EXTRASOLAR PLANETS
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The discovery of exirasolar planesis in the past decade was one
of the rnost remarkable achievernents of the century, and the

culrnination of centuries of speculation.
National Acaderny of Sciences, 2000 Decadal Review of Asirophysics

f rodern asirophysics.
'for the | m{rd cacde

| Review of Astrophysic

UE“N 5

)

o]



"There are countless suns
and countless earths all
rotating around their suns in
exactly the same way as the
seven planets of our system

. The countless worlds in
the universe are no worse
and no less inhabited than
our Earth”

Giordano Bruno
in De L'infinito
Universo E Mondi




How are exoplaneis found?

Direct imaging - nearest stars < 30 light years
Transits — distant stars > 2000 lights years
Microlensing — distant stars > 30,000 light years
Astrometry — nearest stars < 30 light years

Doppler spectroscopy — nearest stars < 200 light years









Doppler Shift due to
Stellar Wobble
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Echelle Spectrometer
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Spectrometer
Wizard:
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Steve Vogt
UC Santa Cruz
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Relative Flux

Key to Doppler Measurements:

Wavelengin Calloratior
SPECTRAL SYNTHESIS
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® The radial
velocity of
the Sun as it
orbits the
center of
mass of the
Solar
System.
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The First Decade:

3 m/s Discovery of (Giant) Exoplanets

1 mi/s

Hot Jupiters
Eccentric Planets

The Next Decade:

Discovery of Super-Earths
Discovery of Potentially Habitable Planets

The Decade Afier:

Giant Telescopes & Adaptive Optics
Space-based telescopes?

Direct Imaging & spectroscopy
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Single telescope

10 Earth-Masses

P = 506 d M = 10 Mgartn M_Star = 0.50 Msyn
Temp = 79.0 C
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Single telescope

P = 506 d M = 5 Mgartn M_Star = 0.50 Msyn
Temp = 79.0 C
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e Nature is cruel and vicious, doesn’ t give
up secrets easily

e The most interesting planets come in
packed systerns

e | ots of planetary signals require lots of
data to disentangle
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Mercury’s orbit

Venus’ orbit

Earth’s orbit




Sun

Gliese 581

Mass of star (in solar masses)
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- Habitable zone

- Possible extension of the habitable
zone due to various uncertainties.
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Orbital phase










Slit asse

Focus act

Thermal enclosure removed




f/11 telescope focal
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: collimator + 4\\ resnel+PMT
beamsplfitt camera \.\

ef rrrreereresess :

Calibration lamp system enabled in configuration shown
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Thermal control

Instrument sees a 25° C isothermal box around i
- Metal plates embedded in foam enclosure

- Closed-loop, re-circulating glycol solution

4" STYROFOAM 1/8" ALUMINUM
HEAT SINK

1/2" ALUMINUM TUBE

TENSION ROD
1/16" ALUMINUM HANDLE BASE PLATE AND BALL VALVE AND—__

FACE SHEET TENSION ROD ANCHOR HOSE ATTACHMENT
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On the Nasmyth Platform
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Side insulation panel is removed to show instrument interior
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And how will we know a planet supports life?

03 Ozone, produced
by plants, algae

s H30 Liquid water

Look for

Look for

i\
(TS

Analyze the

o Look for
reflected :

SIgns of

light from

Methane produced
by living organisms



HD209458: Transiting Planet

HST detects T savelength (nm)
additional sodium ',

absorption due to —— Normal V=M £2 |\ »
light passing through Additional : absorption ~/—(# O » O *LU Up
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Known Planets, March 2013
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4 wide-field

cameras Each with
4k CCD
(10 cm, f/1.6, (4 X CCID
23° FOV |
) e10)
. ..

_ PLEA, 75 Re Transfer Qrbit
High Earth L ' \ \Lunat Flyby
orbit, in 2:1 . :
resonance : | 3.5 Phasing Orbits .
with the Moon | MoonOrbit ' '
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_ Ecliptic |
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__Payload — | -

Boresight 108 DAYS

>162 DAYS

Ecliptic =, JWST Continuous

*~-" Viewing Zone




Known Planets, March 2013
Predicted TESS Yield




The Drake Equation

Number of communicative civilizations

Rate of formation of suitable stars

Fraction of those stars with planets

Nurmnber of “earths” per planetary system
Fraction of those planets where life develops
Fraction of life sites where intelligent life develops
Fraction of planets with technology
Lifetime of comrunicating civilizations




Crucial People:
Steve Vogt, UCSC
Steve Shectman, Carnegie Observatories
Jeft Crane, Carnegie Observatories
Dante Minniti, Catolica Santiago
Pamela Arriagada, DTM
Greg Laughlin, UCSC
Matias Diaz, U de Chile
Chris Tinney, UNSW
Hugh Jones, U of Hertfordshire
Brad Carter, U of Southern Queensland



