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Abstract

‘Oumuamua is the first astronomical object known to
science to have entered the Solar System from the in-
terstellar space, having been ejected from its original
planetary system. Using the Gemini North telescope
in Hawaii, our team obtained the most detailed photo-
metric characterization of this unique body. A com-
bined ultra-deep image shows no signs of cometary
activity, implying that the body is physically an aster-
oid, and an accurate light curve reveals an enormous
range of brightness variation, suggesting a highly elon-
gated shape. We also discovered that ‘Oumuamua is a
non-principal-axis (or tumbling) rotation state, which
is consistent with an ancient collision that occurred in
the body’s home planetary system.

1. Introduction
‘Oumuamua is the long-awaited first bridge between
extrasolar planetary systems and our own Solar Sys-
tem. The body was discovered with the Pan-STARRS
telescope on 19 October 2017 UT and became inten-
sively observed nearly immediately after. The visit of
‘Oumuamua was hardly a surprise, though. That is be-
cause almost all the original small Solar System bodies
have been lost to the interstellar space as a result of dy-
namical perturbations, and thus free-floating minor ob-
jects ejected from other planetary systems should also
be abundant.

2. Observations
Our the team was awarded 12 hr of observation time on
the Gemini North telescope in Hawaii — the longest
run ever allocated to observations of ‘Oumuamua on
a telescope of this class. On 27 and 28 October 2017
UT, we obtained over 400 images suitable for accurate
time-resolved photometry, having an effective integra-
tion time of 3.58 hr and spanning a total of 8.06 hr [1].

Figure 1: Deep stack of the r′-band imaging time se-
ries of ‘Oumuamua. The negative images of the tar-
get to the left and right of the positive image are ar-
tifacts produced by our background subtraction algo-
rithm and do not affect the photometry. The presented
region is 1.0 × 1.0 arcmin. North is to the top and
east is to the left. Despite having a very high surface
brightness sensitivity of 28.2 mag arcsec−2 measured
in a 1 arcsec2 region, the image does not show any
signs of cometary activity.

3. Results
A combined ultra-deep image of ‘Oumuamua (Fig. 1)
shows no signs of cometary activity, providing the
most stringent limit to ice sublimation and the most
compelling evidence that the object is physically an
asteroid. This means that — contrary to general ex-
pectations — interstellar minor bodies might predom-
inantly be comets. An accurate light curve reveals
an enormous range of brightness variation with a full
range reaching 2.6 ± 0.2 mag, suggesting a highly
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Figure 2: Changes in ‘Oumuamua’s brightness over
two subsequent nights. The top panel shows the
brightness in the linear flux scale and the bottom panel
shows the brightness in the logarithmic magnitude
scale. The grey areas indicate replicated data. It is ev-
ident that the light curve does not repeat exactly from
one night (27 October 2017 UT) to another (28 Oc-
tober 2017 UT), consistent with a non-principal-axis
rotation state, or tumbling.

elongated shape of the body with the long-to-short axis
ratio of > 4.9. We also determined the effective rota-
tion period to be 7.56 ± 0.1 hr, the equivalent size to
be ∼ 150 m, and we found that the density —- con-
trary to previous reports by other teams —- may not
be different from the typical density of Solar System’s
asteroids. The light curve also revealed an imperfect
repeatability of the changes in brightness between the
subsequent rotation cycles, implying that ‘Oumuamua
is a non-principal-axis rotation state. ‘Oumuamua’s
tumbling is consistent with an ancient collision that
occurred in the body’s home planetary system, sug-
gesting that collisional processing of small body pop-
ulations in other planetary systems might be common.

Acknowledgements
The findings of this paper are based on observations
obtained at the Gemini Observatory, which is operated
by the Association of Universities for Research in As-
tronomy, Inc., under a cooperative agreement with the
NSF on behalf of the Gemini partnership: the National
Science Foundation (United States), the National Re-
search Council (Canada), CONICYT (Chile), Minis-
terio de Ciencia, Tecnología e Innovación Productiva
(Argentina), and Ministério da Ciência, Tecnologia
e Inovação (Brazil). We are indebted to the direc-
tor of the Gemini Observatory, L. Ferrarese, for rapid
evaluation and approval of our director’s discretionary
time request. We also thank our telescope opera-
tor, A. Smith, for excellent work including real-time
brightness monitoring of the target, and other Gem-
ini Observatory staff members for vital contributions
to making the GMOS-N observations possible. Spe-
cial thanks to the ‘Alopeke instrument team for flexi-
bility and cooperation during the observations, which
disrupted their commissioning work. M.D., P.G. and
B.H. are grateful for support from the National Sci-
ence Centre of Poland through SONATA BIS grant
number 2016/22/E/ST9/00109 to M.D.

References
[1] Drahus, M., Guzik, P., Waniak, W., Handzlik, B.,

Kurowski, S. and Xu, S.: Tumbling motion of
1I/‘Oumuamua and its implications for the body’s distant
past, Nature Astronomy, Vol. 2, pp. 407-412, 2018


