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¡  3897 M dwarfs!
¡  95 planet candidates orbiting 64 stars!
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0.51	
  (+0.06/-­‐0.05)	
  Earth-­‐size	
  planets	
  per	
  star	
  with	
  P	
  <	
  50	
  days	
  



Dressing	
  &	
  Charbonneau	
  2013	
  



0.15 (+0.13/-0.06) Earth-size planets per HZ!
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¡  Updates made:!
§  Use Q1-Q12 KOI list à 125 KOIs around 84 stars!
§  Use Q1-Q12 CDPP!
§  Adopt SNR ramp instead of sharp 7.1σ threshold!
§  Use revised HZ boundaries (Kopparapu et al. 2013)!
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§  Use Q1-Q12 CDPP!
§  Adopt SNR ramp instead of sharp 7.1σ threshold!
§  Use revised HZ boundaries (Kopparapu et al. 2013)!

¡  Planned updates:!
§  Conduct more thorough vetting of planet candidates!
§  Incorporate false positive correction!
§  Measure detection threshold for M dwarfs!
§  Search for additional planets in Q1-Q16 data!
§  Refit transits using Q1-Q16 data!
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0.5-1.4 REarth Planets per HZ!
Kasting+ HZ: 0.26 (+0.17/-0.09)!

Kopparapu+ HZ: 0.94 (+0.22/-0.02)!
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Modeling the Giant Planets!

Fressin et al. 2013!



Modeling the Giant Planets!
Sources of False Positives !

for Earth-size Planets!

Fressin et al. 2013!



¡  M dwarfs: 0.5-1.4 REarth with P < 50 days!
§  Q1-Q6:   0.51 (+0.06/-0.06)!
§  Q1-Q12: 0.53 (+0.05/-0.04)!
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¡  M dwarfs: 0.5-1.4 REarth in HZ!
§  Q1-Q6:   0.15 (+0.13/-0.06)!

§  Q1-Q12: 0.26-0.94 (depending on choice of HZ)!



¡  M dwarfs: 0.5-1.4 REarth with P < 50 days!
§  Q1-Q6:   0.51 (+0.06/-0.06)!
§  Q1-Q12: 0.53 (+0.05/-0.04)!

¡  M dwarfs: 0.5-1.4 REarth in HZ!
§  Q1-Q6:   0.15 (+0.13/-0.06)!

§  Q1-Q12: 0.26-0.94 (depending on choice of HZ)!

¡  FGKM dwarfs: 0.8-1.25 REarth with P < 85 days!
§  Q1-Q6:  0.165 (+/- 0.036) (Fressin+ 2013)!





Keck	
  NIRC2-­‐AO	
  
K	
  band	
   Ciardi	
  

KOI	
  3010	
  

Keck	
  NIRC2-­‐AO	
  
K	
  band	
   Ciardi	
  

KOI	
  1686	
  



1 10 100
Orbital Period (Days)

3400

3600

3800

4000

St
el

la
r E

ffe
ct

iv
e 

Te
m

pe
ra

tu
re

 (K
)

Kasting+ HZ Kopparapu+ HZOverlapped HZ

Planet Radius (RE)

  0.4   1.3   2.1   3.0

2992.01!
3010.01!
!
571.05!
4087.01!
2418.01!
4427.01!
!

3263.01!
854.01!
2626.01!
1422.02!
1422.04!
!

1686.01!
!



1 10 100
Period (Days)

1

10

R
ad

iu
s 

(R
Ea

rth
)

2130.01

2156.01

3034.01

4875.01

2662.01

3010.01

1201.01

4427.01
817.01

817.02818.01

1843.01

1843.02

248.01 248.02

248.03
248.04

1681.01

1681.02

1681.03

3119.01

2191.01
3144.01

254.01

3414.01

4087.01

1686.01

2542.01

2839.01 2036.01

2036.02

854.01

3284.01

3090.01

2306.01

2862.01

1868.01

255.01

255.02

1907.01

1702.01

886.01

886.02

886.03

898.01

898.02
898.03

899.01

899.02

899.03
571.01

571.02

571.03
571.04

571.05
1867.01

1867.02

1867.03
2238.012347.01

1141.01

1146.01

1879.01

2992.01

2453.01

2842.01 2842.02

2842.03

463.01

2650.01
2650.02

1393.01
936.01

936.02

249.01

1397.01

2057.01

947.01
250.01 250.02

250.03

250.04
952.01

952.02

952.03

952.04

952.05

2418.012764.01

1085.01

2926.01

2926.02
1078.01

1078.02 1078.03

2058.01

1880.01739.01

596.01

531.01
251.01

251.022006.01

4252.01

2845.01 2179.01
2179.02

1427.01

252.01

2329.01

1649.01

2090.01

1422.01 1422.02

1422.03

1422.04

3749.01

256.01

253.01

253.02

2626.01

247.01

3263.01

781.01
3282.01

3034.01

4875.01

3010.01 4427.011681.02

1681.03

3119.01

3144.01

3414.01

4087.01
2839.01

3284.01

3090.01

2862.01

255.02

571.05

2992.01

2842.01 2842.02

2842.03

952.05

2764.01

2926.01

2926.02

4252.01

2845.01

1422.04

3749.01

253.02

3263.01

3282.01

Q1-Q6
Q1-Q12 (Updated)
Q1-Q12 (New)



A sharp transition at 7.1σ 
does not reproduce the 

KOI SNR distribution.!

A ramp from 6σ-16σ 
successfully reproduces 
the KOI SNR distribution.!

Fressin et al. 2013!



SNR of M Dwarf Planet Candidates
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