Tracking the interstellar object 'Oumuamua
to its home
25 September 2018
Jones has managed to back-track 'Oumuamua's
motion and to identify four candidate stars where
the interstellar object could have originated. Earlier
studies had attempted similar reconstructions of
'Oumuamua's origin, but had not come up with
plausible candidates.
A crucial new ingredient

Artist’s impression oft he interstellar object
‘Oumuamua. The object is either elongated as in this
image, or else shaped like a pancake. Credit: ESO/M.
Kornmesser

A team of astronomers led by Coryn Bailer-Jones
of the Max Planck Institute for Astronomy has
tracked the interstellar object 'Oumuamua to
several possible home stars. The object was
discovered in late 2017 – this was the first time
astronomers have been able to observe an
astronomical object from another star system
visiting our own Solar System. Bailer-Jones and
his colleagues used data from the ESA astrometry
satellite Gaia to find four plausible stars where
'Oumuamua could have begun its long journey,
more than a million years ago.

These earlier studies were missing a crucial
ingredient: in June 2018, a group led by ESA
astronomer Marco Micheli had shown that
'Oumuamua's orbit within the Solar System is not
that of an object in free fall, that is, of an object
moving exclusively under the influence of gravity.
Instead, there was some additional acceleration
when the object was close to the Sun. The likely
explanation is that 'Oumuamua has some similarity
to a comet – with ice that, when sufficiently heated
by sunlight, produces gas that will in turn accelerate
the source object like an exceedingly weak rocket
engine. Although weak—the outgassing was not
visible on images like it is with comets close to the
Sun—it is too large to be ignored when backtracking the orbit.
The new study by Bailer-Jones and colleagues
takes into account how 'Oumuamua's orbit has
changed as the object passed close to the Sun,
giving the astronomers a precise estimate of the
direction the object came from originally, as well as
the speed at which it entered our Solar System.
Leveraging Gaia's treasure trove of data

The discovery of the interstellar object now known
as 'Oumuamua in October 2017 was a premiere:
for the first time, astronomers were able to visit an
interstellar object visiting our Solar System.
Unfortunately, the visitor was caught only as it was
leaving, but astronomers were still able to use
ground-based and space telescopes to measure
the object's motion.
Now, a group of astronomers led by Coryn Bailer-

That might take care of how 'Oumuamua entered
the solar system, but what about the stars it
encountered on the way, and their combined
gravity that will have influenced the object's
trajectory? For this part of the reconstruction, BailerJones made use of a treasure trove of data that
ESA's Gaia mission released just this April, Gaia's
Data Release 2 (DR2). As leader of one of the
groups in charge of preparing Gaia data for use by
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the scientific community, Bailer-Jones is very much
familiar with this particular data set. In particular,
DR2 includes precise information about positions,
on-sky motion, and parallax (as a measure of
distance), for 1.3 billion stars. For seven million of
those, there is also information about the star's
radial velocity, that is, its motion directly away from
or towards us. Using the astronomical data base
Simbad, the astronomers included a further 220
000 stars in their study, for which radial velocity is
available only from the Simbad data base.

comparatively large relative speed (around 25 km/s)
makes it less probable for this to be 'Oumuamua's
home.
The next candidate, HD 292249, is similar to our
Sun, was a little bit less close to the object's
trajectory 3.8 million years ago, but with a smaller
relative speed of 10 km/s. The two additional
candidates met 'Oumuamua 1.1 and 6.3 million
years ago, respectively, at intermediate speeds and
distances. These stars have been previously
catalogued by other surveys, but little is known
about them.

Next, the astronomers looked at an approximate
track-back: a simplified scenario in which both
'Oumuamua and all the stars move along straight Further directions
lines, at constant speeds. From this scenario, they
selected about 4500 stars that were promising
While these four are plausible candidates, the
candidates for a closer encounter with 'Oumuamua. smoking gun is still missing. In order to eject
Then came the next step: Tracing the past motions 'Oumuamua at the observed speeds, the home
for these candidates, and for 'Oumuamua using a system would have needed to feature a suitable
smoothed-out version of the gravitational influence giant planet that could slingshot 'Oumuamua into
of all the matter in our home galaxy (the "smoothed- the depths of space. So far, no such planet has
out galactic potential").
been detected around those stars – but since none
of the stars have been examined closely for planets
so far, that could well change in the future.
Looking for candidate homes

Various studies had already suggested that
The study is also limited by the limited number of
'Oumuamua was ejected from its home star's
radial velocities included in Gaia's second data
planetary system during the planet formation
release. Gaia's third released, envisioned for 2021,
phase, when there were many small-sized objects should provide such data for a sample of stars ten
("planetesimals") flying around which interact with times larger, which might lead to the identification
giant planets in the system. The object's home star of additional candidates. The search for
is likely to have two key properties: tracing back
'Oumuamua's home continues. The study
'Oumuamua's orbit will lead us directly back to, or presented here presents interesting candidates, but
at least very close to, the home star. In addition, the we haven't quite followed our interstellar visitor
relative speed of 'Oumuamua and its home star is home all the way, yet.
likely to be comparatively slow – objects are
typically not ejected from their home systems at
The work described here is accepted for publication
large speeds.
in the Astrophysical Journal as Bailer-Jones et al.
2018, "Plausible home stars of the interstellar
Bailer-Jones and his colleagues found four stars
object 'Oumuamua found in GaiaDR2."
that are possible candidates for 'Oumuamua's
home world. All four of them are dwarf stars. The
More information: Plausible home stars of the
one that came closest to 'Oumuamua, at least
interstellar object 'Oumuamua found in Gaia DR2,
about one million year ago, is the reddish dwarf star arXiv:1809.09009 [astro-ph.EP]
HIP 3757. It approached within about 1.96 lightarxiv.org/abs/1809.09009
years. Given the uncertainties unaccounted for in
this reconstruction, that is close enough for
'Oumuamua to have originated from its planetary
system (if the star has one). However, the
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