Astronomy 330

This class (Lecture 9):

Exoplanets

Next Class:

Killer Supernova
(Brian Fields)

HW 3 is due Wednesday!

Music: Planet of Sound— Pixies

Outline

* Today we estimate f,?
» Exoplanets — they are all over the place.
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Presentations

* Aaron White

e Connor Simmons:
Cyborgs in Space

Drake Equation
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Planet Formation in the Disk

Heavy elements clump

1. Dust grains collide, stick, and form
planetesimals— about 10'? of them,
sort of like asteroids! All orbit in the
same direction and in the same
plane.

2. Gravity Effects: Big planetesimals
attract the smaller planetesimals.
So, fewer and fewer of large objects
(100’s). Collisions build-up inner
planets and outer planet cores.

3. Collisions can also account for odd
motions of Venus (backwards),
Uranus (rotates on its side), and
Pluto (high inclination of orbit).
Proof of period of high collision
evident on moon

Fates of the Planetesimals

» Between Mars and
Jupiter
— Remain as the asteroids
» Near Jupiter & Saturn

— Ejected from the solar
system

* Near Uranus & Neptune
— Ejected to the Oort Cloud
* Beyond Neptune

— Remain in the Kuiper Belt

i

Heavy Bombardment

There were billions of
planetesimals in the
early solar system
Many collided with
the young planets

— Look at the Moon &
Mercury!

— Period of heavy bombardment
— Lasted for about the first 800 million years of the Solar System

Others were ejected from the solar system...

Everyone Loves Disks

As the star forms, the inner region of the disk gets much
hotter than the outer regions, creating a temperature
gradient.

The inner part of the disk had a higher density than the
outer regions.

Icy mantles of dust grains (NH,;, CH,, etc.) evaporated at
varying distances. B Cooler

Hotter



Why are the Planets so
Different?

» Temperature is the key factor
* Inner Solar System: Hot
— Light gasses (H, He) and “ices” vaporized
— Blown out of the inner solar system by the solar wind

— Only heavy elements (iron & rock) left
* Outer Solar System: Cold

— Too cold to evaporate ices to space

Protosun

— Rock & ice “seeds” grew large enough to pull gasses
(H, He) onto themselves

Star Formation - Summary

Formation of the Solar System

°J1° Giant molecular cloud Young stellar object
4 .6 bllllon years agO Dust-shrouded core with bipolar outflow =
Age ~ 105 yr Age ~5x 10 yr
o
(]
o
[}

rotoplanetary disk?

Main-sequence star
Age 107 — 108 yr
Hydrogen fusion powered
Creates emission or reflection nebula
Inhibits / stimulates further star form.

Magnetically active
protostar (T Tauri star)
Age ~5x 108 yr
Gravitational collapse
powered




Question
A star is born. Which of the following did not happen?

a) the nuclear strong force created gravitational
instabilities.

b) a gas cloud clumped because of gravity and began
to collapse.

c) a protoplanetary or circumstellar disk formed due to
conservation of momentum.

d) an outflow or jet of material was ejected from the
system.

e) fusion began due to heat and pressure.

Test Of
Exoplanets

Planets around other stars
= extrasolar planets = “exoplanets”

Would our solar system nebula formation theory account
for other solar systems around other stars?

Hard to find!

Reflected light from the Earth is 1 billion times fainter
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What Are We Looking For?
General Predictions of Solar Nebula Theory

Are interstellar dust clouds common? Yes!
Do young stars have disks? Yes!

Are the smaller planets near the star?

Are massive planets farther away?

Finding Planets
Radial Velocity: Stars will wobble.
Astrometry: See the stars move.
Transit Method: Occultation.
Direct Detection: Direct imaging.

Only a few planets have been detected directly
in the optical and IR. Remember that planets
in our Solar System seem bright because they
reflect light from the Sun in the visible.



Transits

» The planet passes in front of the
star— like Venus 2004. o

* Can find planet radius
* Best chance of finding Earth-

relative flux

like planets
0.98
Planet * Requires the extrasolar planet’s
orbital plane to be pointed at = o =
Brightness Earth e

Transit decreases light of star .

Star Wobble: Radial Velocit
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Star Wobble: Radial Velocity i

Newton’s 3™ Law: ’ N
* Both planet and star move / » @
oup . [ > ¢ Star movement too small to see
* Both orbits fixed around the \ / . . .
“ e \ / — Moves in small, tight circle
center of gravity ~ . )
Ss o _-- — But “wobble" in star speed
Star - b === detected!
ar’s period? Flace your befs... Greatly exaggerated — The stellar spectrum is shifted
— Same as planet red and blue as it moves

towards us and away from us. [JEETEETTE: TR RE—
Stellar Wobble )




The Sun’s Wobble

Radial Velocity Shifts:
Planets around other Stars?

Astrometric displacement
of the Sun due to Jupiter
(and other planets) as at
it would be observed from
10 parsecs, or about 33
light-years.

If we could observe this,
we could derive the
planetary systems— also
called astrometry.

Early Discovery-- 1996
PLANETS AROUND NORMAL STARS

. . .
MERCURY VENUS EARTH MARS

nasa.gov/Keck/astro_tech.html
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The 178 Known Nearby Exoplanets
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20 Known Multi-Planet Systems

Exoplanets: s — @i

55Cnc

Results to Date
HIP 14810 ® —039M, 9sM
Over 349 planets detected so far Dy @
¢ More than 25 times the number in ) HD 69830 o o, o,
our Solar System! More than 20 multi-planet munn e,
systems! HD 19es60 ~ @+
HD 38520 o 5sM,, { ZLS
* By measuring the wobble o . iDrass @) e e
variation: Note: Jupiter is 318 times the sy © 00n. o
— With time, gives the planet mass of Earth or :: o ,, . :
distance: Kepler’s 3" law M = 0.003 M, H”:; R
— The orbital speed of the star gives M, =0.001 Mg, - — .
masses: the bigger the wobble M, g dwart = 80 M 1D 303306 o -
amplitude, the heavier the planet o ) HD 12661 oum,
P ’ p Mbrown dwarf — 18 MJ HD 108574 - s
Period; = 12 years D ——
47UMa 0:0My, M,
Srbital Semimaios Axis (AU)  ° ! | I ! L j
Orbital Semimajor Axis (AU) GattoniaCamogio
o 1 2 3 4 5 6

Semimajor Axis (AU) gﬂ:{g:f;l:;g'fvﬂegie

Lists Fomalhaut

* First planet imaged in visible light
* Orbits at 115 AU!
* Probably JRUNSISSENY

Fomalhaut b Planet

http://
hubblesite.org/
newscenter/
archive/releases/
2008/39/image;



HR 8799 COROT-Exo-7b
* First detection of exoplanet in IR. * Discovered last year.
* Three planet system * Smallest planet yet, only
— 10 M, (24 AU) 1.7 Earth diameters.
- 10 M; (38 AU) * But, probably 5-10 Earth
- TM; (68 AU) masses
2 * Orbits freaky close—
5- %\;‘,N\ 20 hours (0.017 AU)!
% ( § ‘%{x}' ' * Hot! Might even be lava.
g
& : a [NRC HIA/ IDP'S{ KECK
Exoplanet Weather Kepler Mission
* Transiting Planet: HD 189733 b (orbit of 0.03AU) * Launched March 7, 2009
» Surface temp estimated by Spitzer * Meant to find planet transits

» Atmosphere has water vapor and methane!
* Surface temp of 1000 K.




* First results announced in Jan 2010
* 6 new short-period planets discovered

e

Kepler Mission

— 4 larger than Jupiter

— 1 similar to Neptune

— 1 weirdo: 50% lighter but 50% bigger than Jupiter

Detecting the Solar System I

(density between styrofoam and cork)
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Other Planets, Other Stars

47 Ursae Majoris
System— 51 light
years away (near
the Big Dipper).
13 years of data
has shown 2
planets— 1 Jupiter |

like and 1 Saturn
like.

Wow! Among the most similar to our own system

Discover!

Exoplanet Discoveries by Year (1989-2009)

-
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

# phnets dicovered

°
year

http://en.wikipedia.org/wiki/File:Exoplanet_Discoveries_by_Year_2009.png



No surprise
v New planets are massive
v" Why? Big planets make
a big wobble
v" If not massive, we could
not have found them
v About 3-5% of all stars have

Results to Date

some type of planet.
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What Are We Looking For?

General Predictions of Solar Nebula Theory

Are interstellar dust clouds common? Yes!
Do young stars have disks? Yes/!
Are the smaller planets near the star?

Not the ones found so far! Haven’t found smaller

planets yet!

Are massive planets farther away?
Not most of the ones found so far!
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Results to Date

Big surprises
? Most periods of only a few days!

? Most planets are very near their
stars!

? 1 Bootes’ planet is 3.6 times
Jupiter’s mass, but it’s orbit
smaller than Mercury’s!

? If a Jupiter-like planet formed
close in, perhaps that prevents terrestrial planets from
forming.
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Important Caveat

* Our current observations of extrasolar planets do not
exclude planetary systems like our solar system
» Current instruments are most sensitive to large planets
close to their stars
— Big planet - big wobble
— Close planet - fast wobble
* We only have a little over 10 years of data —
1 orbit’s worth for Jupiter

» To find solar-type systems, we need more sensitive
equipment



Exoplanets: Implications

Solar Nebula Theory:
Giant planets born far from star

Exoplanet Data:
Giant planets found very close

Theory is incomplete/wrong!

New questions:

? Who is normal: Them or us?

? Are giant planets born close in?

? Are some giant planets born far out, move in?
“planet swallowing™!?!

Anyway: Planets are common!
v Good news in search for life elsewhere...maybe

A Future Mission?

The goal of imaging
an Earth-like planet.

5 platforms of 4
eight meter
interferometer in
space.

30.html

Question

We have only mostly detected Jupiter-sized planets around

d)
e)

other stars because

lower mass planets collide with the star.
Jupiter-type planets are just nicer to look at.

the technology of the detection techniques make
detecting massive planets easier.

they represent burned up corpses of binary star systems.

low-mass planets like those in our solar system are freak
occurrences

A Future Mission

Pixel s Pixel size @ x
Diameter planet (kn) Interferometer Requirements

Collecting Area Baseline

IR 144 km? 100,000 km
Visible 1,296 km® 5,000 km

IR 0.64km? 24,000 km
Visible 5.76 km? 1,200 km

Pixel Pixel size @
Diameter  planet (km) Interferometer Requirements

Collecting Area Baseline

IR 1,024 m* 6,000 km
Visible 9,216 m2 303km




