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Kepler
A More Recent Pictures of Planets A Search for Earth-size

Planets
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A Kepler
N%‘ﬁ NASA’'s 1995 ExNPS Report O s

Transit Photometry
not Recommended!
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The Kepler Mission

What fraction of sun-like stars in our = -

galaxy host potentially habitable
Earth-size planets?

BRIGHTNESS

TIME IN HOURS



NasA . . Kepler
= Exoplanet Discoveries Over Time A Search For Barth-sie

Radii estimated for non-transiting exoplanets

Discovery data dithered slightly
*According to https://exoplanetarchive.ipac.caltech.edu as of 8/29/17




Exoplanet Discoveries Over Time A Search for Earth-size

Planets
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N% E n a b | I n g Kepler A Sear?fo;,Earth-size

Back illuminated CCDs (20 ppm
photometric precision)

Sophisticated algorithms
Computational infrastructure




Kepler
”%f‘- How Hard is it to Find Good Planets? AS‘ZPE,

Planets
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Launched
March 7 2009




Launched
March 7 2009




X Kepler
N% Asteroseismology with Kepler As?m

Planets
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v E

[ Amplitude (ppm) - n Inset — Stellar oscillation

| — . SRR Detections before Kepler.

Main: Kepler’'s 4 years of study

show the stars amplitudes

(ppm) as color coded points.

Extended study provides —

« Stellar ages and radi

* Internal differential rotation

« Convection zone depths
ages

« Rotation axis orientation

* Heliophysics-like results

...for 15000+ stars
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A Disintegrating Sub-Mercury-Size Planet A Search for Earth-size

Planets
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A Search for Earth-size
Planets

Rappaport et al. 2017, arxiv1708.06069




An R R Ly ra Sta r A Search for Earth-size

Planets

=3
@

ractional Change in Flux
o o
)

P
2
o
c
o
o
c
©
e
Q
©
-
B
©
@
~
w

| | w
0
il
il 02
Il
‘ M
| 0 05 1 15
‘ Time, Days

L I i

2 S Il JII»I“ llhdllv.”.4||’.t”' IH"""""J“

10 20 30 40 50 60

Time, Days




| Kepler
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Planets
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Every time there's an ‘Earth 2.0' exoplanet announced.

‘l‘l”‘t't NA‘).:C e

What Joe Public sees What conspiracy theorsts see What we actually see




Kepler-452b




Kepler-452
System

4




Kepler's Small Habitable Zone Planets

Gaia Properties, Score > 0.5
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Kepler
Kepler’s Science Pipeline A Searcl for Earth-size

Planets
Artificial Transit & BEB
Injection Machine

CAL

|
. > Pixel level

Calibration

Applying machine Review Team

learning to + Robovetting
candidate evaluation

. Planet, or dud?
Auto-Vetting Threshold Crossing Event .
\ . % \

ud

>1,000,000 Lines of Code; 26 different Modules
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=7 Correcting Systematic Errors A Search or Barthsiz
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Nasa Kepler
e Detecting Transits Against Stellar Variability A Search for Earth-size

Planets

High Solar Activity -

8-hour Transit
12-hour Transit
Solar Min
Solar Max
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Normalized Frequency Response
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A Wavelet-Based Approach
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Kepler

A Search for Earth-size
Planets




”@‘ﬁ A Wavelet-Based Matched Filter

cer
A Search for Earth-size
Planets
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Kepler
Single Transit Statistics A Search Jor Earthsize
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< Kepler
NqA\}ﬁ A Sear%};zrth-size

Folded Transit Statistics Pl

ata with Transits
ata without Planet
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Time to First Transit Plonets

Data with Transits
Data without Planet
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The Search P[r@bﬂfg







Hardware Architecture: Ké?lé’f
Kepler SClence Operatlons Center A Search for Earth-size

Planets

64 hosts, 712 CPUs,
3.7 TB of RAM,

148 TB of raw disk storage
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7.25 Pflop/s peak cluster

246,048 cores
938 TB of memory
15 PB of storage




Kepler taught us that planets are ubiquitous:

What Next?




The View from Proxima b
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Kepht Search Space g
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chlcr
‘ 100 deg® FOV

Slated for.launch by mid 2018




Primary Eclipse
Measure size of planet
See star's radiation
transmitted through the
planet atmosphere

Detecting Biomarkers through Transit Spectroscopy

Secondary Eclipse
See planet thermal radiation
disappear and reappear

Leam about atmospheric
circulation from thermal phase
curves

Kaltenegger, L. and Traub, W. (2009) Transits of Earth-Like Planets, ApJ

Transiting planets provide opportunities to
determine the bulk planetary density and to
characterize their atmospheres



+ ESA's CHEOPS (2018)

-/

ESA - C. Carreau

A lbble” — — . . :
~ “ : + ESA’s
) \ ' : ™ PLATO Mission (2026)

Ground-based
Observatories




