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What is a planet?

has "cleared the 
neighborhood" 
around its orbit

Body in orbit 
around the Sun

has sufficient mass to assume 
hydrostatic equilibrium

C C 0  P u b l i c  
D o m a i n



So what’s an exoplanet…

BALLPARK:

Any ‘planet-like’ object below 
13 Jupiter masses (MJ) 
outside of our solar system

C U R R E N T LY  N O  
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P O P U L A R  W AY S  T O  
D E T E C T  A N  E X O P L A N E T



J A S O N
W A N G ,  e t  a l

D I R E C T  I M A G I N G

Biased towards young, 
hot worlds

HR 8799
30Myr 1.5 M⊙ 4.9 L⊙

Block out starlight using 
coronagraph

(1 in 10,000,000,000)

Only proven method of direct 
detection



M I C R O L E N S I N
G

Extremely difficult /  
impossible to follow-up

Background star ‘magnifies’ 
light from exoplanet

Discovers exoplanets 
10,000’s of light years away

N A S A





T r a n s i t  P h o t o m e t r y

Exoplanet’s radius Rp can 
be discovered through 
change in Stellar flux, F

3 transits are 
needed to confirm 
detection

N A S A



T R A P P I S T - 1

E S O /
M .  G i l l o n  e t  a l
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OF ALL 
PLANETS 

DISCOVERED

70%
INTO A 3.5 
YEAR LONG 

MISSION

9.5YRS
W HEELY 
BAD 
REAC TOR 
W HEEL S2

OF THE NIGHT SKY 
MONITORED FOR 

EXOPLANETS

5%



N A S A  A M E S





T H E  T E S S  M I S S I O N

T W O  Y E A R  
M I S S I O N

‘ A L L - S K Y ’  
S U R V E Y

P R E - S E L E C T E D  
2 0 0 k  – 4 0 0 k  H I G H  

P R I O R I T Y  S T A R S



S U R V E Y I N G  ~ 8 5 %  O F  N I G H T  S K Y

G .  R I C K E R  E T.  A L ,  2 0 1 6



T E S S ’  P R I M A RY  O B J E C T I V E S

S E A R C H  F O R  P L A N E T S  
W I T H  L O N G  O R B I T S  
N E A R  T H E  E C L I P T I C  

P O L E S

D E T E R M I N E  T H E  
M A S S E S  F O R  A T  L E A S T  
5 0  P L A N E T S  S M A L L E R  
T H A N  4  E A R T H  R A D I I

D I S C O V E R  P L A N E T S  
O R B I T I N G  N E A R B Y  

S T A R S              

( P  <  1 0 ,  R  <  2 . 5 R ⊕ )  



G .  R I C K E R  E T.  A L ,  2 0 1 6

E X P E C T E D  E XO P L A N E TA R Y  
Y I E L D  F R O M  T E S S

P  S U L L I V A N  E T. A L ,  2 0 1 5



G .  R I C K E R  E T.  A L ,  2 0 1 6P  S U L L I V A N  E T. A L ,  2 0 1 5



TOO MANY PLANETS

NOT ENOUGH TELESCOPES









M I N E RVA  A U S T R A L I S

O N L Y  D E D I C A T E D  
O B S E R V A T O R Y  I N  T H E  

E N T I R E  S O U T H E R N  
H E M I S P H E R E

5  S E P A R A T E  
T E L E S C O P E S  

( 0 . 7 m )

4  D E D I C A T E D  T O  
D O P P L E R  

S P E C T R O S C O P Y





THE DO PPLER PRO CESS

1

O B S E R V E  
S TA R  W I T H  

‘ C A N D I D AT E
’

2

S P L I T  L I G H T  
U P  T O  L O O K  

F O R  ‘ W O B B L E ’

3

S TAT I S T I C A L LY  
A N A LY S E  
S I G N A L

H O O R AY,  
Y O U ’ V E  F O U N D  

A  P L A N E T !

4



Resolving power of ~ 
80,000 with a range 
from 500 - 630 nm

Designed to detect ‘Super-
Earths’ within HZ of nearby 
bright stars

H I R E S

S P E C T R O G R A P H …



D O P P L E R  P R O C E S S

Observed wavelength changes 
from rest wavelength

Using the Doppler equation, relate 
wavelength to velocity

H A R V A R D - S M I T H S O N I A N  
C E N T E R  F O R  A S T R O P H Y S I C S



H D  7 6 9 2 0 b





D O P P L E R  P R O C E S S

From Kepler’s laws radial velocity v,  

W I T T E N M Y E R  e t  a l

𝒗 = 𝑲 [𝒄𝒐𝒔 𝝎 + 𝝂 + 𝒆𝒄𝒐𝒔𝝎]

HD 33844b
P = 551 days , e = 0.15, w = 211, K = 33.5 m/s, msini = 1.96 MJ

Semi-Amplitude K is related to the 
planet mass Mp by:



T HE DO PPLER  PRO CESS

1

O B S E R V E  
S TA R  W I T H  

‘ C A N D I D AT E
’

2

S P L I T  L I G H T  
U P  T O  L O O K  

F O R  ‘ W O B B L E ’

3

S TAT I S T I C A L LY  
A N A LY S E  
S I G N A L

H O O R AY,  
YO U ’ V E  

F O U N D  A  
P L A N E T !
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PLANET DETECTION RECIPE FROM RV



PLANET DETECTION RECIPE FROM RV



MINERVA-AUSTRALIS





IS IT A PLANET THOUGH?

• Stellar Rotation
2

• Spots, Faculae and Plage Regions
2

• Asteroseismology
2

• Still unknown how to fully and 
reliably model all activity-induced RV 
variations



FROM DETECTION TO 
CATEGORISATION…
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C U R R E N T  E XO P L A N E T  S TAT S



• Mass: 1.25 – 10 Earth masses

• Radius: 1 – 1.6 Earth radii

• ‘Terrestrial’

• Vague general term

WHAT’S A  ‘SUPER-EARTH’ or ‘SUB-NEPTUNE’

• Class of ‘Super-Earth’

• Radius range 1.6 – 4 Earth radii

• ‘Ice World’

• Lack of compositional data



TRANSIT = SIZE DOPPLER = MASS 

T H E S E  M E A S U R E M E N E T S  A L O N E  C A N  
T E L L  U S  A  L O T  A B O U T  A  P L A N E T …





DORN’S BAYESIAN 
MODEL

Planetary mass and radius

Stellar abundances of iron, silicon 
and magnesium

Stellar radius and effective 
temperature

Semi-major axis

Minor composition of mantle

PRIORS

+ assumptions



S T E L L A R  
A B U N D A N C E S

Each atom has a unique barcode 
known as absorption lines

Strength of lines is proportional to 
elemental abundance

H A R V A R D - S M I T H S O N I A N  
C E N T E R  F O R  A S T R O P H Y S I C S

Can start to create a stellar 
ingredient list

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



STELLAR-PLANET CONNECTION

Elemental abundance ratio of 
Mg/Si and Fe/Si are similar 
for both star and planet

Fe/Si controls 
core to mantle 
ratio

Mg/Si controls what 
silicates will dominate 
in mantle

R I C A R D O
R A M I R E Z



GALACTIC ARCHAEOLOGY 
SURVEY

High resolution spectrograph 
survey determining the 
abundances for 300,000+ 
southern stars

Overlap with 
TESS high priority 
stars

Exoplanetary community to 
utilise data in categorising 
newly found worlds

S H U T T E R S T O C K
A N D R E A  I Z Z O T T I



N O W  L E A R N I N G  A B O U T  T H E  
P L A N E T A R Y  M A K E U P  A N D  

H A B I T A B I L I T Y  L I K E  N E V E R  B E F O R E

U N T E R B O R N  1 8
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