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Domain

What is a planet?

has "cleared the
neighborhood"
around its orbit

Body in orbit has sufficient mass to assume
around the Sun hydrostatic equilibrium



So what’s an exoplanet...

BALLPARK:
‘Qg Any ‘planet-like’ object below
N\ :
] 13 Jupiter masses (M)
outside of our solar system

CURRENTLY NO
CCEPTED DEFINITION
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GOLDEN ERA OF
EXOPLANETS
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POPULAR WAYS TO
DETECT AN EXOPLANET

2965 39




HR 8799
30Myr 1.5 Mp 4.9 L

Block out starlight using
coronagraph

(1in 10,000,000,000)

Only proven method of direct
detection

Biased towards young,
hot worlds

2009-07-31

JASON =
WANG, et al II



NASA

’

Background star ‘magnifies
light from exoplanet

Discovers exoplanets
10,000’s of light years away

Extremely difficult /
impossible to follow-up
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Transit Photometry

3 transits are Exoplanet’s radius R, can
needed to confirm be discovered through

detection change in Stellar flux, F
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NASA AMES
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WHEELY

9.5YRS

@ BAD
@ @ REACTOR
WHEELS INTO A 3.5
YEAR LONG
O MISSION
7 0 /0 59/
OF ALL 0@
OF THE NIGHT SKY
PLANETS MONITORED FOR
EXOPLANETS
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NASA AMES
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TRANSITING EXOPLANET SURVEY SATELLITE

DISCOVERING NEW EARTHS AND SUPER-EARTHS
IN THE SOLAR NEIGHBORHOOD



THE TESS MISSION

&)

PRE-SELECTED
200k - 400k HIGH
PRIORITY STARS



SURVEYING “85% OF NIGHT SKY

ECLIPTIC POLE

27 days
54 days

81 days

. o ! | . .
\‘;{\ %AHONSECTOR‘ l ﬁ 1% [

OBSERVATION SECTOR. | OBSERVATION SECTOR

351 days

.JWST R
continuous 5, %

Ecliptic viewingzone ~****

latitude 6°

G. RICKER ET. AL, 2016




TESS” PRIMARY OBIJECTIVES

PLANETS SEARCH FOR PLANETS DETERMINE THE

WITH LONG ORBITS MASSES FOR AT LEAST
NEAR THE ECLIPTIC 50 PLANETS SMALLER
POLES THAN 4 EARTH RADII



EXPECTED EXOPLANETARY

YIELD FROM TESS
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The Future of Exoplanet Detection
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TOO MANY PLANETS
NOT ENOUGH TELESCOPES
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MINERVA AUSTRALIS

A=

5 SEPARATE 4 DEDICATED TO
TELESCOPES DOPPLER
(0.7m) SPECTROSCOPY







THE DOPPLER PROCESS

3
SPLIT LIGHT HOORAY,
UP TO LOOK YOU’VE FOUND
FOR “WOBBLE’ A PLANET!

OBSERVE STATISTICALLY
STAR WITH ANALYSE
‘CANDIDATE SIGNAL




The Light Path of the High-Resolution Echelle Spectrograph

| 2b. Collimator 3. Echelle Grating
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Collimator —= . 1. Viewing Slit

6. Mirror

5. Correction Lenses

7. Field Flattener
8. CCD (hidden behind field flattener in this view)

Designed to detect ‘Super- Resolving power of ~ AL
Earths” within HZ of nearby 80,000 with a range R~=—

bright stars from 500 - 630 nm
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HD 76920b



Phaethon

\

Venus

Earth




DOPPLER PROCESS D 33848

P =551 days, e=0.15, w =211, K= 33.5 m/s, msini=1.96 M)

From Kepler’s laws radial velocity

60.00 [ y

40.00 | + '
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20.00 :N y
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THE DOPPLER PROCESS

3
SPLIT LIGHT HOORAY,
UP TO LOOK YOU’VE
FOR “WOBBLE’ FOUND A

PLANET!

OBSERVE STATISTICALLY
STAR WITH ANALYSE
‘CANDIDATE SIGNAL
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PLANET DETECTION RECIPE FROM RV

4.94 days " FAP < 0.001%
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dRV [m/s]

Residuals [m/s]

PLANET DETECTION RECIPE FROM RV

-
50 [ ég”
- £
A
0 %

50 |

=100

a NOT/FIES
H I i | i

- |
| ® HET/HRS |

T T T T
100 -

50 [

50 ¢
~100 F
i [ 1 i

Eo[oh Cme EemOD PieS

FAP < 0.001%

ulloifin

YAVAVAY S

100




MINERVA-AUSTRALIS

-~ Super-Earth Boundary
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FROM DETECTION TO
CATEGORISATION...
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TRANSIT = SIZE DOPPLER = MASS

ESE MEASUREMENETS ALONE CAN
L US A LOT ABOUT A PLANET..
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Model |

DORN’S BAYESIAN
MODEL

Model Il

PRIORS

Planetary mass and radius

Stellar abundances of iron, silicon
and magnesium

Stellar radius and effective
temperature

Semi-major axis

Minor composition of mantle

+ assumptions
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Each atom has a unique barcode
known as absorption lines

Strength of lines is proportional to
elemental abundance

Can start to create a stellar
ingredient list

Stars with high [Fe/H] are known
to host larger planets

D-SMITHSONIAN
FOR ASTROPHYSICS

@l




STELLAR-PLANET CONNECTION

Elemental abundance ratio of Fe/Si controls Mg/Si controls what
Mg/Si and Fe/Si are similar core to mantle silicates will dominate

for both star and planet ratio in mantle

RICARDO
I RAMIREZ




High resolution spectrograph Overlap with Exoplanetary community to

survey determining the , D 2 _ .
abundances for 300,000+ TESS high priority utilise data in categorising

newly found worlds

southern stars stars

GALACTIC ARCHAEOLOGY
SURVEY
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NOW LEARNING ABOUT THE
PLANETARY MAKEUP AND

HABITABILITY LIKE NEVER BEFORE
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