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WHAT DO EXOPLANET SEARCHES WANT ?

- UNDERSTAND PLANET FORMATION,
- PLANET PHYSICO-CHEMISTRY, AND
- ORIGIN OF LIFE

PRACTICALLY :
- MANY (DIVERSE) PLANETS
- HABITABLE EARTH-LIKE PLANETS




The shortest route to an exo-Life laboratory ?
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OUTLINE

1. STATUS OF DISCOVERIES
FOR M-DWARF PLANETS

2. OCCURRENCE OF PLANETS

3. SO... HOW MANY TARGETS ?

4. OK... BUT HOW ? - ccominiey)



* diversity

Mp Sin ¢ [Mjup]

Status = statistical information
® structure
bias / need non-detection
N Ag; ' . 104
- NV
10 = A AA A i
; 4 10°
1 E . @z
: - @,
: 4 102 E
0.1 L 5 =
: | &
: 3 10
0.01 L ;
; 4 10"




OCCURRENCE OF M-DWARF PLANETS
FROM HARPS
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Mp sin i [Mearth]

(a direct measure)
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Mp sin i [Mearth]

(a direct measure)
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follow-up on previous radial-velocity results (mostly for giant planets)

Endl et al. (2006, AJ 649, 436) Butler et al. (2006, AJ 649, 436)
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bhotometry (transit)

THE ASTROPHYSICAL JOURNAL, 736:19 (22pp), 2011 July 20
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Figure 15. Logarithm of the intrinsic frequencies as a function of stellar effective temperature after implementing the sensitivity corrections described in Section 4.
The bins along the x-axis span 3000-4000 K, 4000-5000 K, 50006000 K, and 6000-7000 K, with each bin labeled by the central value.

small mass planets much more

abundant around (early-)M dwarfs

Howard et al. (2011, Sci 330,
£ =0.30 +0.08

653)

Gaidos et al.

(2012, AJ 753, 90)

f =0.36 & 0.08

(3600 < T.;r < 4100 K; P <50d; 2< R, < 32Rg)



bhotometry (transit)

The Occurrence Rate of Habitable Planets Around M Dwarfs from Kepler

Courtney Dressing'” & David Charbonneau’
"Harvard-Smithsonian Center for Astrophysics, ‘cdressing@cfa.harvard.edu
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* Kepler results

e Mearth

MEarth

and the occurrence rate of warm super-Earths
and Neptunes orbiting mid-to-late M dwarfs

Zachory K. Bertal, Jonathan Irwin?, David Charbonneau®, Christopher Burke?, Emilio Falco?
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HOW MANY TARGETS ?

* consistent picture emerging from HARPS, Kepler,
Mearth and p-lensing surveys

p occurence of 1 —10 Mg : f ~ 30— 50%/dlogP
» ~40% habitable planets

* one can use the statistical results to estimate :
» the number of planets for a given survey
» the number of targets required to significantly

refined or change the number
e.g. RV surveys put <|% on hot-Jupiter occurrence
Kepler found one (KOI-254b, Johnson et al. 2012)

O(15) M dwarfs to refine/change RV results

e for P,. ~ 2% one need O(100) M dwarfs to expect
one habitable transiting planets



HOW ?
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Waiting for TESS / PLATO...

MEARTH

TRAPPIST - UCDTS
UltraCool Dwarfs Transit Survey M 6 LO

Pl: Michaél Gillon (University of Liege, Belgium)
michael.gillon@ulg.ac.be
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Waiting for TESS / PLATO...
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HOW MANY TARGETS ?

* consistent picture emerging from HARPS, Kepler,
Mearth and p-lensing surveys

p occurence of 1 —10 Mg : f ~ 30— 50%/dlogP
» ~40% habitable planets

* one can use the statistical results to estimate :
» the number of planets for a given survey
» the number of targets required to significantly

refined or change the number
e.g. RV surveys put <|% on hot-Jupiter occurrence
Kepler found one (KOI-254b, Johnson et al. 2012)

O(15) M dwarfs to refine/change RV results

e for P,. ~ 2% one need O(100) M dwarfs to expect
one habitable transiting planets



HOW ?

* space-borne transit survey (PLATO,TESS)
* ground based MEarth-like photometry
(APACHE, TRAPPIST, ...)
* |R-spectro (SPIRou, CARMENES)
coupled to photometric follow-up




