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Integration of reflected light normalized to a number in the range 0 to 1.
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Approximation is exact for a diffuse reflecting sphere.
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Palomar 200-inch

07:53 PM PDT Oct. 24 2017
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Masiero (2017) Palomar Double Spectrograph

A Red, Featureless Spectrum

near-IRvisible



Jewitt  2015, Jewitt+ 2017

Phoebe (typical dark, red outer solar system object)

SUN

Red
de

r

Line shows locus of constant spectral gradients, 30=30% slope 

‘Oumuamua

Assuming low albedo:
 d ~ 100 meters

This contrasts with the Spitzer non-detection.

Trilling+2018



afternoon in Western Hemisphere

(VLT & GST stacked images)

No Coma Visible

New astrometry from Oct 25th

Old astrometry from previous nights

Rapid fade confers urgency!



Light Curve

3.6 hours
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Photometry redrawn from Meech+ (2017)
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All Data and Models: Micheli+ 2018

HST Observations HST Observations

Big Telescope
 Observations

Gravity only With anomalous
acceleration term

This is a significantly better fit.This is a significantly worse fit. R.A.

DEC.

R.A.

DEC.
Perfect hyperbolic track Non-Keplerian track
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Acceleration

Magnitude is about 
1/1000th the solar g
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Jet

substellar jet applied here

normal to surface

jet

67/P Churyumov-Gerasimenko
ESA-Rosetta

No coma…
This jet can’t entrain 
much micron size dust
(or CO).

Visible coma…
This jet entrains

 micron size dust.

Rigid Body Dynamics

τ(t) = (ξ(t), η(t), ζ(t))× F = A(ξ(t)̂j− η(t)k̂)

d

dt
L(t) = τ(t)

torque from the sun-normal jet

rotation matrix
d

dt
Ri(t) =

[

I(t)−1
· L(t)

]

×Ri(t)

angular momentum

moment of inertia tensor (inverse)

observed spin period (~7 h) and observed
magnitude of acceleration (1/1000 gsun) give

the size of the body, ~100 m via dimensional analysis
assuming a ‘Oumuamua acts like a physical pendulum



Software: POV-Ray
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Axes not included in the photometric model!





Full light curve modeling

Axes not included in the photometric model!

Seligman, Laughlin Batygin — In Preparation 



In Star’s Frame

In Giant Planet’s Frame
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Jovian Hill Sphere

Giant planet orbit

planetesimal

planetesimal

Gravity assist ejects planetesimals

vesc =
√

2GMP/RP ! vcirc =
√

2GM⋆/aEjection requires:

PDS70 —ESO/VLT/SPHERE

Γ = nσv

~20 km/s

~1 AU 2

~1/100 AU
-3

~1/10 event per year

Pan-STARRS detections:

N~1026
planetesimals

M~1011 Earth masses

‘Oumuamua-like objects in the Galaxy



Laughlin & Batygin 2017



Andrews+ 2018

Gaps are very common in the disks.

Zhang+ 2018



Monte-Carlo Observability Simulations



See talk by Malena Rice in this Meeting.
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Oumuamua would have readily interceptible given advance warning





2014 MU69 last week 2014 MU69 7 Gyr from now

~106 -2erg s   cm -1~ 500 -2erg s   cm -1

Oumuamua, however, will chill out for the duration. To very high likelihood,
it will never have another close encounter with a main-sequence star.
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superconducting wire

B flux induced by monopole passage
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