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FREQUENCY OF LONG-PERIOD NEPTUNE AND
SATURN-MASS PLANETS IN THE SOLAR NEIGHBORHOOD

Benjamin J. Fulton, Andrew W. Howard, Evan J. Sinukoff
Institute for Astronomy, University of Hawaii at Manoa

BACKGROUND
The orbital separation distribution of

exoplanets gives important clues to the
mechanisms of planet formation. Theo-
ries predict that the region within a pro-
toplanetary disk where water can con-
dense (ice line) is important to planet for-
mation1 and there should be an increase
in planet occurrence beyond the ice line.
The detection of an overabundance of Jo-
vian planets near and beyond the ice line
suggests that the additional protoplane-
tary solids in this region augment the for-
mation of large planets. The region be-
yond the ice line corresponds to orbital
periods of ∼3-6 years (2-3.5 AU) for G
stars (0.8-1.1 M�) and ∼1-2.4 years (1-1.8
AU) for K stars (0.6-0.8 M�). This region
of parameter space has not been previ-
ously explored by observations for plan-
ets .100M⊕.

OCCURRENCE RATES AND SURVEY COMPLETENESS

Sensitivity to injected planets (blue contours), detected planets (green stars), and de-
rived occurrence rates. The numbers in each box from top to bottom are: the number of
detected planets within the box, the fraction of injected planets that were recovered, and
the mean occurrence rate for planets with parameters that fall within the box. The oc-
currence rate is constant for planets withMp sin ip = 10 − 100 M⊕Mp sin ip = 10 − 100 M⊕Mp sin ip = 10 − 100 M⊕ and orbital periods
between 10 and 1000 days.

NO PERIOD VALLEY FOR NEPTUNES

Comparison between sub-Saturns (left) and Jovian-mass (right) semi-major axis distri-
butions. The small number of Jupiters between 0.1 and ∼1.0 AU is known as the “period
valley"2. Jovian planets are much more common at both smaller and larger separations.
The period valley is not seen in the sub-Saturn semi-major axis distribution.

METHOD
Developed an automated multi-planet
detection pipeline utilizing the 2D
Keplerian Lomb-Scargle periodogram
(2DKLS)3

Searched for planet candidates in the
Keck-HIRES radial velocities from the
Eta-Earth Survey4

Empirically determined the signifi-
cance of peaks in the periodogram by
fitting the distribution of periodogram
values.
We search for multiple planets by
adding an increasing number of Keple-
rian signals into the fit. The values for
each periodogram represent ∆χ2 of an
N+1 vs. N planet fit.
Determined survey completeness with
injection and recovery tests

AUTOMATED DETECTION

Candidate vetting plots produced by the
automated planet detection pipeline. Top:
2DKLS periodogram of the RV time-
series. The dashed red line is our cutoff
for a positive detection. The dotted
vertical lines mark aliases of the highest
period peak. Upper-middle: the RV
time-series with the best-fitting single-
planet model. Lower-middle: residuals
to the single-planet fit. Bottom: RV data
phase-folded to the period corresponding
to the highest peak in the periodogram.

SUMMARY
We find 10 previously unpublished
planet candidates.
27+10

−7 % of solar-type stars host a Nep-
tune to Saturn-mass planet with an or-
bital period between 10 and 1000 days.
No "period valley" for planets with
Mp sin ip = 10 − 100 M⊕.
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