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Jargon

AU — Astronomical Unit.
¢ Mean Earth-Sun Distance
pc — “Parallax Second”

+ Distance at which an object’s parallax
would subtend one second of arc

Metallicity
¢ Mass fraction of elements above He

Main Sequence/Giant Star

Constants

M, =1.99x10%g R
‘ M, =1.90x10*g ~10°M,

M, =5.97x107 g ~3x10°M

AU =1.50x10"cm

pc =3.09x10"cm

—6.96x10"cm

Sun

R, =7.15x10°cm~0.1R

Sun

R, =6.38x10°cm ~ 0.01R

Sun Sun




Vs Star Formation 101

Molecular Cloud

Cores

Collapse

gnition/Outflow
Protoplanetary Disk

e ot i oo Planetary System




Accretion model

Central star

Dust disk
Dbt ng dust gra crete
into "planetes ml thro gh
nongravitational forces
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Planetesimals grow, moving in
near-coplanar orbits; to form
"planetary embryos.”
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Planet Formation 101

Core-accretion Model

Dust - Planetesimals (non G)
Planetesimals - Protoplanets
Protoplanets - Gas Giants
(Outer Solar System)

Protoplanets - Terrestrial Planets
(Inner Solar System)




Predictions

Three types of Planets
o Terrestrial Planets

¢ Gas Giants

¢ Ice Giants

Segregation in Mass/Separation
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Three types of Planets
o Terrestrial Planets

¢ Gas Giants

¢ Ice Giants

Segregation in Mass/Separation
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Migration

Four Classes of Migration:
e Type O -—
Grains
 Gas Drag
PR Drag
« Yarkovsky Drag
e Typel—
Protoplanets
» Disk-Planet Torque

e Type ll —
Planets — Gap
« Accretion
o Type lll -

Planets — Partial Gap



Open Questions

What halts planetary migration?
Which types of migration are most
Important?

Migration €<-> Formation
Migration €<-> Physical Properties




Close-In Planets
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Very Hot lupiters
Very Hot lupiters ;
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Mass (M)
Number
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Period (days)

Period (days)

Pile-Up at P ~ 3 days
Dearth of Planets with P < 3 days

Lack of High-Mass, Close-In Planets
‘Hot Neptunes’ with P < 3 days

Massive, very close-in ‘Very Hot Neptunes'’



Transits - Observables

I e

a small transit signature, what can we learn?
we tell that it’s a planet?

we measure its radius, separation (semi-
r axis)?



Transits - Observables

Fractional Photometric Deviation
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Transits - Observables
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Transits — Parameters
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Transits — Parameters

icsr: Rl er

2ctroscopic Data)



Transits — RV Follow-Up

Low Mass =
Degeneracy
Pressure

High Mass =
Ideal Gas + lon
Pressure

.1-ouming Limit




Transits — Detection

What is required to detect a planet orbiting a
star via transits?

What is the probability of detecting a planet
a star?

ISe to my measurements need to

stars to | need to look at?
o | have to look at these stars?



Transits — Detection

Gaudi (2000)

Probability that Planet Transits

Probability of Exceeding S/N Requirement

Probability of Transit(s) Occurring in Window



Transits — Detection




Transits — Detection

P = P.PyR,

S/N = Signal to Noise Ratio =» Must exceed some threshold




Transits — Detection

S _ _ _
N :&Nmt ~ <3 1/2R§R*3/2L];/2d 1



Transits — Detection

“Window™ Probability- probability that 2 transits occur during the observation windows.

19 nights
10 nights

Duty Cycle= R <5%
18




Transits — Detection
P=P.P,PR,

\
P. ~8%  (3d<P<11d, logarithmic)
Ry =20% (3d<P<11d, logarithmic)

N, = fN.P zj{ P j( sz( Taco1aU j
1.6% A\ 10 0.5%




Transits — Requirements

Confirmation and Parameter Estimation
o Accurate Light Curves

+ Follow-up
Spectroscopic
Radial Velocity

lon
Stars
ate Photometry
f Observing Time
er?
Using Small Telescopes
argets
elds of View + Dense Stellar Fields
jects, Distinct Populations




Transits — Flavors

Bright Targets )
RV Follow-up
e All-Sky

Intermediate Targets

alactic Disk)
=

T, STEPSS

> Amenable to Follow-up

RV, Oblateness, Atmospheres,
[Rings, Moons, etc. )

Not Amenable to Follow-up
Primaries too faint for detailed

follow-up
= Masses and Radii only.

Why? Statistics!



Radlal Velomt Surve s

: Very Hot lupiters || Very Hot luplters
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Field Surveys - OGLE

Very Hot [upiters Yery Hot luplters
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Radial Velocity vs. Transits

Very Hot Jupiters: Very Hot Jupiters:

Hot Jupiters: Hot Jupiters:

r=3/1=3

Inconsistency?

y Hot Jupiters not real?
ansit Surveys Bogus?
Ifferent Populations?



Sensitivity of a S/N-Limited Survey

3
N =PV =R 20,




Sensitivity of a S/N-Limited Survey

N < f(P)Pd> oc f(P)P™>"

MmaX




Radial Velocity vs. Transits

Very Hot Jupiters: Very Hot Jupiters:

Hot Jupiters: Hot Jupiters:

r=3/(1x6)=0.5

Still Inconsistent?




Radial Velocity vs. Transits

Round 3

Poisson Distribution




Radial Velocity vS. Transits
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Radial Velocity vs. Transits
Additional Biases

Implications

s VHJ -~ transiting HJ

. One in ~500-1000 FGK Stars
has a VHJ




Searches toward Stellar Systems

Advantages: Disadvantages:
*Primaries have common properties  *Relatively Faint Stars
Explore the effects of: Follow-up difficult

ellar Density *Small Number of Stars
Difficult to probe f<5%

[Fe/H]>0

own properties  Requirements:

*Many (20) Consecutive Nights
Relatively Large FOV
*Modest Aperture

 positives.



Survey for Transiting Extrasolar Planets In

Stelar-Systems (STEPSS)

(Open Clusters)

‘MDM 1.3m & 2.4m , .. ‘ - ‘ ’ 2 ‘ “
D10 D1 0 A 2 . SRR ) ‘ . ""'; .‘ i '

Members: Chris Burke, S.G., Darren DePoy, Rick Pogge



Searches toward Stellar Systems

Star 443 N w= 293, I=17.14, o= 0.0050
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Searches toward Stellar Systems

«Sensitive to
Jupiters for
GO-MO primaries

~1000 cluster members
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Searches toward Stellar Systems
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Searches toward Stellar Systems

" days, Depth ~ 4% ==>Grazing Binary



Searches toward Stellar Systems

NGC 1245
¢ Efficiency Calculation Underway
* <5% VHJ, <30% HJ.




Future Prospects — Hot Neptunes?

Period (days)




Future Prospects — Hot Neptunes?

Hot Neptunes

¢ <0.1% Photometry
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Future Prospects — Hot Neptunes?
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Future Prospects — Hot Neptunes?

Very Hot Neptune Search

¢ Cluster Selection

¢ ~20 Nights on MMT (or
6m Telescope)

+ Rising Mass Function?
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Al ko tact et
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Conclusions:

Transiting planets can tell us about
migration - planet formation.
Consideration of transit basics reveals:
+ Require accurate photometry

+ Follow-up for characterization &
confirmation

+ Require ~10,000 stars

+ Long observational campaigns
Understanding Field Surveys

¢ RV and TR Surveys Consistent
¢ VHJ are uncommon

Hot Neptunes within reach.




Future Prospects — Extrasolar Earths”
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Future Prospects — Extrasolar Earths?

Radial Velocity: Next Generation Survey?

e 1 m/s limit?

- hard

+ ground based, flexible,cheap, unlimited observing time, nearby stars (TPF)

Astrometry: SIM

expensive, hard to confirm
ars (TPF)

er
sive, distant stars, very difficult to confirm

PF, Ground Based?

S, Impossible(?) to confirm
, robust statistics, many detections

rwin



Future Prospects — Extrasolar Earths

Earth-mass planet sensitivities
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Future Prospects — Extrasolar Earths?

Comparison with other

Earth-mass planet sensitivities
methods, cont.

*Every star has a Earth-mass planet

with period P

sEach technique is confronted with

the same ensemble of planetary

systems.

Even under optimistic assumptions,
only ~5 Earth-mass planets with
P=1 year detected with S/N > 25!
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Efforts can and should be made to

ensure and improve these statistics.
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Period (vears)




Conclusions:

Earths are Hard
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