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Fractional “error’ in radius
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Ever wonder what you might weigh on Mars or The Moon? Here's your
chance to find out.

The Planets
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The mass—period correlation
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" the bloated planets

« Early migration (Burrows et al. 2000)

* Insolation-driven, deeply
penetrating gravity waves
(Showman & Guillot 2002, Guillot &
Showman 2002)

« Eccentricity tides (Bodenheimer et al.
2001, 2003; Liu et al. 2008, Miller et al.
2009, Ibgui & Burrows 2009)

» Obliquity tides (Winn & Holman 2005,
ruled out by Fabrycky et al. 2007, Levrard
et al. 2007, Peale 2007)

» High atmospheric opacity (Burrows
et al. 2007)

* Inhibited convection of planetary
interior (Chabrier & Baraffe 2007)

» Thermal tides (Arras & Socrates 2009,
disputed by Goodman 2009)

 Dissipation of induced electrical
currents (Batygin & Stevenson 2010;
Perna, Menou, & Rauscher 2010)
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interiors




Ragozzine & Wolf (2009)
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Rel. importance of tidal bulge

Ragozzine & Wolf (2009)
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WASP-12

Found to be eccentric
(e = 0.049 + 0.015)

Hebb et al. (2009)

Confirmed eccentricity?
% (ecosw = 0.0156 £ 0.0035)

Lopez-Morales et al. (2009)

More circular?
(ecosw = 0.0019 £ 0.0007)

Campo et al. (2010)

k,=0.15+0.08
Li, Miller, Lin, & (very centrally
Fortney (2010) condensed)
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Spitzer light | [~

curves of
HD 189733
(8 um)
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Agol et al. (2010)
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Spin precession
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Transit Depth [mmag]
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Kepler will measure this effect for giant
planets with periods of 15—-30 days



Stellar
obliquity

Sun’s obliquity is 7° — how typical is this?
e Specific reasons to expect misalignment:

— Whatever perturbs eccentricities may
also perturb inclinations

— Does orbital migration perturb
inclinations??




Stellar
obliquity

e Disk migration would damp inclinations

Marzari & Nelson (2009), Cresswell et al. (2007), Lubow & Ogilvie (2001)
¢ Planet-planet scattering would produce a

broad range of final inclinations

Chatterjee et al. (2008), Nagasawa et al. (2008), Juric & Tremaine (2008)
e Kozai cycles would produce a very broad

range of final inclinations
Fabrycky & Tremaine (2007), Nagasawa et al. (2008)










Gaudi & Winn (2007)
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The Holt-Schlesinger Effect
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The Rossiter-McLaughlin Effect
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Johnson, Marcy, et al. (2006)

HD 189733
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Radial Velocities (m.s~1)

N
o

-

n
S

U B BN A EA 20 BN AR R R ARG

1= -0.85° £ 0.30°

[ Triauld, Queloz, Bou?hy et al. (2009|)
I 1 | | i | I

HD189733 + SRR UG

||||1i||||I||||||||1|l||]|||l




1.00

k.4
E
» 0.99
2
©
& 0.98
0.97
40
Tl.'!'.lI
= 20
>
‘_g 0
QO
-
S _
2 -20
o
o=

;-“hﬂ"wﬂ't"'." 'ﬁwfh""‘m""ﬁiﬂ-" .""-;
3 H.H . -“ -
= L P R L X =
= P —— 1 o -= ...... yo g -
= Lo . s -
.- * | L :... : * - ’ : . -'
- & ™ e L * ™ - - -
L . . . . . -
. . . . = . 2o * =
- - L * =
- . * o " e . ) -
L ™~ & [
.- " . : o Tt -.
.
. i

_ Johnson, Winn, Narita, et al. (2008)

-2

-1 0
Time [hr]



-I—II I-—-
L]
I B © |
. o
. o
. o
” ©
I ©
. S
- =
| -
. ®
1 Z
r n.,
. S
1 L
v <
D.- . m,
- o 4
= 0
A . c
L | 9
.---_-- -_-_-_-—_---_-—-_-_--—-_-. L L1

=
<

p—

o v 4]
o (o)}

o o
XN|} 9AI}0I9Y

0.97

o
-+

[,.s w] Ayo0jaa oipOY



1.00 BMMAAEr A,

0.99 T, - =

Relaotive flux

0.98 =

400 ! "
A My =12 Mgy, M, =12 M,
E ook P =3 days, e =0.3 b
g
=200 . : : . .

-2 -1 0 1 2
Time [hr]



1.00 PPt Ay,

3 ‘wﬂ N
= '*ﬂh"ﬂh'm. s -
o 0.99 R v . ‘ E
2 =
5
& 0.98 .
0.97F X0O-3 -
4nn ----------------------------------------------- -

. B b } } il
Itﬂ' B * + + + -
€ - } bh -
— 200 * -
2> - + -
E - ¥ , ‘ * -
4 ok byt } -
I i ' .
° ! i R I t i
o - Hébrard, Bouchy, Pont, et al. (2008) ‘ b

=200 : : . : $,
-2 -1 0 1 2

Time [hr]



Radiaol velocity [m E"]

1.00 MM.':.?“ .ﬁfs‘n"aﬁ."ﬁ%ﬂ
o 0.99 TR e g
2
©
& 0.98
0.97F XO-3
400 Bt
4
300
by
200 -
by
100 ‘,
A\
0 Yy
' ]
-100 . v v, , v
200 Winn, Johnson, Fabrycky, et al. (2009) *, + *+ vy
-2 -1 0 1 2

Time [hr]



o v 4]
o (o)}

o o
XN|} 9AI}0I9Y

0.97F XO-3

A=+437.3°+3.7°

o o O
o O o
My N -

0
=100
=200

s w] Ayosoj@a |oiIpo
. ! POy

Winn, Johnson, Fabrycky, et al. (20




Greg Laughlin

HD 80606

M;=1.0 Mg,,, M,=4 M,
P =111 days, e = 0.93
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Orbit of Venus

Orbit of Earth



Moutou et al.
(2009)

Garcia-Melendo &
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(2009)

Fossey et al.
(2009)
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Hidas et al. (2010)

Shporer et al., in
prep.
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A=182.5°+94°
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A planet on a
retrograde
orbit?

A=182.5°+94°
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A planet on a
retrograde or
polar orbit

A =182.5°+ 9.4°
W > 86.7°
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Proj. spin—orbit angle [deq]

® Circular orbit
® Eccentric orbit
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Proj. spin—orbit angle [deq]
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Disk migration cannot be
the whole story

Two modes of planet
migration? (rabrycky & winn 2009)
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Line of sight to Earth
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Batygin et al. (2009), Mardling (2010):
 Precession rate of outer orbit can be calculated.

e Precession rate of inner orbit depends on k..
* |f you assume the rates are equal, you learn k..



Mardling (2010):

You must also know the mutual inclination.
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Mardling (2010):

You must also know the mutual inclination.
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The “sweet spot” for precession

Orbital Period [days]
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Ensemble results

Isotropic +
perfectly aligned
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