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Brightest GK stars
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Brightest GK stars
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Search for significant transits

using TERRA photometric pipelinee

Q1-Q15




TERRA

Optimized for small planet detection

In house pipeline enables measurement
of planet detectability (completeness)
via injection and recovery experiments



TERRA — optimized for small planets

Time domain preprocessing

- Start with raw photometry PhOtOmetriC errors
- Gaussian process detrending common to many stars
- Calibration

- Petigura & Marcy 2012
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Identification of correlated errors
using robust PCA
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TERRA — optimized for small planets

Time domain preprocessing

- Start with raw photometry

e e Detrended/calibrated photometry
- aussian process aetrending

1.OF
- Calibration
. 0.0
- Petigura & Marcy 2012 *
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Search for significant transits

using TERRA photometric pipelinee

Q1-Q15




Search for significant transits
using TERRA photometric pipeline
Q1-Q15

Remove non-astrophysical
false positives
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Search for significant transits
using TERRA photometric pipeline
Q1-Q15

Remove non-astrophysical
false positives

Remove astrophysical
false positives

&

e Centroid

e Odd-even

e Transit shape

« Secondary eclipse




ldentifying eclipsing binaries
using secondary eclipses
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Search for significant transits
using TERRA photometric pipeline
Q1-Q15

Remove non-astrophysical
false positives

Remove astrophysical
false positives

e Centroid
 Odd-even

e Transit shape
» Secondary eclipse e
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603 Planet Candidates

574 (95%) KOls
WO K)

597 (99%) KOls
(Jun 2014)

Keck HIRES spectra of
318 eKOls
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Keck HIRES spectra of
318 eKOls

Keck spectra of all 62
candidates with
P > 100 days




Keck HIRES
Spectra

KICO11415243

Better stellar parameters
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Find false positives
- Detect second set of lines

- Kolbl and Marcy (2014)
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Spectroscopic

Errors
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1-2x Size of Earth

Earth level stellar irradiation
(within a factor of four)

100 1
Stellar Light Intensity (Earth-units)

Sample of 603 planet candidates showing planet size versus stellar light intensity.
We found 10 planets between 1 and 2 times the size of the Earth that receive the
same stellar light intensity as Earth (within a factor of four).
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Planet detected

Brightness ——>

Earth-size planet
dims star by 0.01%
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Planet detected

Does not transit

Brightness ——>
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Planet size (Earth-radii)
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Planet size (Earth-radii)
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Planet size (Earth-radii)
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Planet size (Earth-radii)
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Planet size (Earth-radii)
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Planet size (Earth-radii)
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Planet size (Earth-radii)
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Planet occurrence
size and orbital
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Planet occurrence
size and orbital
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Planet size distribution

IEI Kepler
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Planet size distribution

26+3% occurrence Kepler
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Planet size distribution

26+3% occurrence Kepler

1-2 Re planets
18.6 %

14.2 % 1
12.0 % }

Planet occurrence

1.6+0.4% occurrence
8—16 Re planets

having P = 5-100 days

9p)
fd
)
-
©
al
=
=
7))
| -
©
el
0p
¥ —
@
-
9
fd
O
©
| -
LL

1.9 %
®..1.0% 0.9% 0.7 %
[ ] [ ) )

1.0 141 20 282 40 b6o6oc 80 11.3 16.0

Planet Size (Earth-radii)
Fraction of stars with planets of different sizes




Orbital period distribution
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Planet occurrence
size and incident flux
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11 = 4% occurrence
Fp=1-4 Fe
Rp=1-2 Re
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Summary

Independent search for planets in raw Kepler photometry
(Q1-Q15) using TERRA pipeline

603 planet candidates found, 10 are Earth-size (1-2 REg)
and inHZ (Fp=0.25-4 Fg)

Keck spectroscopy of all HZ candidates and all planet
candidates with P> 100 days

Measured completeness using injection and recovery

22+8% of GK stars have 1-2 Re planet in the HZ

37
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Orbital period distribution
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having periods less than P days

5.71%2 % of Sun-like stars
have a planet with
P=200-400 d, Rp =1—2R,,
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Multiplicity Correction
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temperatures. Our sample includes 2 Earth-size planet candidates in the habitable zone, allowing us

to estimate that the mean number of Earth-size planets in the habitable zone is 0.15“:8:(1)‘2 planets per

cool star. Our 95% confidence lower limit on the occurrence rate of Earth-size planets in the habitable
zones of cool stars is 0.04 planets per star. With 95% confidence, the nearest transiting Earth-size
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