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Patterns in the Solar system
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Patterns in the Solar system

ROC/@)’P1<”” Orbits are nearly coplanar

) Orbits are nearly circular
_~Compositional patterns:
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Exoplanet discoveries

Number of planets by year of dlscovery
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Direct imaging
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Neuhauser et al.




Direct imaging

Chauvin et al.




The contrast problem
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The contrast problem

Jupiter

%

Uranus

9
8
7
—~ 6
‘5
% 4
E 3
e 1
% 9
< 5l
3k
4-
5

NI N ¥ 1 R T |

10
A (microns)

Only works for hot, distant planets...




The contrast problem
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Exoplanet detection
« Spectroscopy (Doppler shift)

» Astrometry (angular shift)

* Photometry (transits)
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Exoplanet detection
« Spectroscopy (Doppler shift)



Exoplanet detection
« Spectroscopy (Doppler shift)

AT/ B 21 1/3 Mpsin 1
max J2 (A4f>—F.A1S)2/3

12 m sy (F B MpsinI\ [ Mg\ Y?
12 yr A4jup A4Sun
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Exoplanet detection
Spectroscopy (Doppler shift)
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Exoplanet detection

« Spectroscopy (Doppler shift)
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Exoplanet detection
« Spectroscopy (Doppler shift)

21 1/3 Mpsin 1
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state of the art: 0.5 m/s
(iodine cell, dual-fiber)
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Exoplanet detection
« Spectroscopy (Doppler shift)

AT/ B 21 1/3 Mpsin 1
max - P (MP+M5)2/3

12 m sy (F B MpsinI\ [ Mg\ Y?
12}/’1’ MJup MSun

state of the art: 0.5 m/s
(iodine cell, dual-fiber)

Q

false positives: star spots, pulsations



Exoplanet detection
« Spectroscopy (Doppler shift)

AT/ B 21 1/3 Mpsin 1
max _ P (MP+M5)2/3

12 m s=1) P\ Y3/ MpsinI\ [/ Mg \ */?
12}/’1’ MJup MSun

state of the art: 0.5 m/s
(iodine cell, dual-fiber)

Q

false positives: star spots, pulsations

sin(l) ambiguity; radius unknown



Exoplanet detection

» Astrometry (angular shift)
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Exoplanet detection

Astrometry (angular shift)

Benedict et al. 2006




Exoplanet detection

» Astrometry (angular shift)

Mp/Ms\ [ G(Mp + Ms)P2\"?
A6)max —
d 42
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state of the art: 0.01-0.5 mas

Q



Exoplanet detection
» Astrometry (angular shift)
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state of the art: 0.01-0.5 mas

<Mp/MS) (G(Mp n MS)P2)1/3
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false positives: star spots, ?77?



Exoplanet detection
» Astrometry (angular shift)

A6)max —

d 472

.D mas
12 yr Miyup Mgun 10 pc

state of the art: 0.01-0.5 mas

<MP/MS) (G(Mp + MS)P2)1/3

Q

false positives: star spots, ?77?

gets harder with distance; radius unknown



Exoplanet detection

* Photometry (transits)

AFpax (RP)QNmQ( Rp/Rs )2

F R—S RJup/RSUH
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duration =~ (27TCL/P) ~ 14 hr (RSun> <11 yr)
RS/RSun
Prob. ~ 0.1
ro % ( CI,/5 AU >



Exoplanet detection

* Photometry (transits)

AFpax (RP)QNmQ( Rp/Rs )2

F R—S RJup/RSun
. Rs Iis P B
~ ~ 1.3 h
duration (27a/P) 1.3 hr <R5un> (3 days>
RS/RSun
Prob. ~ 10
to ° (a/0.05 AU)



Exoplanet detection

« Photometry (transits)

OGLE-TR-56 P=1.21190 (days)

l.'lll‘ll.llll;llll.ll?llll-l

I,
—
-

)
152 —

Rl 1 Lo



Exoplanet detection

All three transits
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Exoplanet detection

* Photometry (transits)

state of the art: 0.001 (for surveys)



Exoplanet detection

* Photometry (transits)

state of the art: 0.001 (for surveys)

false positives: FM binaries, grazing
eclipses, triple stars with eclipses



Exoplanet detection

* Photometry (transits)

state of the art: 0.001 (for surveys)

false positives: FM binaries, grazing
eclipses, triple stars with eclipses

learn mass, incl, radius, temperature, more!
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PSR B1257+12, Arecibo, 430 MHz
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