
PLATO-2.0 Follow-up

A next generation transit mission
will be efficient 

only with ground-based help

Context'and'organisa.on

S. Udry
University of Geneva

The prime science product of PLATO = sample of fully characterized planets 
(various masses, sizes, temperatures, and ages) 

=> terrestrial planets in the habitable zone of their parent stars. 

=> in addition to the photometric transit detections and asteroseismic characterization, 
a ground-based follow-up support is absolutely required

 

Overall PSPM structure  

 

PLATO Follow-up activities

Questions addressed

• Needs 
- confirmation (false positives)
- planet masses (from RVs)
- tools for optimal planning and operation

 
• Organization of the Follow-up work

- strategy
- work breakdown and interfaces

• Observing facilities
- yield of the mission and telescope time estimate 
- impact of the recent change in the “space-transit” landscape
- available/planned facilities

• Future improvements
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Importance of the  follow-up
Goals - Necessity - Organisation

1) Planet parameters 
 Not obtained from the light curves

- mass, density
- temperature, geometry
- others

2) False positives
 Experience gained from

- ground-based => giant planets
- space => small planets

3) Optimisation
 Enhanced science return

- strategy, organisation
- synergies

Diagnostics  
1) False positives:  causes of transit signals:  giant planets 

Transiting planet

Transiting M companion

Grazing eclipsing binaries
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•'Small2size'planets'

''''=>'add'false2posi.ve'due'to'diluted'
transits'by'giant'planets'on'secondaries

''''=>same'diagnos.cs'applicable

•'sta.s.cal'approach'(BLENDER/PASTIS)
''''=>'Valida.on

1. Large number of expected transit candidates
     => systematic observation of all transits with large telescopes unfeasible 
     => an optimized follow-up scheme has to be organized

2. Same level of precision cannot be reached for all stars
    (spectral type, luminosity class, activity, brightness)

3. Same is true for the RVs and high-contrast imaging

4. Strategy for the follow-up: efficient approach 
• matching targets and adequate facilities 
• freedom of target choice by the observers having needed information in hand 
• minimum number of used facilities per target  

Requirements for the organization of the follow-up (1) 

Two main aspects of the ground-based follow-up of PLATO reside in 
     i) the basic planet characterization through radial-velocity measurements
    ii) discarding false positives -> RV & high angular imaging + photometry

Basic idea:   i) automatic distribution of the targets in boxes according to the needs
                    ii) given facilities will only have access to some of the boxes 
                                                                                           matching their capabilities. 



Targets can move from one box to the next, in an evolutionary way,
depending on results of previous observations

In practice => a multi-step approach
                       from moderate to high-precision instruments 
    - already successfully used in most of the on-going surveys
    - will also nicely apply to PLATO candidates. 

To achieve this goal we need to design and develop 
    - efficient tools for the target repartition
    - user interface and tools for the observers
    - interface between the PDC and the observer 
      able to accept input from the observer as well (web interface)

Requirements for the organization of the follow-up (2) 

Spectroscopy

 

Additional 
planetary science

Interfaces
other WP - PDCSpectroscopy

Imaging-photom
follow-up

Radial-velocity 
follow-up

Strategy & operation 
preparation

Information
transfer

NN

Optimisation
Basic observations Star & limits

=> benchmarks
    - significant amount of available time  
    - competent teams 
    - efficient data reduction  

PLATO follow-up observations: decision chart

OK

OK

False positives
• intrinsic variations
• transit by WD
• blends

- triples
- giant planets transits

No

Confirmed planets
• mass, radius, density
• orbital parameters
• host star characteristics
• science follow-up

High-angular resolution image
• eliminate blend scenarios

Photometric follow-up

Precise radial velocities:
• steps with increasing precision
• adapted to star characteristics

Spectroscopic Reconnaissance
• no CCF (hot star, high vsini)
• binaries

OK

No characterisation
• hot stars
• high rotation
• active stars
• other

No

No

OK

Lightcurve vetting
• period & depth? 
• duration
• shape? ingress-egress time? 
• out-of-transit variations?

Validation

Spectroscopy
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Sub-work packages
can still be redefined 

New WPs still possible
Ideas welcome

Discussion at the
end of this afternoon

Assumptions:
- each star has one and only one planet in each cell 
- planet is detected if a transit signal AND a radial velocity signal are measured
- intrinsic stellar « noise » is taken into account

Expected number of confirmed planets

lower&right&corner&of&the&(orbit,mass)&plane&=&terrestrial&planets&in&the&HZ,&not&covered&by&
Kepler,&will&be&explored&by&PLATO&thanks&to&its&priority&on&bright&stars& 

/PLATO expected numbers of planets

1) Catalog of stars: actual PLATO field or Besançon model
• Mass, magnitude 
• Radius
• Metallicity, activity level 

    (from distributions in the HARPS GTO volume-limited sample)

2) Transit probability and S/N (transit detection) for all (sep,Mpl) planets
• depends on Rstar and magnitude
• depends on planet mass and semi-major axis

3) Calculate RV effect and probability to confirm the signal 
• depends on stellar magnitude and activity level (and vsini)
• depends on planet mass and semi-major axis
• RV precision estimate: 

- stellar noise simulations
- observed HARPS precision from early-type and active stars

Simulations (Y. Alibert et al.)

Planet mass  

Planet Separa*on

(AU)

RV2Amp.2

(m/s)
Jupiter 1 28.4

Neptune 0.1 4.8

Neptune 1 1.5

SuperEarth 0.1 1.4

SuperEarth 1 0.5

Earth 1 0.1

RV&Amplitude&10cm/s&for&Earth&analog

ObservaSon&strategy:&&&&&&
&&&&&&!&minimize&stellar&“noise”&&

Radial&velocity:&photon&starving

Kepler
PLATO



+ activity & granulation effects
   (Dumusque et al. 2010a, 2010b)

Instrument + photon noise

Radial-velocity precision
Assumptions:
- each star has one and only one planet in each cell 
- planet is detected if a transit signal AND a radial velocity signal are measured
- intrinsic stellar « noise » is taken into account

Expected number of confirmed planets

lower&right&corner&of&the&(orbit,mass)&plane&=&terrestrial&planets&in&the&HZ,&not&covered&by&
Kepler,&will&be&explored&by&PLATO&thanks&to&its&priority&on&bright&stars& 

Kepler systems

Copyright: Dan Fabrycky

Very coplanar 
Formation/evolution process?

• Same features as RV systems
Mass distribution

Size distribution
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Psuper-Earth(P<50d) = 30-50%
 Kepler <=> HARPS prediction



PLATO expected numbers of planets
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Not all short-period
planets followed-up

Planet legacy 
on top of
stellar physics

Radial velocity follow-up - Characterization
- adopt subsidiarity principle: optimized use of 1-2m-, 4m-, 8m-class telescopes

- mV≤11 stars, with average level of activity, assuming 15 min x 20 observ. per planet 

- 1-2m-class telescopes: 10m/s ; giant planets on short/medium orbits
1750 stars :   ~900 nights  =  ~50 nights/year x 6 years x 3 telescopes

- 4m-class telescopes: 1 m/s ; giant planets on long orbits, 
super-earths on short/medium orbits
1400 stars :   ~700 nights   = ~40 nights/year x 6 years x 3 telescopes

- 8m-class telescopes: 10cm/s ; super-earths on long orbits, earths on short/medium 
orbits, earths on long orbits around brightest stars (mV < 10)
550 stars : ~240 nights   = ~40 nights/year x 6 years x 1 telescope

- ELT: earths on long orbits around faintest stars (mV~11)

- secure dedicated access to 1-2m- & 4m-class tel, and sufficient access to 8m-class tel, 
via early agreements with ground-based agencies and organizations

- groundbased follow-up = world-wide effort

Doable with existing 
and 

soon to be available facilities

HARPS-N

Consortium
Geneva Observatory (Head), 

CfA, Harvard University. 

INAF-TNG, 

University of St. Andrews, 

University of Edinburgh, 

Queens University Belfast



Efficiency & bench mark

mv = 8 G-star in 10 minutes

K0V: SNR=60   <=>  1 m/s
        in 1 hour on mv = 12

The'first'season'of'the'HARPS2N'programs

•Start:'summer'2012
'''s.ll'“young”
'''Precision:'~1'm/s

•'GTO:'80'nights/yr
2'kepler'candidate'FU
2'Rocky'Planet'Search

•RPS'GTO'Survey
2'~40'stars
2'very'precise'observa.ons

rms=1.2&m/s

rms=1.2&m/s

'chip'failure
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• HARPSXN&TNG&+&INT&La&Palma&&&&&&&&&&&&&<&1&m/s
• Sophie&OHP&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&~2&m/s
• Coralie&+&FEROS&La&Silla
• 2m&Tautenburg&+&....
• PARAS&on&Mount&Abu&&&&&&&&&&

• Carnegie&Planet&Finder&at&Magellan&&&<&2&m/s
• Chiron&at&CTIO&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&=>&0.5X1.5&m/s&
• ESPRESSO&on&VLT&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&=>&<&10&cm/s&in&2016
• LCOGT
• Harvester&on&Palomar

• Pathfinder'on'HET'

• GCLEF&on&GMT

• HiRES&on&EXELT&&2X3&cm/s

• UKIRT'Planet'Finder

• NAHUAL'on'GranTeCan

• CARMENES'at'Calar'Alto

• SPIROU'on'CFHT

• and&more...

in'development

IR'spectrographs

ESPRESSO

ESPRESSO on ESO VLT 
«Echelle SPectrograph for Rocky Exoplanets and Stable Spectroscopic Observations»

• Ultra-stable spectrograph for the VLT
•R=120’000
• visible: blue + red arms
• can use any of the UTs (coudé train)

• Consortium : CH,  Italy,  Portugal,  Spain
• FDR in June 2013
• On the sky : 2016

• Precision in RV :  < 10 cm/s
• Goal : Very low-mass planets

• Sample : 50-100 quiet dwarfs (K-M)
• GTO : 200 nights
• Expected: 25-50 planets



Organization of Groundbased follow-up

Tautenburg 2mOHP 2m

Mercator 1.2m

NOT 2.5m

ESO 2.2m

Euler 1.2m

US: several 2m

1-2m-class telescopes: 3-10m/s
giant planets on short/medium orbits
100 nights/year x 6 years
6 telescopes

HARPS ESO 3.6m

HARPS-N TNG 3.5m

NTT 3.5m AAT 4m

4m-class telescopes: 1-2 m/s
giant planets on long orbits
super-earths on short/medium orbits
100 nights/year x 6 years
4 telescopes

Espresso VLT 8m

HET 10m

Keck 10m

GTC 10m

8m-class telescopes: < 50cm/s
super-earths on long orbits, 
earths on short/medium orbits
earths on long orbits @ brightest stars
40 nights/year x 6 years
1 telescope

Carmenes CA 3.5m

Crires VLT 8m

Spirou CFH 3.6m

Infrared facilities: 1-2 m/s
earths around late K - M dwarfs
40 nights/year x 6 years
3 telescopes

Transiting Exoplanet Survey Satellite

http://www.youtube.com/watch?v=mpViVEO-ymc
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Known Planets, March 2013

Earth (<1.25 Earth radii)   

Super-Earth (<2.0 Earth radii)   
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Selected&by&NASA

Video

Radial velocities in the space-transit era

•'TTV'as'a'way'to'planet'mass,'but...'

•small2mass'planet'searches'in'RV
'''Precision:'~1'm/s

•'Many'new'facili.es'in'development

•Target'defini.on'for'CHEOPS'''''''''''''''''

•'Follow2up'for'TESS

''''''''='an.cipated'follow2up'for'PLATO

TESS
2017

GAIA
2014

JWST
2018

VLT/Espresso
2016

C H E O P S
2017

HST

PLATO 2.0
2022

CoRoT Kepler

ESA
L-mission
2028/34

?

“Warm’’
Spitzer

VLT
CRIRES, FORS, 

FLAMES, K-MOS

HARPS
HARPS-N

SOPHIE

E-ELT
~2020

Today

WSO-UV
2017?

CFHT/SPIRou
2017?

NGTS
2014

Detecting and characterizing exoplanets & host stars


