOGEE; Abdurro’uf et al. 2022), and
the Low Resolution Survey (LRS; Deng et al. 2012) and Medium
Resolution Survey (MRS; Liu et al. 2020) of the Tenth Data
Release of the Large Sky Area Multi-Object Fiber Spectro-
scopic Telescope (LAMOST). These catalogues include Gaia
IDs, which were used for the crossmatch.

2.1. Selection filters

We applied quality filters to discard the poorest data, adapting
the criteria proposed by Tsantaki et al. (2022) and following the
documentation of each survey'? (Steinmetz et al. 2020; Luo et al.
2015):

I https://www.galah-survey.org/dr4/using_the_data/
2 https://www.sdss4.org/drl7/irspec/use-radial-velocities/
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Table 1. RV data for the GCNS sources within 80 pc of 3 Pic.

Catalogue Number of stars
GDR3 87066
APOGEE 6570
GCNS 2921
GDR3-NSS 1866
RAVE 486
GALAH 404
LAMOST-MRS 66
LAMOST-LRS 37
Total 99416

— RAVE: RV zero-point correction |cHRVI < 10km sl RV
error e_HRV < 8 kms~!; correlation coefficient R > 10; qual-
ity flag Qual # I; and a signal-to-noise ratio S_Nm > 0,
which also flags errors when negative.

— GALAH: Signal-to-noise per pixel snr_px_ccd3 > 30; stel-
lar parameters quality flag flag_sp =0; and RV error
e_rv_comp_1 < 100kms™).

— APOGEE: Quality flag STARFLAG mod 212 # 0, (keeping
flags 0,3,4,9,12,13,19,22); signal-to-noise ratio SNR > 5; and
RV error 0kms™' < VRELERR < 2kms™.

— LAMOST-LRS: Signal-to-noise ratio snrg > 15; and RV
error rv_err > Okms™!.

— LAMOST-MRS: Signal-to-noise ratio snr > 15; and RV
error Okms~'<rv_laspl_err. < 100kms™!.

2.2. Source catalogues and visit catalogues

The previously mentioned surveys conduct multiple observa-
tions of the same object to enhance result accuracy. Depending
on the curation strategy, these are either merged into a single
entry per source (hereafter referred to as ‘source catalogues’) or
stored as multiple observations (hereafter referred to as ‘visit cat-
alogues’). In our science case, we had to use the source catalogue
to crossmatch between sources.

Gaia releases source catalogues, whereas LAMOST-LRS,
LAMOST-MRS and RAVE provide visit catalogues. GALAH
and APOGEE offer both types of catalogues. Following the
recommendations for each survey, we used the APOGEE visit
catalogue and the GALAH source catalogue.

Where necessary, we transformed visit catalogues into
source catalogues. For each star, we computed the median RV
from its visits. If the number of visits was even, instead of cal-
culating the mean between the two central values, we selected
the value with the smallest associated error. When multiple RV
values were available from different surveys, we retained the one
with the smallest error.

The main GDR3 table provides astrometric and RV data
obtained by fitting the standard single-star model (Perryman
et al. 1997) to the spacecraft measurements. As a first attempt to
account for binaries, GDR3 also includes dedicated tables that
refit poor astrometric results as accelerated models compatible
with binaries (Halbwachs et al. 2023; Holl et al. 2023), and vari-
able RVs as eclipsing or spectroscopic binaries (Gosset et al.
2025). When available, we replaced the original astrometric or
RV entries with the corresponding binary solutions.

As with astrometry, RV data can not be used directly from
the archive tables without correction for known systematics. For

cool stars (rv_template_teff < 8500 K), we applied the pre-
scription of Katz et al. (2023), for hot stars that of Blomme et al.
(2023), and for the uncertainties the recipe of Babusiaux et al.
(2023).

The final sample includes 99416 sources within 80 pc of
B Pic with RVs and associated uncertainties — representing
63.3% of the total GCNS sources in this volume. The remain-
ing 57 579 (36.7%) lack RV data. The distribution of RV sources
across surveys is summarised in Table 1. Note that the Gaia
counts differ from those mentioned earlier in this section, as we
adopted RV data from the other surveys when they offered lower
uncertainties.

2.3. Convective blueshift and gravitational redshift

Spectroscopic RVs should not be used as kinematic RVs
(Lindegren et al. 2003). Two main effects contribute to sys-
tematic shifts in the measured line positions: the gravitational
redshift and the convective blueshift.

The gravitational redshift arises because photons lose energy
when escaping from the stellar gravitational potential of the star,
producing a systematic redshift that depends on the stellar mass
and radius (see Couture et al. 2023), but in this work we adopted
mass and log g due to data availability:

C

~12
2 VGM X 10789
ARV gy = c[(l - G—f] - 1). 1)

The convective blueshift is related to the dynamics of con-
vective atmospheres: hotter, rising gas contributes more flux
than cooler, descending material, leading to asymmetric spec-
tral lines and a net blueshift. Its amplitude depends on the
stellar structure, which is significant in giants and cool dwarfs
with outer convective layers, but negligible in hot dwarfs and
white dwarfs. For the corrections, we followed the formulation of
Couture et al. (2023) for dwarfs, and the dependence described
by Liebing et al. (2023) for evolved stars. Typical values of the
gravitational redshift are 0.4-0.6 km s~', whereas the convec-
tive blueshift generally has lower absolute values, in the range
0.02-0.4 kms™".

As a source of stellar parameters, we used the same spec-
troscopic surveys that provided RV data, complemented with
the TESS Input Catalogue (TIC) values (Paegert et al. 2021),
and additional works dedicated to white dwarfs (Gianninas et al.
2015; Bédard et al. 2017; Kilic et al. 2020; Bonavita et al. 2020;
Jiménez-Esteban et al. 2023; Vincent et al. 2024). The TIC
catalogue classifies stars as dwarfs (main-sequence and white
dwarfs), giants, or subgiants (the last two being evolved stars).
We also employed the luminosity classes of spectral types avail-
able in SIMBAD to complete the classification; objects without
spectral type information were assumed to be dwarfs. Once
classified, missing parameters were estimated by interpolation
within each class: for evolved stars and white dwarfs we used
available data for objects with similar known parameters, while
for main-sequence dwarfs, we relied on the updated version® of
Table 3 of Pecaut & Mamajek (2013). Objects with no available
data were assumed to be faint, low-mass stars and were assigned
the corresponding gravitational redshift (0.4 +0.3kms™!) and
convective blueshift (0.0+0.2kms™"), according to Couture
et al. (2023).

3 https://www.pas.rochester.edu/~emamajek/EEM_dwarf_
UBVIJHK_colors_Teff.txt
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Table 2. Galactic potential parameters of MilkyWayPotential2022.

Component Parameters Values
Hernquist bulge Mass 5x10° M,
Core radius 1.0 kpc
Hernquist nucleus Mass 1.8142 x 10° My,
Core radius 0.068887 kpc
Disc (3 x Total mass 47717 x 10'° M,
Miyamoto—Nagai) Radial scale length 2.6 kpc
Vertical scale height 0.3 kpc
NFW halo Scale mass 5.5427 x 10'' Mg,
Scale radius 15.626 kpc

After applying the corrections to all sources, the kinematic
RVs can be used. The complete catalogue is available on Zenodo.

3. Close encounters with g Pic

To calculate the stellar encounters with 8 Pic and its nearby stars,
we traced their orbits backwards and forwards in time and calcu-
lated the minimum distance between their positions over time. In
these integrations we neglected star-star interactions (see the dis-
cussion in Sect. 3.1), so each orbit was determined solely by its
initial conditions and the Galactic potential. We used the Galac-
tic potential MilkyWayPotential2022 presented in the Python
package GALA (Price-Whelan 2017; Price-Whelan et al. 2020)
to perform the integration of stellar motions within a Galaxy
model. This potential comprises four components: a Hernquist
bulge and nucleus, a Miyamoto-Nagai disc, and a Navarro—
Frenk—White dark matter halo. The developers fitted the disc
model to the Eilers et al. (2019) rotation curve for radial depen-
dence, and its vertical structure was fitted to the phase-space
spiral in the solar neighbourhood as described in Darragh-Ford
et al. (2023)*. The parameters defining the potential are listed in
Table 2.

Prior to integration, we transformed the Gaia coordinates
into a Galactocentric reference frame using ASTROPY, adopting
the following parameters: the coordinates of the Galactic Cen-
tre at [RA, Dec.]Jgc = [17M45M37.224°%, -28°56"10.23""] (Reid
& Brunthaler 2004), the distance from the Sun to the Galac-
tic Centre of 8.275kpc (GRAVITY Collaboration 2021), the
Sun’s height above the Galactic plane zp = 20.8 pc (Hunt
et al. 2022), and its Galactocentric velocity [Ug, Ve, We] =
[8.4,251.8,8.4] kms™" (Hunt et al. 2022).

We integrated the orbits of g Pic and the remaining 99416
stars both forwards and backwards in time using a timestep of
|Af| = 50yr until a maximum integration time f,,x. Because
GALA requires the integration interval to be defined in advance,
halting and restarting the simulation at each timestep to check
if the minimum was reached may introduce cumulative numeri-
cal errors. For both numerical safety and efficiency, we therefore
adopted a sequence of integration windows from the present
to |tmax| = [5, 10, 15,20, 25, 30, 35, 40, 60, 100] Myr, checking at
each whether the minimum Euclidean distance between g8 Pic
and a given star was achieved. If so, the integration terminated;
otherwise, it continued to the next #y,x. Though integrations
beyond S Pic’s 20 Myr lifespan are not physically meaningful,

4 https://gala-astro.readthedocs.io/en/latest/api/
gala.potential.potential.MilkyWayPotential2022.html
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they are useful for statistical analysis. Specific energy conser-
vation during integration was verified to machine precision,
max(|AE/Eol) < 10714,

We used the fourth-order symplectic integrator of Forest &
Ruth (1990), as implemented in GALA. Each integrated orbit is
represented by galactocentric coordinates X;, Y;, Z; and veloc-
ities U;, V;, W; along a time vector #;. After integration, we
computed the Euclidean distance (d;) between S Pic and each
star at each f;, identifying the time (fy;,) and distance (dpi, =
mind;) of closest approach. Relative encounter velocities were
also stored.

We were only interested in stars that approach closely enough
to affect the surroundings of B Pic significantly. The particles
gravitationally bound to 8 Pic must lie within its Hill radius in the
gravitational potential of the Galaxy, which is about 1.1 pc (Kalas
et al. 2001). To estimate the distance at which a stellar flyby sig-
nificantly influences the system’s exocomets, we employed the
concept of the ‘critical radius’ (Torres et al. 2019). Using a parti-
cle from the cloud of comets of 8 Pic with a semi-major axis
of a = 10° au and an eccentricity e = 0.9, we estimated this
radius to be d.x = 2 pc, corresponding to an impulse equal to
one-thousandth the orbital velocity of the particle at apocentre.

In Fig. 1, we show the distribution of the closest distances
(dmin) as a function of encounter times (fy,). As integration
time increases, the number of encounters decreases. The stars of
the present-day sample typically have encounters in recent times
and then move further away from g Pic. To identify additional
encounters, we would need to increase the present-day sample;
however, beyond 100 pc from the Sun, the sample completeness
across spectral types drops rapidly (Gaia Collaboration 2021b).

One might expect a time asymmetry due to S Pic’s youth
(~20 Myr), yet no such effect was observed in the full sample.
However, when examining S PMG members using the Luhman
(2024) census, more past than future encounters were found,
although none were among the closest. Indeed, none of the
closest encounters studied later on are with 8 PMG members.

3.1. Uncertainty estimation

We used a Monte Carlo method to assess uncertainties for the
closest star encounters (<6 pc) with 10 000 orbit integrations per
star. To manage computational cost, we applied a 6 pc prese-
lection cut, reducing the sample to 1005 stars. This threshold,
discussed later, balances feasibility with the risk of missing
significant close approaches.

For each of the selected stars (including 8 Pic), we gener-
ated 10000 samples (hereafter referred to as ‘clones’) from a
6D Gaussian distribution defined by GDR3 astrometric and RV
data, incorporating full covariance matrices. For each clone j of
a given star, we computed the encounter parameters with the cor-
responding j clone of 8 Pic, using the same orbital integration
method described previously. We stored the three components
of the relative Galactocentric position (X;,Y;,Z;) and velocity
(Uj, V;j, W;) with respect to 8 Pic, and their modules, as well as
the encounter time (¢;).

Figure 2 displays the medians (50" percentiles) of the
marginal distributions of encounter times () and distances
(a@*°) for these stars. As in Fig. 1, there is a noticeable clustering
of encounters near the present epoch. We identify 47 stars with
d* > 6 pc, indicating large uncertainties and highly scattered
distance distributions.

To define a high-confidence subset of encounters, we
retained only stars with >95% empirical probability (i.e. >9500
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Fig. 1. Distance versus time distribution of each close encounter of our sample of stars with 8 Pic (see Table 1). Left: full sample of 99 416 from the
GCNS catalogue. Middle: subset of 1005 within 6 pc. Right: 116 stars with a closest approach distance dy,;, < 2 pc. The members of the 8 PMG

are shown in orange.

out of 10000 clones) of passing within 2 pc. This criterion
yielded 49 stars that will encounter 8 Pic (see Table C.1). A
more detailed assessment of the 95% threshold is presented in
Sect. 3.3.2. Notably, all of these have closest-approach distances
in the single-orbit integration below 1.8 pc, validating our initial
6 pc preselection cut. In Sect. 3.2 we assess the multiplicity of
the encounters. As can be seen in the Gaia colour-magnitude
Hertzsprung-Russell diagram of the sources shown in Fig. 3,
the majority of the stars are main-sequence FGKM dwarf stars,
except the red giant GDR3 2887731882922767744, the subgiant
GDR3 6353376831270492800, the L-type brown dwarfs GDR3
5185493447310441728 and GDR3 1311454726097258368, and
the white dwarf GDR3 1193520666521113344.

To visualise the clone distribution in the (X,Y,Z, U, V, W, 1)
encounter parameter space, we computed the Mahalanobis dis-
tance of each clone relative to the overall distribution and
retained the 50% with the lowest values as the most clus-
tered subset. An example corner plot is shown in Fig. B.1. The
expected hyperbolic deviation from a straight-line path was also
estimated and found to be < 0.01 pc for most of the clones, sup-
porting the neglect of star—star interactions in the integrations.
Corner plots for all other encounters are provided at Zenodo.

Table C.1 reports the marginal 95% confidence intervals
for the scalar magnitudes of the high-confidence encounters
and their companions. For extremely close encounters, the ones
with d>3 < 0.1 pc one-sided intervals were adopted; otherwise,
two-sided intervals were used.

3.2. Binary systems

In the previous section, we have treated all the stars as single
when propagating their orbits. To account for multiplicity, we
searched for companions in the Washington Double Star Cata-
logue (WDS; Mason et al. 2001), the Multiple Star Catalogue
(MSC; Tokovinin 2018), and the wide binary candidate list from
El-Badry et al. (2021) based on GEDR3 astrometry. We iden-
tified 8 stars among our 49 close encounters as members of 5
binary systems. These cases require further scrutiny to accurately
assess their encounter parameters and the possible influence on
B Pic. Multiplicity can significantly enhance the perturbative
effect — sometimes by more than an order of magnitude —

potentially leading to outcomes such as pair disruptions, stel-
lar collisions, or member captures (Li et al. 2020; Torres et al.
2023).

For 4 of the binary systems, full astrometric and RV data
are available for both components. One additional companion,
GDR3 6377398274119547392 to GDR3 6353376831270492800,
lacks RV data. We also added to Table C.1 the companion of
GDR3 4078432504018987904, GDR3 4078432297860547072,
which as a single star has an empirical probability of less than
87% of encountering 8 Pic within 2 pc.

For binaries with complete data for both components, we
drew stellar masses for each clone from a normal distribution
defined by the reported value and its uncertainty, computed
the centre-of-mass positions and velocities, and integrated their
orbits accordingly. The resulting encounter parameters are listed
in Table 3. As with the single-star calculations, the centre-of-
mass trajectories confirm the possibility of a close encounter of
these systems with 3 Pic.

Figure 4 shows the distributions of closest-approach dis-
tances and times for the final subset, using the centres of mass
for the binary systems. As previously noted and visible in Fig. 4,
the encounter rate is highest near the present epoch and declines
steeply with time (see Sect. 3.3).

3.3. Encounter completeness

We acknowledge that our encounter catalogue (Table C.1) con-
stitutes a lower limit on the true number of close encounters
experienced by 8 Pic. As shown in Table 1, approximately one-
third of the stars currently known in the vicinity of S8 Pic lack
RV measurements, making orbital reconstruction for these stars
impossible.

Our method identifies encounters by integrating stellar orbits
and detecting passages within a critical distance of S Pic.
Given the typical relative velocities of the encounters listed in
Table C.1, a star can traverse the initial 80 pc sphere around
Pic in just a few megayears or less. Consequently, the number
of detected encounters drops sharply when looking further back-
wards or forwards in time. Beyond ~2 Myr, the stellar encounters
drop significantly — a trend clearly illustrated in Figs. 1, 2, and 4.

Expanding the search volume by increasing the initial radius
would not significantly improve this limitation. For example, of
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Fig. 2. Top: medians of the distance versus time distributions for the
1005 candidate encounters with 8 Pic that had d,;, < 6 pc, calculated
using the method described in Sect. 3.1. The horizontal red line marks
the 6 pc limit used to select these sources based on their dy,;, values
(middle panel of Fig. 1). Distributions with d*° values above this line
correspond to the 47 more distant, higher-dispersion encounters. The
horizontal green line denotes the 2 pc critical radius. The orange points
indicate the $ PMG members. Bottom: same but for the 96 sources with
d*® < 2 pc. The Hill sphere of 3 Pic is highlighted in grey. Only 49 stars
have at least a 95% empirical probability of passing within 2 pc of 8 Pic
and are considered actual encounters (highlighted in pink).

the 49 high-confidence encounters listed in Table C.1, only 7 are
presently located at distances greater than 50 pc from 8 Pic, and
all but one of these occurred outside the +0.5 Myr interval. How-
ever, the stars currently located further away would yield less
accurate encounters because of the limitations of Gaia data.

3.3.1. Expected encounter rates from stellar density

To quantify the completeness of our encounter catalogue, we
estimated the expected number of stellar encounters for differ-
ent spectral types, accounting for their distinct kinematics. The
expected number of encounters was calculated as the number
of stars passing through a cylindrical interaction volume defined
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Fig. 3. Gaia colour-magnitude Hertzsprung-Russell diagram for the
52 stars that we estimate have a close encounter with 8 Pic (see
Table C.1). The grey field sources were obtained from a Gaia query
using magnitude-over-error thresholds matching the lowest-quality
values among the encounter sources: parallax>10 mas (maximum
distance of 100 pc), parallax_over_error>58, phot_g_mean_
flux_over_ error>220, phot_bp_mean_flux_over_error>2.3,
and phot_rp_ mean_flux_over_error>23.5. Symbols are colour-
coded by spectral type.

by a cross-sectional area 7rdC2rit and a length determined by the
travel distance fvst, where vst is the characteristic encounter
velocity for a given spectral type and ¢ is the time interval con-
sidered. The expected number of encounters is given by N =
ST 7rdC2rit tvst ns, (Binney & Tremaine 2011), where ng1 is
the number density of stars of a given spectral type. The charac-

2 2
Ugp s T s

(Torres et al. 2019), where vgp, s 1. is the relative velocity of 8 Pic
with respect to the mean for stars of that spectral type, and o, is
the corresponding velocity dispersion. We adopted solar-relative
velocities from Mihalas & Binney (1981), transformed into 8
Pic’s reference frame, and used stellar densities and velocity
dispersions from Torres et al. (2019).

If we apply this method over the 3.5 Myr span between the
earliest and the latest encounter, we find an expected total of 160
encounters — over five times the number actually identified (49).
However, restricting the analysis to the better-sampled +0.5 Myr
interval, we find 30 encounters identified versus 46 expected,
indicating a shortfall of ~35%. This incompleteness is consistent
with the ~38% of stars in the GCNS sample lacking RVs, sug-
gesting that our encounter recovery rate is broadly in line with
the observational limitations.

teristic encounter velocity is defined as vs =

3.3.2. The 95% probability threshold

We conducted a self-consistency check to evaluate the impact
of our 95% confidence cut. Since we calculated the empirical
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Table 3. Encounter parameters of the centres of mass of the binary systems in which at least one member is among the 49 stars with a 95%
empirical probability of having a close encounter with S Pic.

WDS name Gaia DR3 ID, Gaia DR3 ID, Enc. time (Myr) Enc. distance (pc) Projected
120 [1%3, 73] d*  [d*°,d”>] separation (au)
J03572-4413  4841460279069516672  4841460210350512768 -1.43 [-1.46,-1.39] 0.81 [0.19, 1.55] 934
J13237+0243  3712538811193759744  3712538708114516736 -0.65 [-0.66,-0.63] 0.92 [0.75, 1.15] 434
J05055-5728 4763897739549071744  4763906879239461632 -0.45 [-0.49,-0.41] 0.80 [0.64,0.95] 3760
- 4078432504018987904  4078432297860547072  0.83 [0.82, 0.84] 153 [1.29, 1.91] 1584

Notes. The system names were taken from the WDS catalogue (Mason et al. 2001). For the group with no designated name, the association was
identified in El-Badry et al. (2021). The fourth and fifth groups of columns represent the encounter times and encounter distances, and the last
column provides the projected separation of the two components of the system at the present time.
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Fig. 4. Distance versus time distributions for the 49 encounters with 8 Pic that have an empirical probability of at least 95% of occurring within
2 pc. The coloured points indicate the rescaled Mahalanobis distances (ensuring a common colour scale for all stars) derived from the encounter
parameters. Points above the 95 percentile of this metric are shown in grey. The black bars represent the 95% confidence intervals in time and
distance, obtained from the 2.5™ and 97.5™ percentiles of the corresponding marginal distributions for the further encounters and using the 95™
percentile to define the one-tailed distance interval for the closest ones. The central points are the 50" percentiles. The critical radius of 2 pc is
indicated by the red horizontal line. The centres of mass of binary systems, listed in Table 3, are marked at the pair [°°, d*°] corresponding to that
star.

probability of each star coming within 2 pc of 8 Pic, summing
these probabilities yields the expected number of such close
passages over the whole statistical ensemble.

As an example, four stars with probabilities of 2%, 20%,
80%, and 98% contribute a total of two expected encounters.
Keeping all four with a low threshold (e.g. 1%) increases com-
pleteness but risks false positives; a stricter threshold (e.g. 99%)
improves reliability but may exclude real events. The objective
is to strike a balance between completeness and robustness, and
we therefore adopted a 95% threshold in this work.

By summing only those probabilities above various thresh-
olds, we estimated how many real passages are expected at each
confidence level. These results are shown in Fig. 5, alongside the
stellar-density-based estimates. We applied this analysis for both
the full sample and the +0.5 Myr interval around the present,
where the dataset is more complete.

Overall, our catalogue captures over 40% of the expected
close approaches across the full 3.5 Myr, and more than 70%
within +0.5Myr. Future Gaia data releases are expected to
improve this by adding both new sources and better-quality RVs.
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Fig. 5. Expected number of stars undergoing a close encounter with
B Pic (within 2 pc) as a function of the minimum encounter proba-
bility threshold. Top: entire time interval studied (~3.5 Myr). Bottom:
most complete portion of the dataset, within the interval 0.5 Myr. The
orange lines mark the 95% probability threshold adopted in this work.
At this threshold, the expected number of encounters is 49 over 3.5 Myr
and 30 in the +£0.5 Myr interval. The red line indicates the independent
estimate obtained from the stellar-density-based calculation, yielding
46 encounters in the +£0.5 Myr interval. The total number of expected
encounters from our data — corresponding to a 0% probability threshold
—1is 117 for the full sample and 42 for the £0.5 Myr interval.

Currently, RV uncertainties are, on average, ten times larger than
those of tangential velocities derived from astrometry, indicating
room for improvement in both RV quantity and quality.

4. Comparison with Kalas et al. (2001)

The first systematic search for stellar encounters with g Pic was
carried out by Kalas et al. (2001), who used astrometric data
from the HIPPARCOS catalogue (Perryman et al. 1997) and RVs
from Barbier-Brossat & Figon (2000). By propagating linear
trajectories for a sample of 21497 stars, they identified 18 can-
didates that passed within 5 pc of S8 Pic over the past 1 Myr. In
contrast, our study using Gaia data reveals 146 in the same time
span and distance range — nearly an order of magnitude more.
This increase reflects both the superior precision and improved
completeness of the Gaia dataset. Nonetheless, based on stellar
density estimates, that sample is only 50% complete (see Fig. 5).
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To directly compare our results with those of Kalas et al.
(2001), we computed the 1o confidence intervals for the time
and distance of closest approach using the limits that enclose the
39.35% clones with the lower Mahalanobis distance to the dis-
tribution. For the relative velocities at closest approach, we used
the 68.27% confidence interval, defined by the 15.87™ and the
84.14'" percentiles of the marginal velocity distributions. These
values are reported in Table 4 for the 17 stars from Kalas et al.
(2001) for which Gaia astrometric solutions are available.

One star from the original sample, HIP 93506 (GDR3
6760703042771435136), is absent from our catalogue due to
the lack of Gaia astrometry. Additionally, HIP 22122, HIP
31711, HIP 89042, and HIP 114996 are not present in the
HIPPARCOS—Gaia crossmatch tables, likely due to low-quality
HIPPARCOS astrometric solutions that prevented a robust identi-
fication with Gaia. For these objects, we adopted the SIMBAD
identification.

Among the 49 encounters listed in Table C.1, only 5 over-
lap with those from Kalas et al. (2001). It is important to
note that Kalas et al. (2001) used a cutoff of 5 pc. They
reported 6 stars that have a passage closer than 2 pc with g Pic.
Applying our 95% confidence criterion excludes HIP 114996
(GDR3 6492406743706907776), while Kalas et al. (2001) also
identified HIP 29958 (GDR3 2993676867708999296) and HIP
38908 (GDR3 5291028181119851776) as having close encounters
within 2 pc — cases not supported by our results.

A search in SIMBAD reveals that the Kalas et al. (2001)
candidates HIP 19921, HIP 23693, HIP 29568, and HIP 38908
belong to multiple systems. Unresolved multiplicity can dis-
tort the astrometry reported in the HIPPARCOS catalogue, likely
contributing to inaccuracies in the derived stellar trajectories.

5. Summary and conclusions

We have compiled the most comprehensive catalogue to date
of stellar encounters with 8 Pic by reconstructing the orbits of
nearly 100 000 nearby stars using GDR3 astrometry and RV data
from Gaia and other major spectroscopic surveys. From this
dataset, we identified 49 stars (Table C.1) that either have passed
or will pass within 2 pc of B Pic, each with a probability greater
than 95%, based on Monte Carlo orbital propagations. Based on
stellar density estimates, we assess our sample to be about 65%
complete within the time interval +0.5 Myr. Notably, despite 8
Pic being the eponym of its famous moving group, none of these
encounters involved SPMG members; all were with unrelated
field stars.

Among the 49 encounters, we identified 41 single stars
and 8 members of 5 binary systems. Four of these sys-
tems (WDS J03572-4413, WDS J13237+0243, WDS J05055-
5728, and the pair GDR3 4078432504018987904/GDR3
4078432297860547072) seem to have coherent centre-of-mass
trajectories, suggesting a genuine close encounter with S Pic.
Multiplicity in stellar perturbers can enhance their gravitational
influence, highlighting the need for sophisticated dynamical
treatments.

Although GDR3 1311454726097258368 passes closest to 3
Pic (0.442 pe), its relatively low mass (0.07 M) and high veloc-
ity (62.16 km s~') make its perturbation negligible, insufficient to
shape the 8 Pic disc or account for its observed features. The stel-
lar encounters we identify are therefore expected to affect only
the distant outskirts of the system; the disc structures revealed by
JWST imaging (Rebollido et al. 2024) are more likely the result
of internal dynamical processes (e.g. Beust et al. 2024).
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Table 4. Comparison of encounter parameters with those reported by Kalas et al. (2001).

HIPPARCOS Gaia DR3 ID Encounter time (Myr) Encounter distance (pc)  Encounter velocity (km s7h
ID Kalas et al. This work  Kalas etal.  This work Kalas et al. This work
10798 5117974602912370432 -0.31 8f8:8}§ —O.346f8:88; 1.881’8% 1.271’83% 428+1.3 402+ 04
17378 5164120762333028736 —0.295f8:8%; —0.320f8:88§ 3.96f8:jﬁ 3.94f8:8; 479+ 1.5 45.0+0.5
19893 4781833626056162688  —0.0317003  —0.024*0016 4941019 502709 134+ 14 148+0.8
19921 46786647663938295047 0.1 19f8:8(1)§ —0.101f8:88§ 3.74f8:§; 4.19f8;§; 28.6+0.6 29.8+£0.3
22122 47848050562305873927 —0.034’:8:882 —0.034’:8:88} 2.76f8:?§’ 2.74f8:8§ 62.7+1.5 62.3+£0.2
23693 4763906879239461632 ' —O.356f8;8§g —0.447’:8:8%8 0.92f8:}g 0.78f8:8§ 21.6+£1.5 18.0+£0.5
25544 4759543295545939840 —0.116f8jggg —0.123f8j88§ 1.49f8:§g 1.26f8:8§ 255+0.9 245+0.2
27628 2887731882922767744 —0.107f8:8£ —0.108f8:88§ 0.58f8f} 0.75f8;§; 83.9+2.1 87.0+1.3
29568 2913411183149615744 —0.693f8:83‘7‘ —0.743f8:8§2 2.95f8§2 4.93f8§§ 11.6 £ 0.5 10.1 £0.2
29958 2993676867708999296 —0.198f8:8§§ —0.177f8:88§ 1.00:2):28 3.27f8:§(1) 102.1 £ 5.6 97.4+0.8
31711 5479778765278589568 —0.189ﬁ8:8§2 _0'175i8:83<75 3.97ﬁ8§? 4.05f8;{§ 146+14 17.5+1.2
37504 5263150888430619904 —O.643f8:8§§ —0.669’:8:8%% 4.593&3% 4.20f8:§g 37.6 £ 1.5 405+04
38908 5291028181119851776 ! —0.140f8:888 —0.134’:8:88% 1.971’8:23 2.87f8:§i 49.5+0.8 48.1 £0.2
83990 5914096303621755520 —0.304f8:8%§ —0.323’:8:882 3.92f}:%2 4.15f8:§% 604 +1.5 57.0+04
89042 66340327405442360322 —0.397t8;8§2 —0.408’:8:88§ 2.29“_’(1):% 4.38“_’83} 50.6 + 1.6 483+0.3
114996 6492406743706907776 > —0.596’j8:8‘3§ —0.606’:8:822 3.94133 12.31’:}:22 29.3+0.8 22.7+£0.7
116250 6353376831270492800 —0.884f8i823 —0.853’:8;83 2.79ff:gg 1.38f8% 229+ 1.7 23.9+0.3

Notes. The first two columns list the HIPPARCOS IDs and the corresponding GDR3 IDs. To compare with Kalas et al. (2001) results, we computed
time-distance uncertainties as the limits of the 2D 1o~ contours (39.35%), based on Mahalanobis distances. Velocity uncertainties are given as 1o
intervals of the marginal distributions (13.6"-86.4" percentiles). The full table is available on Zenodo. (” According to SIMBAD, this star belongs
to a binary or multiple system. P This HIPPARCOS-Gaia identification was taken from SIMBAD, as it is not present in the Gaia Archive crossmatch

tables.

This work is limited by the initial data used, particularly
the RVs. One-third of our sample near 8 Pic lacks known RVs,
and RV errors are typically ten times larger than those in tan-
gential velocities derived from proper motions and parallaxes.
We expect future Gaia data releases to increase the number of
stars with available RVs. While planet-hunting RV surveys offer
higher accuracy, they are only available for a small subset of
stars compared to the Gaia catalogues, and the heterogeneity of
sources complicates their systematic use.

Future work should incorporate detailed N-body simula-
tions (that include binary perturbers) and high particle counts;
this will allow stronger statistical conclusions to be drawn. The
encounter catalogue presented here provides a robust foundation
for future dynamical studies of 8 Pic and, more generally, of how
stellar encounters shape the architecture of planetary systems.

Data availability

The data underlying this article are available on Zen-
odo through the following records: sources with RV data
within 80 pc of B Pic, the encounter parameters table, the
encounter parameters corner plots, and the comparison with
Kalas et al. (2001).
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Appendix A: TOPCAT queries

To select the sphere around S Pic, we used the heliocentric positions of each star, r,, and S Pic, rgp, to check whether the distance is

less than 80 pc, ((ry — rgp)* < (80 pe)?):

dotProduct (subtract(astromXYZ(RA_ICRS, DE_ICRS, Plx), astromXYZ(BP_RA, BP_DEC, BP_Plx)),
subtract(astromXYZ(RA_ICRS, DE_ICRS, Plx), astromXYZ(BP_RA, BP_DEC, BP_Plx))) < 80%*80

Here the function astromXYZ calculates the Cartesian components of the position in parsecs from right ascension and dec-
lination (in degrees) and parallax (in milliarcseconds) and BP_RA =86.8212345201 deg, BP_DEC=-51.0661362578 deg and
BP_P1x=286.8212345201 mas, the coordinates of 3 Pic.

To select GDR3 RV data over GCNS, we used the error value as an indicator of data availability:

RV_.o = eRV_dr3 > 0 ? RV_dr3 : RV_GCNS # Radial velocity
eRV_o = eRV_dr3 > 0 ? eRV_dr3 : eRV_GCNS # Radial velocity uncertainty
r_RV_o = eRV_dr3 > 0 ? "GDR3" : r_RV_GCNS # Radial velocity reference

To select the data from the survey with the smallest error:

RV_o = (eRV_i < eRV_a) | !(eRV_a > ®) ? RV_i : RV_a
eRV_o = (eRV_i < eRV_a) | !(eRV_a > 0) ? eRV_i : eRV_a
r RV.o = (eRV_i < eRV_a) | !(eRV_a > 0) ? r_RV_i : "ALTERNATIVE_SURVEY_NAME"

Here, the subscript ‘_i’ refers to the input survey, ‘_a’ to the alternative survey whose error is being compared, and ‘_o’ to the
resulting parameters.

Appendix B: Clone set example

This appendix presents an example outcome of the orbital integrations: the clone distribution of relative positions, velocities, and
encounter times for GDR3 5038817840251308288 with g Pic. The corresponding corner plot is shown in Fig. B.1. Corner plots for
the remaining high-confidence encounters, as well as for the centres of mass of the binary systems, are available at Zenodo.

Gaia DR3 5038817840251308288
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Fig. B.1: Encounter parameters (X, Y, Z, U, V, W, ) of the clones of GDR3 5038817840251308288 relative to 8 Pic. The 50% most clustered clones,
selected using the Mahalanobis distance, are highlighted. The values above the histograms indicate the median (x*°) and the 95% confidence
interval [x>3, x”73].
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Appendix C: Encounter parameter table

Table C.1: Encounter parameters of the 49 stars with a 95% empirical probability of having a close encounter with 8 Pic (d < 2 pc), or their
companions, treating all sources as single.

. . . —1
Gaia DR3 ID Spectral Mass Enc. Time [Myr] Enc. Distance [pc] Enc. Velocity [km s™']

Type [MO] t50 [12'5, l97'5] dSO [d2.5’ d97'5]|[0, d95] USO [02.5, U97.5]
4841460210350512768 K 0.75 -1428 [-1.469,-1.390] 0.596 [0.194, 1.196] 42.52  [41.39, 43.63]
4841460279069516672 F8V 1.05 -1423 [-1.458,-1.389] 1.091 [0.358, 1.840] 42.59 [41.64, 43.54]
6034774508013700992 K 0.67 -1.034 [-1.058,-1.011] 1.083 [0.827, 1.696] 48.78 [47.69, 49.87]

6353376831270492800/2 G2IV-V ~ 1.12 -0.853 [-0.877,-0.829] 1.323 [0.988, 2.075] 23.92 [23.35,24.49]
3712538811193759744 K2V 0.83 -0.655 [-0.672,-0.638] 1.070 [0.897, 1.283] 43.54 [42.65, 44.44]
3712538708114516736 GYV 0.87 -0.641 [-0.658,-0.625] 0.813 [0.611, 1.178] 44.49 [43.55,45.43]
3173680600645518848 M4V 042 -0.538 [-0.555,-0.521] 1.684 [1.537, 1.991] 28.86  [28.02, 29.78]
4763897739549071744 K7v 0.58 -0.450 [-0.497,-0.410] 0.838 [0.686, 0.989] 17.87  [16.66, 19.09]

47639068792394616327:2  F9V 1.13  -0.447 [-0.488,-0.408] 0.783 [0.621, 0.941] 18.02  [17.00, 19.09]
5850123968410499200 K 0.63 -0.438 [-0.444,-0.433] 1.622 [1.443, 2.058] 64.60 [63.81, 65.39]
6453242173886773376 M 0.26 -0.415 [-0.427,-0.405] 1.351 [0.979, 2.079] 53.69 [52.35, 55.05]

2898608526823037184 M3.5 0.38 -0.384 [-0.400, -0.368] 0.446 [ 0 1121] 30.83  [29.57,32.17]
51179746029123704322  G8V 093 -0.346 [-0.360,-0.333] 1.275 [0.845, 1.693] 40.15 [39.39, 40.92]

5796958595407301632 M 016 -0.338 [-0.358,-0.318] 0.878 [0.541, 2.196] 7241 [68.17,76.94]
6370513647703084544 GOV 090 -0.326 [-0.330,-0.323] 1.300 [1.175, 1.645] 52.28 [51.78, 52.79]
5296211588171838720 M 0.21 -0.289 [-0.315,-0.267] 0.595 [0.459, 0.967] 59.31 [54.65, 63.89]
5540934254857896192 M 0.34 -0.223 [-0.229,-0.218] 0.776 [0.674, 0.989] 76.04 [74.83, 77.25]

2954555801611979648 M5.5V 0.13  -0.201 [-0.208, -0.194] 0.809 [0.347, 1.559] 3712 [36.65, 37.61]
47595432955459398402 G5V 091 -0.123 [-0.128,-0.118] 1.238 [1.146, 1.473] 2451 [24.21,24.82]
28877318829227677442  KIIII 1.70 -0.108 [-0.118,-0.099] 0.666 [0.487, 1.384] 87.00 [84.46, 89.47]

4768702571002262912 M2 0.48 -0.037 [-0.047,-0.028] 0.881 [0.759, 1.124] 44.60 [43.77,45.44]
4767716893186840320 M 0.32 -0.016 [-0.017,-0.015] 1.258 [0.914, 1.720] 74.20 [73.95, 74.47]
4794632903476180096 K7v 0.64 0.020 [0.017, 0.023] 1.218 [0.637, 1.781] 38.99 [38.71, 39.30]
5553110654636730496 Ml 0.51 0.022 [0.001, 0.043] 1.313 [1.198, 1.498] 20.77  [19.86, 21.70]
4803556711646531840 M 0.29 0.052 [ 0.047, 0.057] 0.766 [0.363, 1.261] 58.46 [57.70, 59.25]
4757687388639045504 M4.5 017 0127 [0.118, 0.136] 1.099 [0.737, 1.568] 3212 [31.49, 32.81]
5185493447310441728 L3 0.15 0.155 [0.150, 0.159] 0.859 [0.740, 1.011] 107.5 [106.5, 108.5]
5493588665684618752 G6.5V 094 0.221 [0.217, 0.226] 1.393 [0.936, 1.939] 2743 [27.07, 27.82]
3441134536361404928 M3 043 0280 [0.278, 0.283] 0.927 [0.686, 1.496] 146.8  [146.1, 147.4]

3007559370624135424 M3V 0.27 0309 [0.301, 0.317] 1.632 [1.414, 2.006] 44.49 [43.87,45.11]
2313022171603701888 M3V 032 0313 [0.305, 0.322] 1.616 [1.401, 1.988] 57773 [56.89, 58.59]
2460983348274381696 M2V 037 0349 [0.341, 0.357] 1.252 [0.910, 1.705] 53.50 [52.83,54.17]

4670295730560582784 M 0.31 0370 [0.345, 0.400] 1.654 [1.484,2.095] 200.3 [186.1,214.4]
5856411869205581568 K1V 0.82 0446 [0.431, 0.461] 1.148 [0.781, 1.631] 3210 [31.48,32.72]
4817064138977294592 M 049 0455 [0.433, 0479] 1374 [1.168, 1.610] 34.06 [32.82,35.34]
2946531325238075776 M 0.24 0477 [0.450, 0.508] 1.348 [0.993, 2.061] 49.52  [46.60, 52.42]
4525711600783788160 MS5.5 012 0495 [0474, 0.517] 1.273 [0.941, 1.696] 70.17  [67.28,73.01]
6413811006857073536 Ml 0.59 0524 [0.517, 0.532] 1.549 [1.363, 1.953] 45.77 [45.18, 46.35]
1311454726097258368 L3 0.07 0.726 [ 0.704, 0.748] 0.442 [ 0,1.021] 62.16 [61.14, 63.18]
2940796611884222208 KO 0.81 0.805 [0.777, 0.833] 1.424 [1.139, 1.970] 27.64 [26.84,28.47]
40784325040189879047  G3/5V 1.05 0.827 [0.817, 0.836] 1.558 [1.344, 1.852] 83.09 [82.34, 83.84]
4078432297860547072 13 K 0.70  0.837 [0.829, 0.845] 1.669 [1.285,2.261] 82.17 [81.54, 82.81]

3864615459886222464 M4V 0.27 0.855 [0.817, 0.897] 1.769 [1.508, 2.030] 23.29 [22.40,24.17]
6758141249403594112 G8/KOV  0.86 0.947 [ 0.930, 0.965] 0.573 [0.244, 1.347] 48.76  [47.96, 49.56]

1193520666521113344 Dz 0.56 1.043 [ 1.005, 1.083] 0.618 [0.317, 1.021] 33.48 [32.36, 34.58]
5038817840251308288 7 KOV 092 1076 [ 1.039, 1.115] 0.692 [0.220, 1.720] 16.29 [15.76, 16.82]
1028306773725676672 M 014 1304 [ 1270, 1.342] 0.479 [ 0, 1.274] 35.92  [34.94, 36.88]
6394330650108004992 M3V 0.54 1362 [ 1.314, 1.413] 1.097 [0.679, 2.005] 14.86 [14.35, 15.37]
4776148635544170752 M 0.25 1441 [ 1.229, 1.740] 0.866 [0.482, 1.306] 39.01 [32.36,45.61]
1592423313280131200 M 034 1.821 [ 1.768, 1.878] 1.114 [0.594, 1.661] 31.42  [30.50, 32.30]

Notes. Columns list the GDR3 ID, spectral type, stellar mass, and the encounter parameters (time, distance, and velocity at pericentre). Values are
given as confidence intervals: x*° and [x>3, x”7] for x € {t,d, v}, and [0, d°°] for extremely close encounters. This table is available in Zenodo.
(OMultiple systems (see Table 3). @Reported by Kalas et al. (2001, see our Table 4). ®This star forms a binary system with GDR3
4078432504018987904.
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