
The	  
astrophysics	  
of	  the	  PLATO	  

space	  
mission-‐	  	  

	  
	  
	  
	  
	  

“Living	  with	  
Stars”	  



Cosmic Vision is centered around four Grand 
Themes: 

1.   What are the conditions for planet formation and  
 the emergence of life? 

•  From gas and dust to stars and planets 
•  From exo-planets to biomarkers 
•  Life and habitability in the Solar System 

2.   How does the Solar system work? 

3.   What are the Fundamental Physical Laws of the 
Universe? 

4.   How did the Universe originate and what is it made of? 
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	  First:	  In-‐depth	  analysis	  of	  terrestrial	  planets.	  
	  Next:	  Understanding	  the	  condi6ons	  for	  star	  &	  	  
planet	  forma6on,	  and	  the	  origin	  of	  life.	  
	  Later:	  Census	  of	  Earth-‐sized	  planets,	  explora6on	  of	  
Jupiter’s	  moon	  Europa.	  
	  Finally:	  Image	  terrestrial	  exoplanet.	  



The	  PLATO	  mission	  statement	  
From	  planet	  frequency	  to	  planet	  characterizaDon	  

 PLATO shall, using the transit method & asteroseismology, 

discover and characterise, with high precision large numbers of 

small, close by planets. (ESA‘s EPRAT roadmap 2010)  

•  Precision in exoplanet radius < 2% and mass < 10% 

•  Precision in age is < 10 – 20 %  

The result will be a catalogue with : 
•  The planetary Masses, Radii à Derivation of mean density as well as 

constraining the scale height and composition of any atmosphere 
•  The Age à puts the planets and planetary system into an 

evolutionary sequence to be compared with that of the host star 

•  The catalogue will provide the necessary unique data allowing future 

spectroscopic studies and interpretation of exo-atmospheres, 

potential biospheres and ultimately searching for biomarkers 



Ultimate goal of  exo-planetology is to 
understand ourselves!
 
    Where we come from?

    Where we are going?

    Where and when does life arise? 
    How does planets evolve?
    What makes a planet habitable?
    How do planetary systems form and evolve?
    Is our Solar system special?
    Is the Earth unique, has life developed elsewhere?






    Place the Solar System in context!

Carry out Comparative Planetology across 
interstellar distances viz.

- Analyse Solar System objects through 
observations and in-situ measurements!

- Define parameters measurable across 
interstellar distance to compare systems!

- Observe large enough sample to be statistically 
significant and to study evolution!



We need to find planets of  all kinds but 
particularly small Earth-like ones

We need to determine physical parameters of  these 
bodies (Mp, Rp, ages) è average ρplanet , 
Evolutionary stage of  the planet

And.... We need to do this for a large 
sample

We need to understand the diversity of  planetary 
systems as a function of  type of  system e.g.
 Is it a compact system? 
 Or a solar system like one? 
 What kind of  planetary composition?



We need to understand more fully the star – planet 
connection!!!

“Living with a star”

- How does the formation process impact both star 
and planet(s)?

- How does the stellar evolution impact the 
planetary evolution – and vice versa?

- How does the star and stellar evolution impact 
the habitability – and life itself ?





Where do the error bars come from? ....Apart 
From actual measurement errors? 
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So if we want to know the planetary mass, radii,  with a precision 
better than ~ few % we must know the parameters of the star to a 
few percent 



Why do we need masses AND radii? 



Planet diversity from CoRoT, Kepler and MOST, Dressing 
et al. 2015 

  
  
           





-‐	  Study	  planet	  evoluDon	  	  
-‐	  age	  must	  be	  known	  beHer	  than	  the	  
evoluDon	  Dmescales	  
-‐	  Targets	  of	  future	  characterizaDon	  	  

	  	  dated	  by	  PLATO	  (Earth-‐like,	  but	  also	  	  
	  	  Neptunes,	  hot	  Jupiters…)	  

Impact	  of	  age	  measurement	  

What we can do now: 

- Place exoplanetary systems into an 
evolutionary context 

- Date targets for future spectroscopic 
follow-up observations 

Magnetosphere 
Carbon-silicate cycle 

Oxygen rise 
Ozone layer 

Proto Earth 



-‐	  Study	  planet	  evoluDon	  	  
	  -‐	  Impacts	  on	  atmospheric	  evoluDon	  

	  -‐	  Impacts	  on	  geological	  evoluDon	   	  	  	   	  
	  	  	  (tectonics)	  
	  -‐	  Atmosphere/interior	  connecDon	   	  	  	  
	  	  	   	  	  	  (outgassing	  and	  impacts)	  
	  -‐	  Impacts	  on	  life	  

	  

Study	  of	  exo-‐atmospheres	  

What can do now: 

- Find targets that can be observed in low-
resolution mode (e.g. ground, space) 

- Find targets that can be observed in 
more detail later (e.g. Darwin/TPF) 



Trying to understand the 
host star
Spectroscopy is one tool

The models themselves 
have internal errors of  
the same order or larger 
than the measurements



Stellar	  Masses	  and	  radii	  

We	  have	  a	  	  stellar	  mass	  radius	  
relaDon	  
R	  =	  M0.8	  assumed	  for	  main	  
sequence	  stars.	  
This	  has	  been	  derived	  using	  binary	  
stars	  and	  modeling	  è	  

But	  in	  reality	  è	  

è	  Errors	  >	  20%	  and	  in	  
the	  mass	  range	  where	  
our	  interest	  will	  be	  





Red	  is	  1	  sigma	  and	  green	  is	  3	  sigma	  uncertainDes	  in	  current	  stellar	  parameters	  



How	  can	  we	  (significantly!)	  improve	  the	  determina?on	  of	  
radii	  and	  masses	  of	  stars?	  

In	  order	  to	  determine	  the	  mass,	  the	  radius	  and	  the	  age	  of	  
the	  star	  with	  high	  accuracy	  

p-‐modes	  are	  acousDcal	  
waves	  where	  the	  correcDng	  
force	  is	  the	  pressure	  

The	  Sun	  oscillates	  because	  acousDcal	  
waves	  are	  excited	  stochasDcally	  by	  
convecDon.	  
There	  are	  two	  kinds	  	  g-‐modes	  and	  p-‐
modes	  



The P-modes causes the total 
light output to flicker with 
amplitudes of ppm. If we take 
the power spectra high 
quality light curves of solar 
type stars we find: 

3:rd magnitude GIII at 130 ly 60LO 

G0 IV 37 Ly metal rich 

G2IV ~ 6.7 Gyr Li rich 3.53 
LO 

G2V, 4.85 Gyr Solar 
analogue similar to β Hydri 





High regular frequency structure! This is a 
consequence of: 

Ignore rotation at this resolution 
n and l are overtone and degree 
respectively 
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Asteroseismology	  101	  
	  

•  P-‐modes	  in	  stars	  with	  Teff	  <	  7000K	  
•  Excited	  stochas?cally	  by	  near-‐surface	  
convec?on	  

•  High	  radial	  order	  

€ 

νnlm ≅ Δν0 n + l /2 +ε( ) − l l +1( )D0 +mΔνrot
Δν0 ∝ ρ*

1/ 2
Δνrot =1/Πrot

νnl	  is	  cyclic	  frequency,	  l	  is	  the	  degree	  (l=0	  is	  radial	  
pulsaDon;	  Δν0	  is	  closely	  related	  to	  the	  inverse	  sound	  
speed	  and	  thus	  stellar	  density;	  D0	  depend	  on	  condiDons	  
near	  centre	  è	  stellar	  age;	  ε	  depend	  on	  condiDons	  just	  
below	  the	  surface	  	
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soundspeed 



Asteroseismology – providing mass and age 
of host stars 

3.	  Inversions	  +	  mode	  ficng	  	  

	  	  	  	  à	  consistent	  ρ,	  M,	  age	  

1.	  Large	  separaDons	  Δ0	  ∝	  √M/R3	  	  
	  	  	  	  à	  mean	  density	  
2.	  Small	  separaDons	  d02	  	  
	  	  	  	  à	  probe	  	  the	  core	  à	  age	  

Asteroseismology has been 
successfully applied to bright 
Kepler stars, showing how 
powerful this technique is. 



Chaplin et al, 2011, 2011Sci...332..213C 



Chaplin et al, 2011, 2011Sci...332..213C 

Figure S3: Zoom on the central frequency region of the oscillations 
spectrum plotted in Fig. S2, to show the large frequency separation, ∆ν. 



νmax	  is	  the	  frequency	  of	  maximum	  power	  of	  the	  oscillaDons.	  For	  
the	  Sun	  it	  is	  3090+/-‐30	  µHz	  

Δν	  is	  the	  large	  frequency	  separaDon	  between	  consecuDve	  
overtones.	  For	  the	  Sun	  it	  is	  =135.1+/-‐0.1	  µHz	  

There	  exist	  scaling	  relaDons	  accordingly:	  

With	  Teff,Sun	  =	  5777K	  



Kepler asteroseismology 

Blow-up showing l=0,1,2 

P-modes in Hat-P-7 

Δν0	  for	  l	  =	  0,1,2;	  filled	  symbols	  
is	  data,	  open	  is	  model	  3	




Kepler asteroseismology 

Kepler result is following: 

Planet parameters are now known to < 5% instead of 
>50%!!! 

2010ApJ...713L.164C	  Christensen-‐Dalsgaard	  et	  
al	  







The PLATO 2.0 Mission 
Selected as ESA‘s M3 

•  PLATO will provide a large catalogue of highly  
     accurate bulk planet parameters:  

•  radii (transit) 
•  masses (RV follow-up) 
•  mean densities  
•  ages (astroseismology) 
•  well-known host stars 
 

•  Focus on warm/cool Earth to super-Earths, 
up to the habitable zone of solar-like stars 

 
•  Focus on solar-like host stars to put the Solar System into context 
 
•  Observe bright stars for feasible RV follow-up and targets for 

atmosphere spectroscopy by e.g. JWST, E-ELT, future space missions 

•  Provide a huge legacy for planetary, stellar and galactic sciences  



PLATO instrument 

- 32 « normal » 12cm cameras, cadence 25 sec 
-  2 « fast » 12cm cameras : cadence 2.5 sec, 2 colours 
-  dynamical range: 4 ≤ mV ≤ 16 
-  Nominal mission 6 years, FOV 48.5 x 48.5 deg = 2250 sq deg 

Very wide field + large collecting area : multi-instrument approach 

34 

•  Cameras are in groups 
•  Offset to increase FoV 
•  Nominal mission covers ½ the sky 

Two designs that 
can do the job 

Multi-telescope approach give 
-  Large FOV (Large number of 

bright stars) 
-  Large total collecting area 

(provides high sensitivity 
allowing asteroseismology) 
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Basic observation strategy 

3	  years	  +	  2	  years 	   	   	   	  comply	  with	  duraDon	  requirement	  
very	  wide	  field	  +	  2	  successive	  long	  monitoring	  phases:	  	  

ESA Cosmic Vision      Dec 1 2009         PLATO:  PLAnetary Transits and Oscillations of stars 35 
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 25% of the whole sky ! 

CoRoT 

step	  and	  stare	  phase	  (1	  year)	  :	  N	  fields	  for	  3-‐5	  months	  each	  
-‐ 	  increase	  sky	  coverage	  	  	  	  	  	  	  	  	  	  	  -‐	  potenDal	  to	  re-‐visit	  interesDng	  targets	  

	   	   	   	   	   	  	  	  	  	  	  -‐	  explore	  various	  stellar	  environments	  

ESA Cosmic Vision      Dec 1 2009         PLATO:  PLAnetary Transits and Oscillations of stars 

Basic observation strategy 
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CoRoT 
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Kepler 

CoRoT CoRoT 

step	  and	  stare	  phase	  (2	  years)	  :	  N	  fields	  for	  3-‐5	  months	  each	  
-‐ 	  increase	  sky	  coverage	  	  	  	  	  	  	  	  	  	  	  -‐	  potenDal	  to	  re-‐visit	  interesDng	  targets	  

	   	   	   	   	   	  	  	  	  	  	  -‐	  explore	  various	  stellar	  
environments	  
  42% of the whole sky ! 

ESA Cosmic Vision      Dec 1 2009         PLATO:  PLAnetary Transits and Oscillations of stars 

Basic observation strategy 

37 



The Method(in brief) 

Techniques 
Example: Kepler-10 b 

Photometric transit 

Asteroseismology 

RV –  follow-up 

Characterize bulk planet parameters  
Accuracy for Earth-like planets 
around solar-like (F – K) MS stars: 

§  Radius < 2% 
§  mass  < 10% 
§  age known to ~ 10% 

bright host stars: 
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Number	  of	  light	  curves	  



Follow-‐up	  




