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Microl _ Imaging
icrolensing 18
a7 1%
1.4%

Radial Velocity

18.5%

epler Transits

299
8.6%

K2

141

Kepler 49,

2308
66%

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



Overlapping Fields of View A S
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Fields that overlap with Kepler/K2 and
TESS offer opportunities to greatly
extend knowledge for multiple
transiting planet systems:

« Recover ephemerides

» Discover rocky, longer-period
planets
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Kepler: 2308 Planets

« 1639 Host Stars; 444 Multis

111 systems; 220 planets with TTVs
* (195 TTVs with T <50 days)

K2: 141 Planets
e 104 Host Stars; 25 Multis
1 system; 4 planets with TTVs

Non-Kepler/K2: 1060 Planets
« 871 Host Stars; 116 Multis 7 | Fetum, 805 Rock
« 4 systems; 9 planets with TTVs = @ @ ] mmems

Helium, 90% Rock
- - 100% Water

H

w

Earth-like

N

TTVs can deliver mass estimates

Radii (Earth radius)

*Requires long stare campaign,
but very rewarding!

Mass (Earth mass)
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TESS launches in March 2018 27 days

p - '.-\ 54 days
TESS will obtain 24° x 96° FFls / = %K ¢

every half hour over each ~28 day A"' v\ 8.1 dlai
sector ' \ -y

189 days

| 351 dﬁ
/ // WST e,

~7+// continuous %, ::.

viewingzone

PLATO can construct light curves for
almost every source it plans to
observe over at least 28 days

(Likely will be able to download light
curves from MAST created by
somebody else)

Follow up activities for TESS are a
good training exercise for PLATO
follow up observers
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Kepler Magnitude range 11.50 to 12.50
T T T T T T

N

3. T T T T

Stellar Variability is non-negligible

20.

Residual Systematic Errors can
drive up CDPP (NSR)

14.

Galactic Latitude

Detection Threshold of 7c for Kepler was |
(overly) optimistic:
» Sufficient for detection

* Insufficient for vetting in many
iInstances

« SNR>100 typically yielded robust
vetting results ! , , , ,

Characterization and vetting require Stelar noise (pprm)

higher SNR than detection Gilliland et al. 2015 showed that stellar noise on
6.5-hr timescales contributes ~20 ppm

5.
150.
100.

50.

Number per ppm bin

Other important stochastic noise sources: Sudden pixel
sensitivity dropouts, thermal transients, etc.



{ddan mE;_E.m_n__ 1y-9
Cu @ o o= o

=

(A"

‘Ga| — fuaeif azelng




Kepler

A Search for Earth-size

Planets
Characterizing completeness and reliability of software/people
pipelines Is extremely resource intensive
Kepler shipped the final light curve products in April 2015
We've spent the remainder of the time until present adding
artificial transits, BEBs, scrambling the data temporally,
Inverting the light curves etc., etc.
Avrtificial Transit & BEB Artificial Transits @ O
. Injection Machine and Eclipses {
Mapping completeness and - R g Cuses & Cono. D
re“at_)lllty and (_:haraCterIZIn_g the : ;; Pi;ﬁ:\_/el @@@ Phot?r:gtric — Pre-s;?gwpata
candidate vetting process is R oot piver I Conditioning
difficult i e et N e
Threshold Crossing Events
: , : (TCEs)
Diagnostic Metrics & Reports DV Transi},fsp.anet
Recommendation: Pursue ﬁ Lo vaaton | < Tore?
machine learning for conducting o v ToERT
or modeling the candidate vetting o et Review Team @ A
\ evaluation <

process



Asteroseismology with Kepler
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Inset — Stellar oscillation
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 radii

* Internal differential rotation

« Convection zone depths
ages

* Rotation axis orientation

« Heliophysics-like results

...for many thousands of stars

Asteroseismology with PLATO
should prove to be as
revolutionary as it was for Kepler ‘
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A Disintegrating Planet: KIC 12557548
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KIC 3542116: An Exocomet Candidate
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rotation period is
8X the planet’s
] of 1.49 days
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Kepler-17b: Spot Lifetime
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* Transit photometry has dominated the discovery of exoplanets in
the past 8 years

* PLATO can extend and amplify the science results particularly of
Kepler by re-observing the Kepler FOV to recover TTVs and
permit identification of longer period planets by combining data
sets and for TESS if either or both of the Webb Continuous

Viewing Zones are observed

 PLATO can extend the discovery space for small, rocky planets
to 1-year periods, but likely only with 3+years at a given FOV,
due to stellar variability

« Stellar noise is an important limiting factor

» Robust determination of n__, requires significant investment in
probing completeness and reliability of data processing pipelines
and vetting protocols

» Expect the unexpected! And have fun.



