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Outline

• Exoplanets: the big picture

• collaborations in photometry

• collaborations in spectroscopy

• conclusion & perspectives



The big picture
We want to know:

• How planetary systems form, migrate and evolve

• What’s the formation rate of planetary system ?

• Around which type of stars ?

• What is the diversity of planets ?

• What is the chemical composition of planetary atmosphere ?

• What are the conditions for habitability ? .........



Transiting exoplanets = comparative planetology

MassRadius

Bulk density
Mass-radius relationships of rocky exoplanets 3

Figure 1. Mass-radius diagram for planets with different bulk compositions compared to cur-
rently known low-mass exoplanets in Earth units. We divide equilibrium surface temperatures
into three domains from 500 to 1000 K; 1000 to 1500 K; and 1500 to 2000 K. While the solid
curves denote homogeneous, self-compressible solid spheres of water ice, silicate rock, and iron,
respectively, the dashed curves exhibit differentiated models of intermediate bulk compositions.

Because of the large compression ratios involved, those are substantially less than β = 1/3
in case of a homogeneous density distribution.
The mean density of a spherical planet is given by
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where, in general, mass Mp and radius Rp of planets transiting their host stars are
provided independently from each other by radial velocity and photometric observations.
We therefore employ an error propagation analysis according to
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and obtain, upon substitution of the radius-mass relationship given in eq. 2.1, the prop-
agated relative error in mean density
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as a function of the scaling law exponent β and the observational uncertainties of the mass
and radius determinations. The latter can be expressed in terms of some key observables,
namely

∆K∗

K∗
=
∆Mp

Mp
;

∆δ∗

δ∗
= 2

∆Rp

Rp
, (2.8)

whereK∗ and δ∗ denote radial velocity semi-amplitude and transit depth of the host star,
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Know the mass & density:
know the nature

(rocky, Neptune-like, giant, brown dwarf, ...)



Photometry



Niches

• Keep transit ephemeris up-to-date.

• Search for other companions in the system 
by transit timing variations.

• Study stellar activity using planet-spot 
crossing events.

• Detect transit on planets detected by radial 
velocity.
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Spectroscopy
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Amateur radial velocities



High-resolution amateur spectroscopy

Echelle 
spectrograph

R ~50 000
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High-resolution amateur spectroscopy

Echelle 
spectrograph

R ~50 000

VHIRES, 2014ELODIE, 1995



The “Moore law” for spectrographs’ accuracy
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The “Moore law” for spectrographs’ accuracy

?



Niches for amateurs

•Radial velocity survey
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Niches for amateurs

•Radial velocity survey

• Follow-up of transit survey

Objective: search for massive planets / brown dwarfs 
around bright fast-rotating (F) stars

Objective: characterise giant planets transiting bright stars



Today
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Tomorrow

Today

Transiting exoplanet space missions

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

CoRoT

Kepler
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TESS

PLATO

bright stars



TESS (Transit Exoplanet Survey Satellite)
• Full-sky survey of stars brighter than mv~12

• Observing run of 27 days
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PLATO (PLAnetary Transits and Oscillations)

• 42% of the sky • stars as bright as mv~4
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Table 5-1 PLATO 2.0 Instrument characteristics in comparison to Kepler and CoRoT 

 PLATO 2.0 Kepler CoRoT Ref. 

Magnitude  range - normal cameras: 

  8чmVч16 mag 

- fast cameras: 

  4-8 mag 

7 чKpчϭϳ�ŵĂŐ - Exoplanet channel: 
  11.5<mV<16 mag 
- Asteroseismology 
channel: 
  5.4<mV<9.2 mag 

1, 2, 3 

Aperture size - 32×12cm normal cameras  
- 2×12cm fast cameras 

99 cm 27 cm 1, 2, 3 

FoV    2232 deg
2
 total (48.5°x48.5°) 

- normal cameras: ~1100 deg2 

- fast cameras:  ~550 deg2 

105 deg
2 

16° diameter 
2.7°×1.5°     (2.7°×3.05° 
until 03/2009) 

1, 2, 3 

CCDs - normal cameras: 4 CCD per   

camera 4519×4510px, 18 µm 

square, full frame, 15 arcsec/px 

- fast cameras: 4519x2255px, 

18 µm square, frame transfer 

42 CCDs 1024×2200px 2 CCDs  
2048x4096px 
(4 CCDs  until 03/2009) 

1, 2, 3 

Time sampling of 

data points 

(readout cadence) 

- normal cameras:  

  25 sec (~22 sec exp. time) 

- fast cameras: 

  2.5 sec (~2.3 sec exp. time) 

- LC windows: 

  1766 sec  

- SC windows: 

  59 sec  

- Exoplanet channel: 
  512 sec (normal) 
  32 sec (optional) 
- Asteroseismology 
channel: 
  32 sec 

1, 2, 3 

Spectral range - 500-1000 nm (normal 
cameras) 
- one broad band for each fast 
telescope 

423-897 nm 400-900 nm 1, 2, 3 

No. of target fields  Step-and-stare and 1-2 long 
pointings 

1 26 3, 5 

Observing period 

per target field 

20 days – 3 years 4 years 20 - 150 days  1, 2, 9 

No. of dwarf target 

stars per pointing 

~150,000* 170,000 - Exoplanet channel: 
  ~6,000  
  (~12,000 until 03/2009) 
- Asteroseismology 
channel: 
  5 (10 until 03/2009) 

1, 2, 3 

Total no. of target 

stars over mission  

>1,000,000* 170,000 - Exoplanet channel: 
  ~170,000  
- Asteroseismology  
channel: 
  ~150  

2, 3, 5 

No. of bright targets  

ч11 mag 

~85,000 stars total* 
 

~6,000 stars
 

~370 2, 4, 5 

No. of  dwarf star 

asteroseismology 

targets 

~85,000 stars total* >512 stars ~150 2, 3, 
4, 5 

1: Auvergne et al. 2009, 2: ESA/SRE(2011)13, 3: Koch et al. 2010, 4: from released Kepler data, 5: J. Cabrera, pers. comm. 
* for baseline observing strategy (see Section 5.2.1) 
 

The ‘normal’ cameras are arranged in four groups of 8 cameras each which are aligned in their 
pointing direction. The four groups, however, are offset in their pointing by 9.2° from the payload z-
axis, thereby increasing the total field surveyed to ~2250 square degrees per pointing (Figure 5.1, 
right). This strategy was chosen to optimize the dynamic photometric range of the instrument (4-16 
mag) as well as to provide a large number of targets observed at a given noise level. As a result, 
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interesting question whether planets are homogeneously distributed in the sky, or not. Kepler on the 
other hand aimed at planets on Earth-like, long-period orbits. It therefore stares at the same field 
over its whole mission duration, finally for about 4 years in total. TESS (NASA) will follow a similar 
strategy to PLATO 2.0, covering bright stars over a wide part of the sky. TESS will, however, 
concentrate on short period planets, up to 10 or 20 days, except for a limited region of the sky 
(approximately 2%). CHEOPS (ESA) is not a survey mission, but performs pointed follow-up 
observations, one target at a time, and therefore cannot be compared with the others in this section. 

PLATO 2.0 has a more flexible observing approach. Two observing strategies, long continuous 
pointings versus shorter coverage of different fields, complement each other and allow  a wide range 
of different science cases to be addressed. Long pointings will be devoted to surveys for small planets 
out to the Habitable Zone of solar-like stars. Short pointings will be devoted to shorter-period planet 
detections and will address a number of different science cases.  

In its nominal science operation phase, PLATO 2.0’s current baseline observing strategy combines:  

x Long-duration Observation Phases, consisting of continuous observations for two sky 
pointings, lasting a minimum of 2 years with a maximum of 3 years for the first pointing, and 
2 years coverage for the second pointing.  

x Step-and-Stare Operation Phases, consisting of shorter-period observations of several sky 
fields which will last 1-2 years total, depending on the duration of the long duration phases. 
Sky fields in this phase will be observed for at least 2 months, up to a maximum of 5 months.   

 

Figure 5.2 Schematic comparison of observing approaches. Yellow squares: CoRoT target fields in the galactic 
centre and anti-centre direction. Upper left corner: the Kepler target field. Large squares: size of the PLATO 2.0 
field. A combination of short and long (red) duration pointings is able to cover a very large part of the sky. 
(ESA/SRE(2011)13). Note that the final locations of long and step-and-stare fields will be defined after mission 
selection and are drawn here for illustration only. See Figure 5.2 for preliminary location of long-duration fields. 

The proposed observing strategy aims at covering a large fraction of the sky, thereby maximizing the 
number of well characterized planets and planetary systems, in combination with wide-angle long 
pointings that will significantly increase the number of accurately known terrestrial planets at 
intermediate distances up to 1 au. The latter detection range will be unique to PLATO 2.0 and is not 
covered by any other planned transit survey mission nor can it be achieved for a large number of RV 
detections in any feasible observing time.  

In view of the exceptionally fast development of exoplanet science, the order of long and short runs 
can be re-investigated after mission selection and adapted to the needs of the community by 
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Figure 3 shows the central star magnitude of the currently known planets versus their distance from 
us. Dots correspond to planets observed by radial velocity (blue) or transits (orange and red). Only for 
the planets around bright stars the masses can be determined with sufficient accuracy to constrain their 
bulk composition and internal structure. However, only a few transiting planets around bright stars are 
known. Especially the number of Earth sized objects around bright stars, which can only be detected 
with space based missions, will not increase significantly in the near future. Future transit surveys 
like PLATO therefore aim at brighter targets to increase the sample of well characterized 
planets.  

The dark blue shaded rectangle in Fig. 3 marks the parameter range of targets for transit atmosphere 
spectroscopy (e.g. by JWST or the E-ELT). These targets must be very close such that transit 
spectroscopy in the optical range or secondary eclipse spectroscopy in mid-IR, respectively, can be 
performed. Only one planet (55 CnC e) is currently known with radius below 3 Earth radii and 
orbiting a star brighter than 9 mag, although not in its HZ. There is a clear need to increase the 
sample of terrestrial planets around bright stars for future spectroscopic follow-up. 

PLATO in comparison to the Kepler mission 

The main goal of PLATO is to provide terrestrial planets around bright stars, characterize their 
internal structure and to provide targets for atmospheric spectroscopy. Key for this purpose is the 
brightness of the PLATO targets. In addition, the large number of targets allows us to study planets in 
different environments in the galaxy. 

Figure 4 shows a comparison of the target sample from the Kepler satellite and the expected 
performance for PLATO. We use the first set of about 1200 published Kepler planet candidates 
(Borucki et al. 2011) to illustrate the difference between the two missions. Figure 4 left, shows the 
Kepler candidates with radii below 5 Earth radii versus their orbital distance (normalized to the HZ). 
It can be seen that almost all candidates are fainter than 11 mag and therefore too faint for an accurate  
mass determination of Earth-sized planets by rv spectroscopy and too faint for atmospheric 
spectroscopy. Figure 4, right, shows for comparison the expected yield for PLATO. Green dots 
represent detectable small planets for which radii and masses can be measured. PLATO will increase 
the number of detected (super-)Earths planets with accurate radii and masses by orders-of-magnitude. 

  

Fig. 4: Left : Kepler planet candidates from Borucki et al. 2011. Right : PLATO detection yield. 
Grey : detected transits, green : expected planets with measured radii and masses. Expected PLATO 
detections around stars fainter than 11 mag are not shown for clarity. Details on the expected PLATO 
planet yield can be found in the PLATO Red Book. 



Perspectives & Conclusion

• Exoplanet studies are accessible to amateur astronomers - in photometry and 
spectroscopy.

• The study of giant exoplanets transiting bright star could performed by amateurs

• In photometry: check for background eclipsing binaries. 

• In spectroscopy: by participating to the radial velocity follow-up (screen out false 
positives and characterise giant planets).

• Room for large pro/am collaborations in the context of future space missions 
(esp. TESS & PLATO) -> bright stars.

Photometry: see Mousis et al. (2014)
Spectroscopy: Santerne et al. (in prep.)
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The “french” Pro/Am school

• Oleron 2003, La Rochelle 2006, 2009, 2012, TBD 2015.

• Cocktail recipes: 
~50% of pro’s
~50% of am’s
shake during 1 week -> new collaborations !

Some key dates: 
2006 - start of pro/am collaborations in spectroscopy
2009 - start of pro/am collaborations in exoplanets 
(improved in 2012)



What about an European pro/am meeting ??

- Thanks for your attention -


