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Star Formation 101 '
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Dark cloud cores Gravitational collapse
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Hogetheijde 1998, after Shu et al. 1987



Planet Formation 101

e Core-accretion Model

e Dust = Planetesimals (non G)

 Planetesimals = Protoplanets

* Protoplanets > Terrestrial Planets
Inner Solar System (<3AU)

* Protoplanets = Gas Giants
Outer Solar System (3AU-40AU)

* Protoplanets = Planctoids
Distant Solar System (> 40AU)

Accretion model

Central star
“"“-..

i Z

Dust disk ~——

Orbiting dust grains accrete
into "planetesimals" through

nongravitational forces.

Planetesimals grow, moving in
near-coplanar orbits, to form
"planetary embryos.”

Gas-giant planets accrete gas
envelopes before disk gas
disappears.

Gas-glant planets scatter or
accrete remaining planetesimals
and embryos,




The Kuiper Belt — General Properties

15t member discovered in 1992
(1992 QB1; Jewitt & Luu 1993)
~850 known. Total mass ~1% Earth

Radial Extent (30-50)AU, peak near 45 AU.

Kuiper Belt
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The Kuiper Belt — Dynamical Classes
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The Kuiper Belt — Dynamical Classes
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The Kuiper Belt — Size Distribution

e Power Law
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The Kuiper Belt — Binaries

o At least 5%-10% of KBOs in binaries

e Size ratios ~ unity

« Separations ~ 100 x radius -
e Formation mechanisms .




The Kuiper Belt — Open Questions

: o Extended Scattered Disk?

» Faint-end distribution?
— Slope?
— Number?
— Dynamical classes?

e Albedos/Sizes?
 (Close binaries?

* The rest of the solar system?

— Three orders of magnitude in distance
— Nine orders of magnitude in volume!
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The Kuiper Belt — Open Questions

 Extended Scattered Disk?

— Number?

. 1.0 .
Bright-end slope a4



The Kuiper Belt — Open Questions

 Extended Scattered Disk? gy ameter at 42 AU (e 1
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The Kuiper Belt — Open Questions

 Extended Scattered Disk? o
e Faint-end distribution? '

— Slope?
— Number?




The Kuiper Belt — Open Questions

 Extended Scattered Disk?
* Faint-end distribution?

— Slope?

— Number?

— Dynamical classes?

 (Close binaries?

* The rest of the solar system?

— Three orders of magnitude in distance
— Nine orders of magnitude in volume!




The Kuiper Belt — Open Questions
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The Kuiper Belt — Open Questions

 Extended Scattered Disk?

» Faint-end distribution?
— Slope?
— Number?
— Dynamical classes?

e Albedos/Sizes?
e (Close binaries?

- » The rest of the solar system?é

"Three orders of magnitude in distance |
— Nine orders of magnitude in volume!




Limitations of Direct Measurements

 Strong scaling with size and distance
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Principles of Occultations

» Physical Parameters

R,d,v




Principles of Occultations

 (Observables
— Duration At
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Principles of Occultations

* Observables
— Ingress/Egress time
— Impact parameter b
— Dimensionless source
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Principles of Occultations

 (Observables
— Fringe Spacing




Principles of Occultations

 (Observables

AL, P, Pr

 Parameters




Parameter Uncertainties
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* Light curves
— 10% errors (V=14)
— 5 Hz sampling
Parameters p,
— N measurements £,
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Parameter Uncertainties

 Uncertainties

— Well-constrained
lesly, b

— Poorly constrained
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Parameter Uncertainties

e Weak constraints
for faint sources
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Parameter Uncertainties

e “Next Generation” “
« Experiment J
— 3% (V=14)

— 30 Hz sampling

 (Good constraints
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Occutations by
Binaries
e Detection Rate?

e Binary properties
— Primary size

— Size rati
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Occutations by tot,b
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Occutations by
Binaries

Can detect:
— 50% of equal-sized binaries
with d/R < few

— 10% of equal-sized binaries
with d/R < 10
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Occutations by
Binaries

Improved precision can

dramatically increase rate
— Especially for small objects
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Occutation Surveys
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* Challenges

— Short event duration
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Occutation Surveys

* Challenges

— Short event duration
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Occutation Surveys

* Kepler
100,000 stars
Lmag precision
O Long exposure times
O High ecliptic latitude

Imclination Distribution Stendard Deviation, o, (7}

(b} t,,=3 sec
| | 1 | | |

—0.5
Faint—End Slope. o,

o

| | | |
0.5 1



Occutation Surveys

Taiwanese-American Occultation
Survey (TAOS)
* Telescopes & Hardware

— Four 50 cm robotic telescopes
— /1.9
— 2 square degree 2Kx2K cameras




ion Surveys

Occutat
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e Shutterless




Occutation Surveys

Next Generation Survey
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« Requirements e s e
— Higher cadence - » ‘ﬂ?f &2
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Occutation Surveys

Next Generation Survey
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Occutation Surveys
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Summary

 Many unanswered questions about the Kuiper belt.
* Outer solar system largely unexplored.
» Reflected light detections limited

* (Occultation light curves subject to degeneracies
— Additional parameters enable parameter measurement
— High cadence and accurate photometry needed

 Binaries detected via occultations

* Occultation surveys are challenging
— Short duration
— Low event reate
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