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Abstract. I present preliminary results of searching for close stellar encounters with the Sun
using the first Gaia data release. Gl 710 is found to be a much closer encounter than found in pre-
TGAS studies. More detailed results will be reported in an upcoming publication (Bailer-Jones
2017, in preparation).
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1. Introduction
Ever since we’ve been able to measure three-dimensional stellar space velocities, people

have wanted to identify stars which have – or which will – come close to the solar system.
One motivation is to study the effect of encounters on the Oort cloud, as it is understood
that the gravitational perturbations of passing stars is partially responsible for generating
the long-period comets. Many searches for close encounters have been published over the
past decades, may using Hipparcos (e.g. Garćıa-Sánchez et al. 1999, 2001; Dybczyński
2006; Bailer-Jones 2015; Dybczyński & Berski 2015; Bobylev 2010a,b; Mamajek et al.
2015; Berski & Dybczyński 2016). Here I report on preliminary results from an on-going
study of encounters found using the Gaia data. A more detailed and updated report will
appear in a forthcoming publication (Bailer-Jones 2017, in preparation).

2. Method
TGAS astrometry (Lindegren et al. 2016) from Gaia Data Release 1 (Gaia Collabora-

tion et al. 2016) was cross-matched with various radial velocity (RV) catalogues which
claim measurement precisions better of around 2 km s−1 or better (in particular RAVE-
DR5, Kunder et al. 2017). This yielded a set of about 300 000 objects with complete
6D phase space information (3D position and 3D velocity). Note that a given star can
appear in more than one RV catalogue, so the number of (what I call) objects is larger
than the number of (unique) stars. Using the linear motion approximation (LMA; i.e.
motion neglecting gravity; see Bailer-Jones 2015), I first computed the time and distance
at which each object encounters the Sun (perihelion). 709 objects have perihelia less than
10 pc. The distribution of their data and the corresponding standard uncertainties are
shown in Figure 1.

I then integrated the orbits of these 709 objects in a Galactic potential in order to
compute more accurate perihelia (same model as in Bailer-Jones 2015). By resampling
the data for each object and integrating the orbits for all of the resulting surrogates, we
properly characterize the (generally asymmetric) distribution in the perihelion distance,
time, and speed. I summarize each distribution using the median and the 90% equal-
tailed confidence interval (CI). When doing this resampling it is vital to take into account
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Figure 1. Distribution of the parallax, proper motion, and radial velocity, plus their standard
uncertainties, for the 709 objects.
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Figure 2. Distribution of the correlations between the astrometric measurements for the 709
objects.

the correlations between the different astrometric parameters for individual objects (as
reported in the TGAS catalogue), as these can be very high (see Figure 2).

This procedure does not, of course, find all encounters in my input catalogue which
come within 10 pc, as the initial LMA-selection it not guaranteed to include all objects
which, when properly integrated, would come within 10 pc. Yet the LMA turns out to be
a good approximation for most stars (the potential deflects paths little over timescales
of a few Myr), so this approach is adequate for identifying encounters which come much
closer than 10 pc.
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Figure 3. The closest stellar encounters to the Sun found by orbital integration in this study.
The open circles show the median of the distribution and the (asymmetric) error bars show the
90% equal-tailed confidence intervals. This shows objects, not unique stars, so includes some
duplicates. The closest encountering star is Gl 710.

Figure 4. Comparison between object encounters found in this study from TGAS (left) with
those found in Bailer-Jones (2015) based on Hipparcos data.

3. Results
The perihelion times and distances for the closest encounters found by the orbital inte-

gration are shown in Figure 3. This includes some duplicate stars. The closest encounter
is Gl 710. This has been known for some time to be a close encounter: most previous stud-
ies have found it. Based on Hipparcos-2 data and a radial velocity of −13.8± 0.3 km s−1 ,
I found a median encounter distance of 0.26 pc (90% CI 0.10–0.44 pc) (from Bailer-Jones
(2015) and its online supplement). TGAS, however, assigns this star a much smaller
proper motion: 0.50± 0.16 mas yr−1 as opposed to 1.8± 1.2 mas yr−1 in Hipparcos-2 (the
parallax is the same to within 2%). Using the same radial velocity, my orbital integration
now gives a median perihelion distance of 0.08 pc (90% CI 0.05–0.10 pc), equivalently
16 000 AU (90% CI 10 000–21 000 AU).

Berski & Dybczyński (2016) – who, unsurprisingly, found a very similar perihelion
based on the same data and similar method – went on to explore the impact this stars
would have on the Oort cloud. Although this close approach would take Gl 710 well
within the Oort cloud – and its relative velocity at encounter is low (14 km s−1) – it is a
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low mass (around 0.6 M�) K7 dwarf, so its perturbing influence could be less than more
distant but more massive encounters.

In my Hipparcos-based study (Bailer-Jones 2015) I found many more close encounters,
as can be seen in Figure 4. As discussed in that paper, some of these encounters had
dubious astrometric or radial velocity data, and I stressed that one should not blindly
use Table 3 as a reliable list. Unfortunately, many of these interesting cases are not in
TGAS, primarily because they are too bright (the TGAS bright limit is about G = 6 mag)
or because there have not yet been enough observations to permit a reliable astrometric
solution. This lack of bright stars probably explains why, in the present TGAS study, we
see far fewer objects which are currently near perihelion (i.e. with tph near to zero in the
left panel of Figure 4) compared to the Hipparcos-based study.

It must also be emphasised that the decrease in the number of encounters at larger
absolute perihelion times is in part an observational selection effect due to the limiting
magnitude of the survey (Hipparcos or TGAS). More distant stars will, in general, have
encounters further in the past or present, and these stars are currently fainter and so less
likely to be observed. However, some of this decrease in density at large times is, somewhat
counter-intuitively, a consequence of the intrinsic spatial and velocity distribution of stars.
Such effects are discussed in more detail in the upcoming publication, which also gives
an incompleteness-corrected estimate of the current encounter rate.

4. Conclusions
A wide-ranging search for close stellar encounters with the solar system can only be

done using large, precise, deep astrometric surveys. Gaia is a huge step forward. Although
the first data release is limited, it has already allowed us to extend the list of close
encounters and improve the precision for known encounters. TGAS is nonetheless limited
not only by its depth, but also its complex selection function and bright limit. All of these
issues will be addressed by future Gaia data releases. We are, however, already moving
into a regime where our studies are limited not by the availability of astrometry, but by
the availability of sufficiently accurate radial velocities.
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