. Extrasolar Planets
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Extra-solar Planet Trivia

1) When was the first extra-solar planet found around a Sun-like star?
a) 1981 b) 1995 c) 2000 d) last month

2) How many extra-solar planets do we know today?
a) ~30 b) ~300 c) ~ 3000 d) ~30000

3) What percentage of neighbouring stars are known to have planets?
a) 0.1% b) 1% C) 10% d) 100%

4) What is the lightest among these planets?
a) like Earth Db) like Uranus (14 Mg) c) like Jupiter (300 Mg)

5) By 2020, how many do you think would have been found?

6) What do you think is the most significant reason that we bother?



Planets Orbiting HR 8799
(Sept. 2008)

Detection:
1. Direct imaging - first successes!
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Detection:
2. Stellar motion
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Detection:

2. Stellar motion - a highlight

HD 10180, a solar-type star

- Seven planets! (Maybe nine)

- Secular interaction
- Tides keep inner planet
stable
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2. Stellar motion - a highlight

HD 10180, a solar-type star
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Detection: HD209458b 1* transiting planet
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Large scale transit surveys
1) ~1% F/G/K stars have close-in planets
~4% chance of seeing eclipse (a= 0.1 AU)

2)
3) Observe ~10%stars for a few planets
4) OGLE, HAT... [ground], Corot, Kepler... [space]




Detection:
3. Transits (cont'd)

The Optical Gravitational Lensing Experiment (OGLE)
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Detection:
3. Transits (cont'd) -
A highlight from Kepler ..[; :: i, i@ 000 i i 0]

“Tatooine” planets,
orbiting binary stars. .
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Fairly common: R
~1% of all close binaries! o= U

opoog Lt v oo sl b e e
237 2275 228 508 508.5

Time {BJD - 2,455,000

S00

Marmalized flux
E -
W
[}
=]

(]
o
(=]
X
=
=1

e
Lh
=

L I
513.5

514

. .f’\i
' AT i
5 f\u/\
Y

P EPEHTErE EPEPEE B [ IS AT A é 0 »
001 0.02 0.62 063 064 -:-;. | "I..v/’-."l
o

=k

Mormalizad flux &
=
(]

=
bt

O

=
{8y
]

Radial velocity
=

kms )
in
)

S

i | i i i i 1 : [ 1 i 1 i 1 i L]
0.5 1 a 200 400 00

Crbital phase Time (BJD - 2,455,000

Welsh et al., 2012, Nature 481, 475




Open issues

; ff Il }
As it coniracts, the cloud heats, Large, diffuse interstellar gas cloud

flattens, ang_SEin;a éastter. Ié-ecﬂming g sula"r;czurarmrtrat;ts e grani have to form planets IN
a spinning disk of dust and gas un will be born in center
Planets will form in disk. ~ feW MyrS
e 1) how did the gas disk

' ?
Wam;: t:—:.-n;peraésjrea allow gnly dlsperse :
metlalfrock “seeds” lo condense :
in inner solar system. 2) how are planeteSImaIS

1 ._' Cﬂid tgmpgrgtufgg made.? Are d.USt grains
.| allow "seeds” to sufficiently sticky?

contain abundant ice

in outer solar system, 3) what makes chrondrules?

4) How do planetesimals
survive collisions?

Hydrogen and helium remain gaseous,
qul olher materials can condense inlo
solid “seeds” for building planets.

Terrestrial planets are built from

metal and rock. i i ' i
S0l "seeds” collide and stick together. The seeds of jovian 5) What IS Jup|ter S role In,?
Larger ones attract others with their , planets grow large the fate of other planets .
gravity, growing bigger still. . %" lenough o attract .
1 hydrogen and hefium 6) Do giant planets only form
‘-. : == gas, making them into

.=~ glant, mostly gaseous outside frost lines? If so,

L ' : ) lanets: moons form in I -
& --..h — = i“f g e gl how to explain the extra-solar

- that surround the planets. hot Jupiters?

Solar wind blows remaining gas Terrastrial planets remain 7) .
into interstellar space. in inner solar system.  Javian planets remain

/ in outer solar system
. “Leftovers” from the
i formation process
become asteroids

: (metaljrock) and
Not lo scale comets (mostly ice).
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