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How to get higher eccentricities...
(see, for example, Rasio & Ford 96,
Holman et al. 97, Laughlin & Adams 98,
Marzari et al. 05, Chatterjee et al. 08, Jurić & 
Tremaine 08, Malmberg & Davies 09, 
Matsumura et al. 10, and many others)



Should we take this as a given?

• No strong bias against high/low 
eccentricities in detection of RV 
planet signal (Endl et al. 02, 
Cumming 04, Shen & Turner 08)

• What about the orbit parameter 
extraction process?
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Our experiment

• Dominant planet of 91 systems in Butler et al. 2006 with Nobs≤90

• Retain period, velocity amplitude, observation times, uncertainties

• Use eccentricities 0, 0.05, 0.1, 0.3, 0.6

exoplanets.org 2010 Apr 7
Butler et al. 2006
91-system subset of B06
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Eccentricity measures
What eccentricity 
measure best  
represents the 
MCMC output?

• emean, emedian

• emode

• √(h2median+k2median), 
√(h2mean+k2mean)

h=e sin ω , k=e cos ω
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Fig. 3.— Left panels show one-dimensional eccentricity distributions for the same simulated
radial velocity data sets as in Figure 2. In all cases, the input eccentricity was 0. Since

eccentricity is positive definite, no matter which definition of the best-fit value and credible
interval we choose, all eccentricities within the credible interval are positive. Middle panels

show projection of the Markov chain onto the h − k plane. White crosses mark the input
value (0,0) and white ellipses were computed using principal component analysis to approx-
imate two-dimensional 68% and 95% credible contours. Right panels show one-dimensional

distributions of the value ê derived from h and k (hm and km are the median h and k).
Although êbest is positive definite, in general the values ê can be positive or negative, so the

credible intervals can be sensibly defined. The horizontal line with points shows the median
of the distribution, as well as the 68% and the 95% credible intervals.
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Eccentricity biases for mock systems
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Fig. 4.— Comparison of output eccentricity with input eccentricity for various eccentricity
measures. Eccentricity bias (≡ eout − ein) is normalized to σ[ê] and is then compared with

the Gaussian distribution (smooth black line). Left, middle and right panels differ by the
value of the input eccentricity (as indicated in the top corner of each panel). Top panels

show the bias for best-fit eccentricities defined on the basis of the one-dimensional posterior
distribution marginalized over all other parameters. Blue, red and black histograms are for
the mode, mean and median of the one-dimensional distribution, correspondingly. Mean and

median one-dimensional eccentricities are quite biased for input eccentricities ! 0.05, but the
bias vanishes at higher eccentricities. Bottom panels show the bias for eccentricities defined

in the h − k plane, with red histograms for
√

h2
mean + k2

mean and black for
√

h2
med + k2

med.
Dotted histograms are for the values weighted by eccentricity.
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Real planets

black=all systems ; blue=e<0.1; green=e>0.1

emean

emode
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Fig. 8.— Comparison between our eccentricity measurements and those from the B06 catalog
for systems with a good one-planet fit. The top panels show the performance of the mean
values of the one-dimensional posterior distribution emean and of their precisions. There is

no systematic difference between these values and those from the B06 catalog (top middle;
black for all eccentricities and grey for those < 0.1), so this is the measure we consider to

be the closest to the published values. The bottom panels show the comparison between
the published values and our ‘estimator of choice’ emode. This estimator returns values of

eccentricity which are typically 0.25σ lower than those in the published catalog. When we
consider only planets with êmode < 0.1 (grey histogram), this difference increases to 0.6σ.
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Estimating the underlying distribution
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• Need P(e|ein);
have measurements for 
ein=0, 0.05, 0.1, 0.3, 0.6

• Gaussians in h, k (Shen & 
Turner 08) don’t fit well

• Exponentials in h, k are 
better

Gaussians

exponentials



Estimating the underlying distribution

all Pall P

0.0 0.2 0.4 0.6 0.8 1.00.0

0.2

0.4

0.6

0.8

1.0

eccentricity

cu
m
ul
at
iv
e
fra
ct
io
n

0.00 0.05 0.10 0.150.0

0.1

0.2

0.3

0.4

0.5

0.6

eccentricity
cu
m
ul
at
iv
e
fra
ct
io
n!!!!!!!!!!!!!!!!!!!!

""""""""""""""""""""

B06 values
and uncertainties
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f0.02 = 0.27±0.11 (B06: 0.06)
f0.05 = 0.38±0.09 (B06: 0.17)



P!10d onlyP!10d only
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Estimating the underlying distribution

B06 values

and uncertainties

est. underlying
distribution
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distribution

est. underlying
distribution

est. underlying
distribution

f0.02 = 0.13±0.05 (B06: 0.00)
f0.05 = 0.28±0.08 (B06: 0.10)



Trends in orbit parameter quality
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Trends in orbit parameter quality

• σ[e]<0.05 requires effective S/N>~40

• σ[P]/P<0.1 requires Nper>1
σ[P]/P<0.01 requires Nper>2-3

• σ[K]<3 m/s requires 
  phase gap<0.3 when e≤0.1
  phase gap<0.15 when e≥0.3∼

∼



Related work
• Shen & Turner 08 used χ2 minimization to study 

eccentricity biases:

• many variations on a single RV system rather than a 
catalog of systems

• found eccentricity bias for datasets with low signal-
to-noise (K/σ<3) and moderate number of data 
points (<60)



Summary
• Best-fit mean or median eccentricity output from orbit 

fitting procedures are biased high for e≤0.05

• We recommend emode as the reported eccentricity

• True fraction of low-eccentricity (e≤0.05) RV planets 
may be 35-40% rather than 15-20%

• Future work:

• Larger planet catalog

• Two-planet systems


