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How do we fmd Solar System objects?
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Largest known trans-Neptunian objects (TNOs)
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Outer Solar System Origins Survey (OSSOS)
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Reflectance Spectra and Broad-band Colors as
a proxy for surface composition

Normal Spectrum
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Rotational Lightcurves Probing Shape
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Contact Binary

Image credit: Pedro Lacerda
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Challenges: Light curve/Rotational Variability

Single-Peaked Light Curve Fit
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Densities as a probe of bulk composition
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The Structure of the Kuiper Belt
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The Structure of the Kuiper Belt
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Our Giant Planets Moved Stuff Around

»
Ejected planetesimals

. . Cold population
® »

® ®* o * nvariant

Kuiper belt plane
Distance from Sun ———p
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Morbidelli & Levison (2003)



Morbidelli & Levison (2003)
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Nice Model
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Nice Model Kuiper belt Observed Today
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Cold Classical Objects Differ in Color and Binary to the
Hot Population within the Kuiper belt

-Q- Dynamlcally Exated
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5 5 5 5 # Cold Classicals
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Schwamb et al. (2019)



Wide Cold Classical Binaries Would Be
Stripped If Neptune Interacted with
These Objects During Migration
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. L]
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2000 -01 -10 AI 2000 -01 -10 4' Figure 4. Results from two sets of 7500 binary—Neptune integrations. Top panel:
b7Qa4 hEaV “mobility” of initially tight binaries. Dashed line 1s a cumulative histogram of
a/Rpg (or a/REg on top axis) prior to Neptune interactions for surviving binaries
with initial a/Rg < 0.05. Solid line 1s a cumulative histogram of a /R g for the
- same binaries after interactions. Bottom panel: probability of destruction of a

- ® binary system as a function of its initial a/Ry. Lower and upper dashed lines
represent subset of sample with e < 0.2 and e > 0.7, respectively. Gray line:
results from integrating encounter histories for objects with initial ay > 29 AU.

2000 - 01 - 10 J 2000 - 01 - 10 J Triangles: estimates of a/Rg for known wide binaries.

Video Credit: Alex Parker/Gemini/AURA/NOIRLAB Parker et al. (2010)



Our Giant Planets Moved Stuff Around
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Ejected planetesimals
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Col-OSSOS Survey - Exploring color and orbits

4 Dynamically Excited
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Schwamb et al. (2019)



A Way to Identify Cold Classical Surfaces in the Kuiper belt

Pike, Fraser, Schwamb et al (2017)



5 Planets with planetesimal scattering

with 1 ice giant ejected works even better
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(Nesvorny 2011)



Maybe the asteroid belt is also telling us about
another part of planet migration
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Explore the Origin of Sedna’s Strange Orbit and

Alignment of known distant orbits,
with g > 45 au & 250 < a < 2000 au.
Orbits with q> 60 are shown in red

Image Credit: S. Sheppard

What LSST Can Do

Test the Existence of Planet 9
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Expected LSST Yield

Currently Known LSST Discoveries Typical number of

observations

Near Earth Objects (NEOs) (D>250m) 60
s v (R

Comets

2 10

Interstellar Objects (ISOs)

10 year survey - ugrizy photometry with hundreds of visits per object
Slide Credit: LSST Science book/Lynne Jones
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