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Introduction. 1I/‘Oumuamua (hereafter 1I), the first 
clearly hyperbolic object detected, was discovered by 
PANSTARRS and announced on 2017 October 25 [1]. 
With orbital eccentricity e = 1.20, its high inclination, 
and no apparent planetary perturbations, it is clearly on 
a hyperbolic interstellar trajectory. The largest e every 
previously seen for a solar system object was ~1.00000 
+ 9e-5 (for dynamically new Oort cloud comets per-
turbed by the planets on their inbound passage). The 
excess velocity of 1I after it leaves the solar system, 
~10 km/s, is similar to the differential velocities of 
stars in the local Solar neighborhood (Fig. 1) [2,3]. 
 
Here we report SDSS g’, r’ and i’ band observations of 
1I taken on 2017 October 29 from 04:28 to 08:40 UTC 
by the Apache Point Observatory (APO) 3.5m tele-
scope’s ARCTIC CCD camera, and their implications 
for the nature of the object [4]. 
 
Observations. Photometric imaging observations of 1I 
were acquired when 1I was at 0.53 AU geocentric dis-
tance, 1.46 AU from the Sun and at solar phase angle 
23.8o. The camera was used in full frame, quad ampli-
fier readout, 2x2 binning mode with rotating SDSS g, r 
and i filters and a pixel scale of 0.22”. The integration 
time on target for each 1I frame was 180 s, and 71 
frames were acquired between 58055.1875 MJD 
(04:28 UT) and 58055.3611 MJD (08:40 UT). Bias 
frames were taken immediately before observing the 
target, and instrument flat fields were obtained on the 
sky at the end of the night. The weather was photomet-
ric throughout the night, and the seeing remained be-
tween 1.3” to 1.5”. Absolute calibration was obtained 
using nearby SDSS flux calibrators in the 1I field. The 
same observing strategy was used over the last 8 years 
for our SEPPCON distant cometary nucleus survey [5]. 
Astrometry useful for constraining 1I’s orbit was also 
obtained and published in [6]. 
 
Results. Assuming a surface geometric albedo for 
scattering of 0.02 – 0.10, the object is very small, 
100m < Reff = Sqrt(ab) < 200 m radius (for a prolate 
ellipsoid of dimensions axbxb). We found no evidence 
of any cometary activity at a heliocentric distance of 
1.46 AU, approximately 1.5 months after 1I’s closest 
approach distance to the Sun (Fig. 2), consistent with 
the search reports of 10+ other observatories. Thus, 1I 
is not actively outgassing, despite the object passing 
within 0.25 AU of the Sun in early Sept 2017. Thus it 
is likely ice-poor and rocky, like a classical asteroid. 

 
 
Fig 1. – Trajectory and discovery circumstances for 
1I/’Oumuamua [1].  
 

 
 
Fig 2. – APO r’-band imagery of 1I. The object is con-
sistent with a stellar point source, and is moving very 
rapidly, as can be seen from the star trails in this 2700 s 
comet-centered exposure [3]. 
 
Significant brightness variability was seen in the r’ 
observations, with the object becoming notably bright-
er towards the end of the run (Fig. 3). By combining 
our APO photometric time series data with the Discov-
ery Channel Telescope (DCT) data of Knight et al. [7] 
taken 20 h later on 2017 October 30, we constructed an 
almost complete lightcurve with a most probable sin-
gle-peaked lightcurve period of P ~ 4 h. Our results 
imply a double peaked rotation period of 8.1 ± 0.02 h, 
with a peak-to-trough amplitude of about 1.5 - 2.1 
mag. An alternative explanation of the lightcurve vari-
ations as being due to albedo variegations doesn’t 
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Fig 3. – Observed APO + DCT r’ lightcurve for 1I ob-
tained over 27 – 28 Oct 2017 UT [3]. Note the ~2 magni-
tudes of peak-to-trough brightness variation. 
 
match the lack of color variation over a rotation or its 
sinusoidal shaped lightcurve. The amplitude constraint 
implies that 1I has an axial ratio a:b of 3.5 to 10.3, 
which is strikingly elongated vs. solar system small 
bodies. 
 
Assuming that 1I is rotating above its critical break up 
limit, our results are compatible with 1I having modest 
cohesive strength (> 10 Pa) and it may have obtained 
its elongated shape during a tidal disruption event be-
fore being ejected from its home system.  

 
Fig 4. – r’/g’/i/ APO photometric colors for 1I are con-
sistent with small Solar System body colors, except for 
the reddest TNOs [3]. 
 
We found that 1I’s colors are g −r = 0.41±0.24 and r−i 
= 0.23±0.25, consistent with visible spectra [8,9,10], 
slightly redder than the Sun, and most comparable to 
the populations of Solar System C/D asteroids and 
Trojans. Its colors are incompatible with the redder icy 
TNO objects (Fig. 4). 

Questions: What is 1I? A small, spindle-shaped C/D 
asteroid elongated by ISM scouring? A C/D asteroid 
binary created by tidal forces? Both of these possibili-
ties are consistent with our data and seem possible for 
an object tidally elongated and ejected from another 
solar system. Recent dynamical analyses have argued 
that 1I came from a nearby binary star system, like HD 
200325 [2,11,12,13,14], and could have been ejected 
in the process of planetary formation as a small plane-
tesimal underwent a “near-miss” planetary accretion 
event and received a gravitational slingshot instead. On 
the other hand, our data cannot rule out 1I as a reddish-
grey metal needle-nosed artificial object either – albeit 
one that is tumbling or nutating rather than spinning 
benignly around a long symmetry axis [15]. On this 
point, it is important to note that both SETI & GBT 
targeted it near perigee, but did not report any detected 
radio emission [16,17].  
 
A few further characterizing observations are being 
made by HST through January 2018, but it is likely we 
will have to detect more interstellar objects through 
future survey work before we can put 1I in good con-
text. Regardless, the unusual shape and clearly non-
cometary nature of 1I have made us rethink naïve theo-
ries of Oort Cloud formation and population by icy 
cometary bodies as a product of giant planet formation 
[11,12,13,14]. 
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