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Qutline

Planet Occurrence - what can we measure!
Planet-Metallicity Correlation

Doppler Surveys - Eta-Earth Survey

Transit Survey Completeness

Kepler Planet Occurrence
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Ground-based Transit Surveys

e Define planet parameters of measurement (M, R, P, e, etc.)
* Set planet detection threshold
* Incompleteness — correct for missed planets

'

Number of Planets

Occurrence =
Number of Stars

|

* Define stellar parameters of measurement (M, R, Fe/H, Ieff, logg, etc.) ‘
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Ground-based Transit Surveys

e Define planet parameters of measurement (M, R, P, e, etc.)
* Set planet detection threshold
e High incompleteness — correct for missed planets

'

Number of Planets

Occurrence =
Number of Stars

|

e Define stellar parameters of measurement (M, R, Fe/H, Ieff, logg, etc.) ‘
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Transit Survey Completeness
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Transit Survey Completeness
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Transit Survey Completeness
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Transit Survey Completeness
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Transit Survey Completeness
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Transit Survey Completeness
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Transit Survey Completeness
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Transit Survey Completeness

Red+white noise
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Red+white noise

Transit Survey Completeness
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Transit Survey Completeness

What is the detection efficiency of a transit survey given:

e Ow (White noise)
e Or (red noise)

* night length

* run duration

Requiring 2+ transits

von Braun et al. (2009)
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Transit Detection Efficiency: Effect of Red Noise
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Transit Detection Efficiency: Effect of White Noise
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Transit Detection
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Efficiency: Effect of Run Length
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Transit Detection Efficiency: Effect of Night Length
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Transit Detection Efficiency: Effect of Cadence
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Transit Detection Efficiency: Effect of Niransits
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Transit Detection Efficiency: Effect of depth

Pdetection

L] I L] L} L L l Ll L] Al L ] L}

0.2 —J
0 :-—l rr——rt——r————tr——r——t = r:

0.001 mag ]

—

-

0 10 <0 30
period[days]
1 T T | S
“l FFIFM 0.01 mag -
0.8 - | n -
-g 0.6 — MN&M | “
§ o e
¥ 2 E WA JlJ .
E | st N\'& Wln:
E IIJM', Wi 1 s ; : v “ .
0.2 AL B R '
; 1;& ::ir‘ﬁl'”': l' ; ’:I 'rﬁ | 1
0 B s s i '}Jlﬂ" nlll'l iy ]
0 10 <0 30
period[days]

detection

P

P delection

o
S

o
o]

O
o

o
N

O
™

()

[

ot
o

O
»

O
0

(&

|

m

| |

|| | -
g 11 ik
i IHIE
= J .
, ]
By Jl-.—.—l—-.—l—,--r—l—l--r—l—.--;-;

0 10 20 30

period[days]

I T — | .

'W}l'

1 1 1 1

Ow = 5 mmag

blue = or = 0 mmag
red = Or = 2 mmag

S/Nthresh =7

60 nights

8 hr/night

5 min cadence
Rpo/Rs = 0.1

depth = |-20 mmag

g cipivgl gt e g g
10 20
period[days]

von Braun et al. (2009)

Monday, July 23, 2012




Transit Detection Efficiency: Effect of transit duration
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Transit Detection Efficiency: Space Mission
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Qutline

Planet Occurrence - what can we measure!
Planet-Metallicity Correlation

Doppler Surveys - Eta-Earth Survey

Transit Survey Completeness

Kepler Planet Occurrence
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Pre-Kepler Transiting Planets - 2009
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Kepler Candidates as of June 2010
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Kepler Candidates as of February 1, 2011
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Compute Occurrence

# planets

Occurrence =
# stars

Monday, July 23, 2012



Occurrence =

Compute Occurrence

# planets

# stars

Source of Incompleteness
e window function

e S/N completeness

* inclination

* pipeline completeness

Monday, July 23, 2012




Compute Occurrence

# planets
Occurrencg = - =—————————
# stars

\ Choose stars carefully:

e Limit 7Te and logg
e Kp cut (bright stars only)
e Use SNR cut based on RMS

Monday, July 23, 2012
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Computing Occurrence

# planets
Occurrencg = - =—————————
# stars

\ Choose stars carefully:

e Limit 7Te and logg
e Kp cut (bright stars only)
e Use SNR cut based on RMS
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Computing Occurrence

Choose planets carefully:
 Use SNR cut based on RMS

/  Only consider R > 2 Re
e Correct for inclinations
# planets

Occurrence =
# stars

\ Choose stars carefully:

e Limit 7Te and logg

Apply all cuts consistently| * Kp cut (bright stars only)
to planets and stars e Use SNR cut based on RMS
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Kepler Transits with §/N= O [me fa
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Detection Completeness
SNR > 10 in 90-day quarter

Target Star Parameters: T = 4100-6100, logg = 4.00-4.90 K, Kp < 15.0
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For each detected planet, we know:
Ptransit = Rx/a - transit probability

L L
a

Howard et al. (2012)
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For each detected planet, we know:

Prransit = R«/a - transit probability

N - number of stars around which that
planet could have been detected
with SNR > 10

L L
a

Howard et al. (2012)
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For each detected planet, we know:

Prransit = R«/a - transit probability

N - number of stars around which that
planet could have been detected
with SNR > 10

L L
a

For each detected planet
there are actually 1/ptransit planets
in all orbital inclinations orbiting n« stars
(augment detected planets)

Howard et al. (2012)
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For each detected planet, we know:

Prransit = R«/a - transit probability

N - number of stars around which that
planet could have been detected
with SNR > 10

Occurrence = > (1/Ptransit) / Nx

L J
| Y '
L J

g o "
'0 P
a

For each detected planet
there are actually 1/ptransit planets
in all orbital inclinations orbiting n« stars
(augment detected planets)

Howard et al. (2012)
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Kepler Occurrence

e Define planet parameters of measurement (M, R, P, e, etc.)
* Set planet detection threshold
* Incompleteness — correct for missed planets

'

Number of Planets

Occurrence =
Number of Stars

|

e Define stellar parameters of measurement (M, R, Fe/H, Ieff, logg, etc.) ‘
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Compute Occurrence vs.
Planet Radius

Sum Occurrence
for all Periods
in R + AR

—_—

BTN

Howard et al. (2012)
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Planet Radius Distribution
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Planet Occurrence vs. Orbital Period
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Expanded Stellar Sample
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Planet Occurrence vs. Stellar Temperature
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Planet Occurrence vs. M.
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Planet Densities
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Planet Densities
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Planet Radius Distribution
Kepler

Howard et al. (2012)

Planet Mass Distribution

Eta-Earth Survey (Doppler)

Howard et al. (2010)
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Planet
Densities
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Face Value Conclusions:

e On average, planets smaller than ~3 Re
have bulk densities = 4 g cm™3

* Terrestrial composition ?!

Complications:

* Multiple planets per system

* Different stellar samples?

* Not one-to-one mapping from radius to mass

, 0:20 =
g 5 10} /

o 0.15 = 2 p(R) rises with
E, = 4 decreasing R
3 0.10 g

S o 2 4 6 8
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©

" 0.00
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Summary: Planet Occurrence

e Define planet parameters of measurement (M, R, P, e, etc.)
* Set planet detection threshold
* Incompleteness — correct for missed planets

'

Number of Planets

Occurrence =
Number of Stars

1

e Define stellar parameters of measurement (M, R, Fe/H, Ieff, logg, etc.)
e Check that results don’t depend on stellar param boundaries
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‘Patterns of Planet Occurrence Reveal Mechanisms of Planet Formation:'

|. Population synthesis models incorrectly predicted planet desert

new physics needed in model?
better models of migration & planet-planet interactions needed?

1.0
in situ formation (“‘migration then assembly”) ? L1
1000
2. Planet radius distribution ’ —os
small planets are more common 3 07
limited by 35% errors in stellar radii = 5
precise Rx will reveal details of R;, distribution g 100f 8
= [
A 058
: . g 3
3. Planet period distribution E 0af
planet occurrence increases with orbital distance (per log P) £ ol ol
parking distance varies with planet size = '
0.2
4. Planet occurrence vs. stellar mass L
occurrence of close-in sub-Neptune planets decreases with My
0.0
jovian planet occurrence (out to ~2AU) has opposite trend it Petod (aya)

sighature of migration, formation, something else!?
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HARPS + CORALIE Volume-limited Survey
Mayor et al. (201 |)

04 06 08 10 12 14

1.8

Keck/HIRES

50F

Number

S ———————
r B
P b
" -
- B

-
-
-
E
—
B
Known Planets Removed :
:
:
4
-
-
—
-
-
-
-
:
3
S
3
;
3
-
]
:
-
:
B
-
-
-
k
-
-
4
-
-
-
-
E
4
-
-
B
b
B
-
-
— — — W

0 5 10 15
RMS to line (m/s)

20

0._

0.3

02

Relative number of stars

mode = 1.41 m/s

RV dispersion [m/s)

SddVH

Monday, July 23, 2012



HARPS + CORALIE Volume-limited Survey
Mayor et al. (201 |)
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HARPS + CORALIE Volume-limited Survey
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HARPS + CORALIE Volume-limited Survey
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HARPS + CORALIE Volume-limited Survey
Mayor et al. (201 |)
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Howard et al. (2010)
Mayor et al. (2011)
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