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Planets sculpt debris disks
Offsets
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Planets warp debris disks

Heap et al. 2000
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Planets warp debris disks
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Planets warp debris disks

Heap et al. 2000
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Planets warp debris disks

Heap et al. 2000
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Planets warp debris disks

initially flat diskplanet’s inclined 	


orbit
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orbit

Dawson, Murray-Clay, & Fabrycky 2011
see also Mouillet+ 1997, Augereau+ 2001See also poster by Miriam Keppler
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Planets warp debris disks
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Planets warp debris disks

outer disk
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Planets warp debris disks

inner disk
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see also Mouillet+ 1997, Augereau+ 2001See also poster by Miriam Keppler
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Planets warp debris disks
warp

Dawson, Murray-Clay, & Fabrycky 2011
see also Mouillet+ 1997, Augereau+ 2001See also poster by Miriam Keppler



The reality: multi-planet systems

Marois+ 10
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The prime suspect is 
usually the culprit

Lagrange et al. 2010



R. Dawson, ß Pic Birthday Bash, 09/08/14

Disk sculpting reveals planet’s properties
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Disk sculpting reveals planet’s properties
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In our solar system, Neptune is the 
primary sculptor of the Kuiper belt

All giant planets

Neptune only  
(+precession)

Dawson & Murray-Clay 2012
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Fomalhaut: directly imaged 
planet is not the sculptor

Kalas+ 13
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Can another planet be 
responsible for Beta Pic’s warp?
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Exceeds RV 
detection limits

Can another planet be 
responsible for Beta Pic’s warp?
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Unstable with planet b

Can another planet be 
responsible for Beta Pic’s warp?



R. Dawson, ß Pic Birthday Bash, 09/08/14

0 20 40 60 80
a (AU)

0.01

0.10

1.00

10.00

100.00

m
as

s (
Ju

pi
te

rs
)

Constraint 3

Constraint 4

Constraint 5Constraint 1

Constraint 2

Dawson, Murray-Clay, & Fabrycky 2011

Ruled out by

Can another planet be 
responsible for Beta Pic’s warp?

Can’t create warp 
without inclining 

planet b
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Timescale for warp 
inconsistent with 

system age

Can another planet be 
responsible for Beta Pic’s warp?
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secular resonance 
disrupts outer disk

Can another planet be 
responsible for Beta Pic’s warp?
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Can another planet be 
responsible for Beta Pic’s warp?

okay for second planet 
to be here
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Gas clump raises possibility of 
third planet in Beta Pic system

Dent+ 12
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Third planet not inconsistent with warp  
unless mass is too large
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Single planet

10 MEarth planet c

1 MJupiter planet c
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Warp Offset

How do undetected planets affect 
inferences of planetary properties?

Position = planet mass +  
planet semi-major axis + timescale 
!
Height = planet’s inclination

Eccentricity = 
planet’s eccentricity 
+ semi-major axis
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Often one planet dominates 
the dynamics

Dawson in prep

Disk at 30 AU Disk at 85 AU
detection zone
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Errors in inferred properties from two-planet 
simulations with one detected planet
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Errors in inferred properties from two-planet 
simulations with one detected planet
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Dawson in prep
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Conclusion: usually the 
prime suspect is the culprit

• Beta Pic b, not another planet, is responsible for the warp in the 
Beta Pic debris disk 

• Another planet (<~0.5 MJup) could be responsible for the gas 
clump without disrupting the warp dynamics 

• In multi-planet systems, a single planet generally dominates the 
sculpting (particularly if that planet is the only one detectable), 
allowing us to infer its properties without much “contamination”
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