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the interstellar visitor ‘Oumuamua





Panoramic Survey Telescope 
And Rapid Response System

(Pan-STARRS) 泛星
Maui, Hawai’i, 

USA

PS1＋PS2Time-Domain Astronomy 

A 1.8 m 
telescope with a 
1.4 Gpix camera



C/2017 U1  A/2017 U1 

1I/2017 U1 (’Oumuamua)

2017/10/19 found by PS1, at first classified as 
a comet, then, with a hyperbolic trajectory, 
as an interstellar object, the first of  its kind

(Hawaiian “scout”, first distant messenger)



‘Oumuamua

- Found by PS1 on 2017 October 19; 𝐻 = 22.1 mag

- The first IS object in the solar system (1I/2017 U1)

- Highly hyperbolic, eccentricity 𝑒 = 1.1956 ± 0.0006

- Pre-entry speed v∞ ≈ 26 km s−1

- Size ~102 ± 4 m

(Meech et al. 2017, Natur, 552, 378)

May be numerous, 0.2 au−3 or 𝑛 ≈ 2 × 1015 pc−3, 2-8 
orders higher than expected previously

(Do et al. 2018, ApJ)

• Lightcurves tumbling spin and a 5:1 aspect ratio

(Drahus et al. 2018; Fraser et al. 2018)



PIA22357_JPL-20180620-ASTRDSf-0007-Interstellar Asteroid animation-720p.mp4


‘Oumuamua (1I/2017 U1) is the first known object of interstellar origin to have entered the Solar System on an unbound and 
hyperbolic trajectory with respect to the Sun1. Various physical observations collected during its visit to the Solar System showed that 
it has an unusually elongated shape and a tumbling rotation state1–4 and that the physical properties of its surface resemble those of 
cometary nuclei5,6, even though it showed no evidence of cometary activity1,5,7. The motion of all celestial bodies is governed mostly 
by gravity, but the trajectories of comets can also be affected by non-gravitational forces due to cometary outgassing8. Because non-
gravitational accelerations are at least three to four orders of magnitude weaker than gravitational acceleration, the detection of any 
deviation from a purely gravity-driven trajectory requires high-quality astrometry over a long arc. As a result, non-gravitational 
effects have been measured on only a limited subset of the small-body population9. Here we report the detection, at 30σ significance, 
of non-gravitational acceleration in the motion of ‘Oumuamua.  We analyse imaging data from extensive observations by ground-
based and orbiting facilities. This analysis rules out systematic biases and shows that all astrometric data can be described once a 
non-gravitational component representing a heliocentric radial acceleration proportional to r−2 or r−1 (where r is the heliocentric 
distance) is included in the model. After ruling out solar-radiation pressure, drag- and friction-like forces, interaction with solar wind 
for a highly magnetized object, and geometric effects originating from ‘Oumuamua potentially being composed of several spatially 
separated bodies or having a pronounced offset between its photocentre and centre of mass, we find comet-like outgassing to be a 
physically viable explanation, provided that ‘Oumuamua has thermal properties similar to comets.







 comet-like outgasing









a~100 m (1000 m x 35-167 m x 35-167 m)

Acceleration by solar radiation pressure
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An object with a cross section of 𝐴

Accumulating ISM gas  slow-down (?)
“’Oumuamua can travel Galactic distances before encountering 
appreciable slow-down.”

Collisions with dust grains melting and evaporation (?)
“’Oumuamua can travel through the entire Galaxy before a 
significant mass is evaporated.”

Lightcurve shows 6 to 8 hours modulation  torn-apart (?) 
“’Oumuamua can easily withstand its centrifugal force.”

Close encounters with stars  tidally stripped (?)
“’Unless … an extremely close … unlikely …”





With this spin, the associated tensile stress is 
𝑃rot ≈ 𝒪 0.25 dyne cm−2



A fragment from a tidally disrupted planet?



IKAROS (Interplanetary Kite-craft Accelerated by Radiation Of the Sun) 

JAXA’s space “kite”

launched on 20 May 2010, aboard an H-IIA rocket, together 

with the Akatsuki (Venus Climate Orbiter) probe and four 

other small spacecraft





Large Synoptic Survey Telescope (LSST)

Starshot Initiative


