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16 detections (and counting)
includes habitable-zone super-Earths

(GJ581 c&d, GJ667Cc & GJ163¢)
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OCCURRENCE OF M-DWARF PLANETS
FROM HARPS
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Mp sin i [Mearth]

(a direct measure)

-1 10
1000 ¢
=11
o
2,
100 ¢} E
c
M)
-1 0.1 o
: =
10 |
- 0.01
g [ /PPPIPIPRPREP PR Lo [ L N PP PP
1000 1000 100 10 1 0.1 0.01 0.001
F/Fearth

Bonfils et al. (2012, A&A in press)
astro-ph/1111.5019B



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) * Kepler results
* Mearth

THE ASTROPHYSICAL JOURNAL, 736:19 (22pp), 2011 July 20 BORUCKI ET AL.
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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, 5000-6000 K, and 60007000 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, 653) Gaidos et al. (2012, AJ 753, 90)
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bhotometry (transit)

The Occurrence Rate of Habitable Planets Around M Dwarfs from Kepler

Number of Planets per Star

Courtney Dressing'” & David Charbonneau’
THarvard-Smithsonian Center for Astrophysics, ‘cdressing@cia harvard.edu
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MEarth's Expected Planet Yield

(ossuming 8~function occurrence rotes)

* Kepler results
* Mearth

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

* Gould et al. (2010,Ap] 720, 1013)
® Cassan et al. (2011, Nature 481, 167)
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PLANET OCCURRENCE

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

p occurence of 110 Mg : f ~ 30— 50%/dlogP
» ~40% habitable planets



Y. Alibert et al.: Extrasolar planet population synthesis., 111
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=>matches only roughly
the theoretical
predictions

Fig. 12. Mass versus semi-major axis for stars between 0.1 M-, and 2.0 M. The ap parameter is equal to 1.2, and disk lifetime are
reduced for stars more massive than 1.5 M. 30000 stars are considered in each panel. First line, from left to right, masses between
0.1 M. and 0.5 M, second line, from left to right, masses between (.6 M, and 1.0 M., third line, from left to right, masses between

1.1 M5 and 1.5 M, fourth line, from left to right, masses between 1.6 M- and 2.0 M.






, Occultations
‘Transit - IR emission, Tp

N y - emission spectra (IR)

- reflected light (Visible)

N\

- eccentricity
- detection method

} Chronometry

/

Eclipses

- radius Phase
- transmission spectroscopy - heat redistribution (IR)
+ RV - Albedo (Visible)

- mass, density, inclination
- tilt orbit / star rotation axis



GJ3470b
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on the characterization of transiting planet
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CONCLUSIONS HARPS survey uncovered

» most of the RV M-dwarf planets,

» and most of the M-dwarf low-mass planets

(all techniques included)

p first possibly habitable planets

(G]58lc & d, GJ667Cc and GJ163c)

» detection of a transiting Uranus

favorable for follow-up characterization

p statistical picture of low-mass planet occurrence
(coherent picture w/ Kepler, Mearth and p-lensing)

p direct measure of eta_earth (~40% habitable planets)

Next ! Exploring the Earth-mass regime for 30 M dwarfs...
Transposing HARPS precision to IR spectrographs



