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Motivation Transit Detection Pipeline

Most stars are M dwarfs, so determining the frequency of planets around For each Kepler M dwarf, we combine data from multiple quarters and
M dwarfs is crucial for estimating the number of potentially habitable search for box-shaped transits over a grid of periods, durations, and
planets in the galaxy. We are conducting an ongoing project to epochs. If a signal is identified, we use the IDL AMOEBA minimization
improve our estimate of the planet occurrence rate by developing a routine based on Press+ 2002 to fit a Mandel + Agol 2002 transit model.
customized pipeline to detect transiting planets around Kepler M
dwarfs. The Kepler M dwarfs are fainter than the majority of Kepler
targets and frequently demonstrate considerable brightness variations
due to spot activity. Our pipeline is designed to remove stellar
variability while preserving the signatures of planetary transits. We
are measuring the detectiqn efficiency of our pipeline in order tq 1 points) by the median fit (red line).
accurately estimate the fraction of stars that host planets. This project i 1 We correct for flares by discarding
builds on our previous work revising the stellar parameters of Kepler M oool 1 f- | points over 60 above the median.
dwarfs and estimating the planet occurrence rate around M dwarfs.

1 Left: A section of photometry for star
] KID 2161536. We remove stellar
¥ -4 ] variability by smoothing the data
;. 2] with a 500 minute median filter and
£ * ¥ dividing the normalized data (black
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Revised Stellar Parameters residuals (bottom) for a 16.8 day GRS B

Right: Original (blue) and revised . signal identified for KID 2161536. 0.995LL - : :
[ KIC Values : T : ' 2.5 3.0 3.5 4.0
(red) stellar parameters. The Lo Reviecd HostSiars ¥ - ] The derived transit parameters Time Folded to Identified Period (Days)

original parameters (Brown+ 2011) ey o edemEE agree well with the published
were based on ATLAS9 models ; | values for planet candidate
(Castelli & Kurucz 2004) and were KOI2130.01 (Batalha+ 2013).
often nonphysical. The revised
values are based on Dartmouth
models (gray) from Dotter+ 2008.
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Residuals
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Time Folded to Identified Period (Days)
Left: Periodogram for KID 2161536
before (blue) and after (red) searching
for transits. For this star, only one
| [ |-¢1 Left: Spectroscopic temperature planet candidate was detected, but our
3800¢ ‘ o timates from Muirhead+ 2012 | i

_ { eslimaies 1rrom iViuirnead+ code is able to detect multiple planets.

3600 .. 1 (red circles) and Mann+ 2012 (blue | The code divides out the fitted transit
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| squares) versus our revised values. 100 150 >00 Models and continues searching until
3400: ] The disagreement above 4000K is Orbital Period (Days) no significant signals remain.
3200L ' due to the saturation of the H,O-K2
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Transit Injection & Recovery

We are directly measu ring P?rlé)éjso 47.159 Days | InJected | rrstar = 0.03

Planet Occurrence Rate the efficiency of our planet L0018 e

detection pipeline by injecting 3 10000 fi g siias
transits into light curves and 09985 1+ T L S S
attempting to recover the signals **"° 5 ——5———"——

periods <50 days is 0.90 planets per small star. We found that the - - ST Inc = 90.00 d Time Folded to Injected Period  arstar = 100
using our detection pipeline. e 1‘;% Days e e coverad 0 frstar = 0.02

mean number of Earth-size (0.5-1.4R_) planets within the habitable g
zone is 0.15 planets per small star, implying that the nearest Right: Injected (blue) and 10018k <oy o il L L
transiting Earth-size planet is within 21 pc with 95% confidence. recovered (red) transit signals for 3 1.oooopiminradinion st inatetiobindi;
Our previous estimate assumed 100% detection efflc:lency at SNR =7.10. the test case of KIC 2557350. The  o.gessp r#% - 17

: : Hhi 0.0070L"_ - - _
0.4 | recovered period is within 40 " > o e P

Seconds Of the injected period_ Inc = 89.87 deg Time folded to Recovered Period arstar =114

In a recent paper, we revised the stellar parameters of the Kepler M
dwarfs and determined that the occurrence rate of 0.5-4R, planets with
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Right: Planet occurrence rate vs.
insolation for 1.4-4R, (red) and
Earth-size (0.5-1.4R,, blue)
planets. The green box marks the
habitable zone (Kasting+ 1993).
Recent work by Kopparapu+ 2013
suggests that the habitable zone
may extend to even lower fluxes.
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Future Work

We will compare our list of candidate planets to the lists provided by the

Kepler team and discuss any new candidates. We will combine our

o b completeness calculations, planet candidate list, and revised stellar

0. 1.0 10.0 100.0 1000 properties to estimate the frequency of planets around M dwarfs. Our

Flux at Planet Relative to Flux at Earth : : :
results will complement work by Petigura+ 2013 to develop a customized
planet detection pipeline for quiet, Sun-like stars and by Christiansen+
2013 to investigate transit signal recovery in the Kepler pipeline.
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