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Current & Future M/SSlons
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The M Dwarf Advantage

75% of nearby stars are M dwarfs
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Actual

Occurrence

Searched

Important Corrections:
e We are not sensitive to all planets.
e Some planets’’ might be false positives.




= . ¥ T v o w v
KIC Values Dressing & Charbonneau 2013 J

Revised Values |—I—| -
Revised Host Stars ¥ i
Model Grid R A Median Errors

—L
o

%
@
o
- S
<
o
D
(72]
=
o
©
o

Temperature (K)

Fit KIC photometry (Brown+ 2011) to Dartmouth stellar models (Dotter+ 2008,
Feiden+ 2011) using priors on [Fe/H] and galactic height (Casagrande+ 2008)




Our 2013 Planet Occurrence Estimate

Dressing & Charbonneau 2013
<50 Days
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0.15 (+0.13/-0.06) Earth-size planets per HZ




Sizes of Planet Candidates ~ as
As of January 7, 2013
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Comparison of January 2013 and February 2012 KOl lists
Image Credit: NASA




Possible Stars: 4915
Selected Stars: 2622

0.6

Selection Criteria:

>1000 days coverage
Well-behaved light curve
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Stellar Effective Temperature (K)

Data from Kepler Stellar Properties Table at the NASA Exoplanet Archive (Huber et al. 2014)



Improvement 3:

MEASURED PIPELINE COMPLETENESS




Our Planet Detection Pipeline

Detrend & clean Kepler light curves

Generate Box-fitting Least Squares '
power spectrum for each star

(Scott Fleming’s Fortran implementation of Kovacs et al. 2002)

/\Identify highest peaks & fit simple
transit models

$

Excise data near accepted transits

NN Repeat until no new signals are

detected




10.0 1.0 0.1

Not Detected: 63881 305668 Simulations

1000.0 100.0
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Normalized Flux + Offset
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Normalized Flux + Offset
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Improvement 4: Inspected Follow-up
Observations of Planet Candidates

KOl 2626 - KOl 1422

- Keck NIRC2-AO ] HST WFC3
- Kband Ciardi 7 F555W Gilliland

0.74 ; -0.74 —1.48

CFOP
Revised System Properties in Star et al. (2014) Kepler Community Follow-up Observing Program




Earths 12.3% +3.0%
Super-Earths 8.8% +1.9%

Small Neptunes 6.7% + 1.1%

Large Neptunes 15.9% +3.5%
Giants 17.7% + 2.9%

Rates from Fressin et al. (2013)
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e Moist & Maximum greenhouse limits from
Kopparapu et al. 2013
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distance [AU]

Desert worlds (Zsom et al. 2013)

Surface temperature (K)
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Interim Summary: List of Changes

1) Used all four years of Kepler data

2) Refined stellar sample

3) Measured pipeline completeness

4) Inspected follow-up observations

5) Applied a false positive correction

6) Used more sophisticated habitable zone boundaries
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See P3.16 by Mulders for
connection to planet formation
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HZ from Kopparapu et al. 2013




TABLE 7
HZ OccurrENCE RATES

Fp(Fg) 0.25 — 0.88 0.23 — 1.54 0.25 — 4.00 0.25 — 1.76 0.25 — 2.78
Outer HZ: Max GH Mars Petigura Max GH Max GH
Inner HZ: Moist GH Venus Petigura Cloudy Moist GH Zsom (a=0.2)

0.8 —1.0Rg 0.16010238(26%) 0.23970205(28%) 0.27310 0am(37%) 0.22770255(30%) 0.26071] 558 (34%)
1.0—1.5Rg 018675 055(51%) 0.2461 ] 057(55%) 0.30470 017(64%) 0.24670 153 (58%) 0.32475 020 (61%)
1.5 —2.0Rg 0.083 0005 (77%)  0.1727 0002 (81%) 0.31870- 052 (86%)  0.2061 0 D55 (82%) 0.27410 0% (84%)
20—-25Rg 001175038 (01%) 0.026570013(91%) 0.08310035(93%)  0.034F0015(92%) 0.0671 5 036 (93%)
25— 40Rg 004870035 (05%) 0.0747 0052 (95%) 0.08070001(96%) 0.0797 0 0as(96%) 0.085710 095 (96%)
1.0 —2.0Rg 0.2697)157(64%) 0.41810 41 (68%) 0.7127009°(75%) 0.45270120(70%) 0.50810 198 (73%)
—+ 0. OG0 + 0. 06T + 0. GT +0.0686 rne o+ 0. 069
20-40Rg 006075 5-(94%) 0.0097 00(94%) 01727 7 0-(96%)  0.1147 050 (95%)  0.1527 O (96%)

1.0 - 1.5 R4, in Mars —Venus HZ: 0.25
1.0-2.0 R, in Petigura et al. (2013) HZ: 0.71

> 1 Planet Per Star for Pierrehumbert & Gaidos HZ

Nominal insolation boundaries from Kopparapu et al. 2014




Summary & Conclusions

 We refined our estimate of M dwarf planet occurrence by:

Using all four years of Kepler data

Refining stellar sample

Explicitly measuring pipeline completeness

Inspecting follow-up observations & accounting for dilution
Applying a false positive correction

Incorporating updated habitable zone boundaries

0.5-50 0.56 (+0.06/-0.05)
0.5-50 0.53 (+0.07/-0.06)
Narrow HZ 0.2 (+0.2/-0.1)
Venus — Mars HZ 0.4:01




ADDITIONAL SLIDES
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