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The HARPS search for southern extra-solar planets
XXXIV . Occurence, mass distribution and orbital 

properties of Super-Earths and Neptune-mass planets.

M.Mayor, M.Marmier,C.Lovis et al. 2011
Astroph.    Tuesday Sept 13th

Including the announcement of 37 new planets
of which 15 Super-Earths

+ in press 5 planets  Pepe et al.2011 
+ in press 5 planets Dumusque et al. 2011

+ in prep 8 planets (CORALIE) Marmier et al. 2011
>>>>  55 NEW PLANETS (19 Super-earths)
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CORALIE volume limited sample  
+ constraints Log R’HK < -4.75 (F,G) ; -4.70 (K) , no  binary
822 stars (1998 to present) .... Gaseous giant planets ,long P

HARPS subsample , 376 stars  (2003 to present)
measurement precision ! 0.5 m/s 

..... Super-Earths + Neptune-mass planets
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The radial velocity precision : a key parameter
to detect Super-Earths (1-10 Earth-masses)
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HARPS Super-Earths 
Other sources in litterature

Today :  smallest 
amplitude

K= 0.56 m/s
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The M2sini - log P plane

47% ± 7
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155 planets, 102 systems
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Gaseous giant planets 
(M2sini > 50 Earth-masses)

planetary rate:  14% ± 2
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Orbital periods < 50 days

24% ± 12

17% ± 4

11% ± 2

1.2% ± 0.5

0.6% ± 0.3

0.2% ± 0.2
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Mass distribution

10.0 100.0 1000.
 0

 10

 20

M2sini   [Earth Mass]

#
 p

la
n

e
ts

Detections in the global sample
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...and for P < 100 days
huge occurence of 

planets with m2sin < 30 
Earth-masses
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.... with detection probability correction

Mass distribution :
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Observed Period distribution for
M2sini <  30 Earth-masses 
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Period distribution 
M2sini < 30 Earth-masses

With detection probability correction
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Host star metallicities 
Blue : Entire sample

Black : M2sini > 50 Earth-masses
Red : M2sini < 30 Earth-masses
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Eccentricities as function of 
M2sini

10.0 100.0 1000.

0.0

0.5

1.0

E
c
e
n

tr
ic

it
y

M2sini   [Earth Mass]

jeudi, 13 octobre 2011



!"#$%&'()*+,)-./$01$-.($2,30-,34($5#1($$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

6('($(-$,47$89::

;,<#)$(-$,47$899=

jeudi, 13 octobre 2011



Ten stars with the largest number of HARPS 
measurements (N > 165)

29 planets hosted by these 10 stars
Super-Earths are detectable up to a period 

of 1 year
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Only 4 planets hosted by Gl 581

Forveille et al. 2011 A&A subm.

4 Forveille et al.: Only 4 planets in the Gl 581 system

Table 2. Keplerian (top) and circular (bottom) orbital models of the Gl 581 planetary system.

4 Keplerian orbits
Parameter Gl 581 e Gl 581 b Gl 581 c Gl 581 d
P [days] 3.14945 ± 0.00017 5.36865 ± 0.00009 12.9182 ± 0.0022 66.64 ± 0.08
T [JD-2400000] 54745.77 ± 0.13 54745.56 ± 0.39 54745.8 ± 1.6 54800.04 ± 3.38
e 0.32 ± 0.09 0.031 ± 0.014 0.07 ± 0.06 0.25 ± 0.09
ω [deg] 173 ± 17 -46 ± 26 -135 ± 44 -12 ± 19
K [m s−1] 1.96 ± 0.20 12.65 ± 0.18 3.18 ± 0.18 2.16 ± 0.22
V [km s−1] -9.2060 ± 0.0004
f (m) [10−12 M⊙] 0.21 112.46 4.28 6.28
m sin i [M⊕] 1.95 15.86 5.34 6.06
a [AU] 0.028 0.041 0.073 0.22
Nmeas 240
Span [days] 2543
σ (O-C) [ms−1] 1.79
χ2

red 2.57
4 circular orbits

Parameter Gl 581 e Gl 581 b Gl 581 c Gl 581 d
P [days] 3.14941 ± 0.00022 5.36864 ± 0.00009 12.9171 ± 0.0022 66.59 ± 0.10
T [JD-2400000] 54747.44 ± 0.05 54746.246 ± 0.012 54750.61 ± 0.12 54802.82 ± 1.05
K [m s−1] 1.754 ± 0.180 12.72 ± 0.18 3.21 ± 0.18 1.81 ± 0.19
V [km s−1] -9.2060 ± 0.0001
f (m) [10−12 M⊙] 0.18 114.54 4.46 4.11
m sin i [M⊕] 1.84 15.96 5.41 5.26
a [AU] 0.028 0.041 0.073 0.22
Nmeas 240
Span [days] 2543
σ (O-C) [ms−1] 1.86
χ2

red 2.70

Fig. 2. Residuals of the HARPS radial velocity measurements of Gl 581
to the 4-planets Keplerian model (Table 2), phased to the 433 days pe-
riod of Gl 581f (top) and and to the 36.6 days periods of Gl 581g. The
dots represent the individual residuals, and the open circles their medi-
ans over 0.05 phase bins, with vertical errorbars showing the standard
error of their mean. The thick curves represent the Vogt et al. (2010)
orbits for both planets.

highest peak of periodogram of the previous step. To estimate the
False Alarm Probability (FAP) of those peaks, we use bootstrap
resampling (e.g. Press et al. 1992) of the actual measurements
(or residuals) to generate 10,000 virtual datasets, and adopt
the fraction of those virtual periodograms with a peak above a
given power as the False Alarm Probability for that periodogram
power. This bootstrap analysis automatically accounts for the ac-
tual level, and the possibly non-Gaussian statistics, of the mea-
surement noise, but not for any correlation between measure-
ment. It can therefore potentially underestimate the actual False
Alarm levels. In early iterations the bootstrap analysis on the
other hand considers the signal from other planets as noise, and
therefore strongly underestimates significance. Fig. 3 displays
the periodogram power levels for False Alarm Probabilities
equivalent to 1, 2 and 3 σ significance for a Gaussian statis-
tics. The periodogram analysis, unsurprisingly, successively re-
identifies Gl 581b to Gl 581e. The highest periodogram peak for
the last step (Fig. 3, bottom), which corresponds to the residuals
of the 4-Keplerian model, scarcely rises above 1 σ significance.
The ∼50% excess in the residuals is therefore very unlikely to
be explained by by one additional planet, but could be reflect ei-
ther astrophysical or instrumental jitter, or several planets each
contributing a signal below our detection threshold. To evaluate
the sensitivity of our dataset to planets with orbital parameters
similar to the Vogt et al. (2010) Gl 581f and Gl 581g, we re-
peat the step by step periodogram analysis for a dataset where
we subtract the signatures of those two planets, with their Vogt
et al. (2010) orbital elements, from the HARPS radial velocities
(the choice of subtracting, rather than adding, those signatures
avoids the suspicion that we could be boosting a pre-existing
signal in the HARPS measurement). The last step of that proce-
dure (Fig. 4, bottom panel) has a highly significant peak at the
period of Gl 581g and a moderately significant one at the period

Based on 240 precise HARPS
The planets announced by 

Vogt et al. 2010 
GJ 581 f and g  do not exist

at least with the claimed 
parameters

HARPS RV phased with the
published periods

See also Gregory 2011
and Tuomi 2011
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The HARPS Search for Southern Extra-Solar Planets
The M-dwarf sample

 Sample: 
~100 brightest M dwarfs < 11 pc

Results:

90% of M-dwarfs planets w/ m sin i < 20 Mearth

lowest-mass planets (GJ 581e; m sin i = 1.9 Mearth)

first prototypes of habitable planets (GJ 581 c&d)

statistical results : 
 - few Jupiter-mass planets 

                                    for 

                                    for
 

    - super-Earth are common (>30%)

                                 for

                                 for

Paper on astro-ph                       Bonfils et al. (2011, arXiv:1109.xxxx)

f < 1% 1 < P < 10 day

10 < P < 100 day

f = 0.02+0.03
−0.01

1 < P < 10 day

10 < P < 100 day

f = 0.36+0.25
−0.10

(a direct measure)

f = 0.52+0.50
−0.16

η⊕ = 0.41+0.54
−0.13
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