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The observed eccentricity distribution for planets in single-planet 
systems shows a strong peak near e = 0 with a significant fraction 
above e > 0.1. We hypothesized that an undetected additional planet 
in a given system could artificially inflate the Keplerian-fitted 
eccentricity value of the known companion.

Fig. 1—Simulated RV data (2-planet system)

A 2-planet system where both planets have e = 0 can 
appear as a single-planet system with a moderately 
eccentric planet.
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Fig. 6.— Simulated eccentricity distributions (skinny white bars with markers and error bars
in all three plots) and the observed single-planet eccentricity distribution (wide grey bars
in all three plots) from http://exoplanet.eu. Top-left : simulated distribution for R = 30%.
The number of low-eccentricity planets is underestimated and the number of high-eccentricity
planets is overestimated. Top-right : simulated distribution for R = 65%. This time the num-
ber of low-eccentricity planets is overestimated and the number of high-eccentricity planets is
underestimated. Bottom: simulated distribution for R = 45%. This distribution matches the
observed single-planet eccentricity distribution very well (χ2

reduced = 1.74, disagreeing only
around e ∼ 0.55 where the observed distribution dips down, most-likely due to small-number
statistics).
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ainner = 0.47 AU
aouter = 7.01 AU
e = 0.11

Fig. 2.— Typical radial velocity plot from the simulations. In this case there are two planets
in the system, both contributing to the star’s radial velocity. There is no apparent long-term
trend from the second planet evident in the data, but the fitted eccentricity has increased

from e = 0 to e = 0.11.

Fig. 2—Observed and simulated eccentricity distributions

We successfully match the observed single-planet 
eccentricity distribution with 45% 2-planet systems (both 
planets e = 0) and 55% single-planet systems (planet is 
truly eccentric).
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Fig. 9.— Left : ratio of double-planet systems to total systems as a function of fitted eccen-

tricity. We cannot take these results at face value because the RV systematic biases (low
SNR, poor sampling) have not been accounted for and subtracted off. Right : probability

that a known RV planet’s eccentricity has been biased by an undetected wide-separation
companion. To produce this plot, the control simulation bias (see Fig. 4) has been nor-
malized to the first bin and subtracted off, explaining the first bin’s zero probability. In

actuality planets with 0 < e < 0.1 have some small non-zero probability, but the degeneracy
in eccentricity (single-planet system with e ∼ 0 or double-planet system with e ∼ 0 and

an extremely distant companion) prevents us from drawing any conclusions about double-
planet probability. For e > 0.1, there is a non-zero probability that a given RV planet has a
wide-separation companion. Specifically, for 0.1 < e < 0.4 the average probability is ∼ 10%,

for 0.1 < e < 0.3 the average probability is ∼ 13%, and for 0.1 < e < 0.2 the probability is
∼ 19%. Averaged over all eccentricities, the probability is ∼ 4%.

Fig. 3—Probability of hidden companion

Target RV planets in single-
planet systems with 0.1 < e < 0.3

14 Her is a K0V star located ~ 17 pc away. It is ~ 6 Gyr old and has 1 
confirmed RV-detected planet (14 Her b) and an unconfirmed outer 
companion (14 Her c). b has m > 4.64 MJ, a = 2.74 AU, and e = 0.37, while 
c’s parameters are unconstrained beyond m > 2.1 MJ and a > 7 AU. 

Fig. 4—14 Her RV data excluding “b”
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Due to the lack of data, there are many possible combinations of 
mass, semimajor axis, and eccentricity for 14 Her c. The blue and 
green curves are meant to illustrate just two of the many possible 
curves that fit the available data.

Fig. 5—Final reduced image obtained at the MMT

We directly imaged 14 Her in the L’ band using MMTAO/Clio-2 
on the night of UT 30 May 2010 for ~ 2.5 hrs. We reduced the 
data using the LOCI algorithm (Lafreniere et. al 2007). The above 
final image shows no evidence of any companion detection.

Fig. 6—14 Her c phase space

To constrain 14 Her c’s phase space, we performed χ2 fitting to 
the published RV data, holding m and a fixed while varying all 
other orbital elements. The gray curve above is the Δχ2 = 1 
contour. The solid black curves are the minimum allowed 
separation 14 Her c could have based on analytic dynamical 
analysis. Two curves are plotted since there is ~30% uncertainty 
in the projected separation at the current epoch. We classify the 
shaded areas as the most probably parameters of 14 Her c, with 
the darker region more probable. 

5σ sensitivity

A New Criterion for 
Exoplanet Imaging 

Target Selection
&

First Results on the 14 
Her Planetary System 

with MMTAO/Clio

We computed the ratio of simulated double-planet systems 
to total systems and subtracted off the control effects to 
produce the above plot--the probability that a planet of a 
known eccentricity has an undetected outer companion. 
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