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Indirect Detection Methods

209 planets found so far
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e Mayor and Queloz (1995)

e Mag. 5.5 main sequence star

e Detected by radial velocity method

e Velocity difference: 70 m/s = 160 mph
e Period: 4.2 days

e Separation: 0.05 AU

e Angular separation: 0.0035 arcseconds
e Mass: > 0.47M

e Hot Jupiter
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e Mag. 10.5 red dwarf

e Detected by radial velocity method

e Period: 13 days

e Separation: 0.07 AU

e Angular Separation: 0.012 arcseconds

e Mass: > 5ME




e HD209458b confirmed both via RV and
transit.

e Period: 3.5 days

e Separation: 0.045 AU (0.001 arcsecs)
e Radius: 1.3R

e Intensity Dip: ~ 1.7%

e Venus Dip = 0.01%, Jupiter Dip: 1%
e Kepler and Corot

Venus Transit (R.J. Vanderbei)
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Credit: Hans Deeg, from Transits of Extrasolar Planets”



Gravitational Lensing (OGLE)

8 discoveries.

Re=sidual

13

14

—_
o

1 magnitude
@

17

|
=
-

T | T T T T 1 i | :
OGLE (Chile) 0.01
wFUN (Chile) 0008 | 1 :

caushc
. . ,f" ;
MFUN (Auckland, NT) of ]

RoboNet (Hawaii)

=g I
=
=
L

_D.E- n D.E
At [HID - 2453491.875]



e Space Interferometry Mission (SIM)

e Wobbles as small as 0.000001 arcsecs (the
thickness of a nickel viewed from the dis-
tance of the moon).

e Mission Cancelled

SIMPlanetQuest

will be able to find:

Neptune-size planets
around 2000 stars

planets 3.2 times more massive than Earth

3 around 120 stars

planets 2 times more massive than Earth

around 30 stars

potentially habitable

Earth-size planets
3 around 6 stars




Direct Detection



e Bright Star/Faint Planet: In visible light,
our Sun is 10'° times brighter than Earth.
That's 25 mags.

e (lose to Each Other: A planet at 1 AU from
a star at 10 parsecs can appear at most 0.1
arcseconds in separation.

e [ar from Us: There are less than 100 Sun-
like stars within 10 parsecs.
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Doesn't Work!  Requires an aperture measured in kilometers to mitigate diffraction effects.
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lmage is made (top) Pupil is reimaged (top)
And occulted (bottom) And partially blocked (bottom)

The Final image after
T el e B !
lelescope Puml Coronagraph has only
Evenly Hlluminated 1.5% of the original

Starlight.
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Apodized pupil
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Shaped Pupil Coronagraph (TPF-C)

20 petals 150 petals




All above methods require optics of extraordinary quality: 1/10,000 wave precision.



Telescope Aperture: 4m, Occulter Diameter: 50m, Occulter Distance: 72, 000km
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Shaped Occulter
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Ground-Based Possibilities

e Atmospheric seeing limits resolution to about 1 arcsec.
e Large aperture with adaptive optics.

e Interferometry.



