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At present, 2.1 publications per
day use Kepler or K2 data

2016: 1.2 per day
2013: 0.8 per day
- 2010: 0.2 per day

Photo credit: motorverso.com (cc-by)



Many of Kepler’s most intriguing
discoveries are still emerging.




Kepler’s discoveries will
continue

1) new data
2) new methods
3) new tools







The number of targets with Kepler data

Increased by 30% over the past year
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The number of cool stars with Kepler
data has almost doubled over the past
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K2 has observed two dozen clusters across all

ages
+ Young open clusters (1-10 Myr)
Taurus, Upper Sco, rho Ophiuchus, Lagoon (NGC 6530).

- Moderately young open clusters (0.1-1 Gyr)
Pleiades, Hyades, M35, M44 (Beehive), NGC 1647, NGC
1746, NGC 1750, NGC 1758, NGC 1817.

- Middle-aged clusters
M67, Ruprecht 147, NGC 2158.

- Globular clusters Campaigns 5, 16, & 18 overlap

M4, M9, M19, M80, Terzan 5. =>M67 & M44 were observed >
NGC 5897, NGC 6293, NGC 6355. for 3 x 80 days (3-yr baseline) @



New High Level Science

Product for star clusters

Barbara A.

K2SUPERSTAMP

Cody et al. 2018, RNAAS, 2a, 25
Source code available on GitHub.

Introduction Description of Data Products Data Access

Introduction

The K2ZSUPERSTAMP project consists of image data on four open
clusters abserved by the NASA K2 Mission. The clusters are M35, MG7,
Ruprecht 147, and NGC 6530-- the Lagoon Nebula Cluster (referred to
here as the Lagoon). While data for these regions were previously
released by K2, it consisted of small (~50x50) target pixel file stamps. In
this release, the K2SUPERSTAMP team have stitched together all small
stamps for each region to create one larger image for every epoch, and
subsequently fit a world coordinate system (WCS) solution to each
resulting FITS file.

With these products it is now possible to identify any and all stars in these
open cluster regions via their right ascension and declination. Most stars
that fell across the edge of the target pixel files now have spatially
continous data. The data is flux in counts (e-/s), and for M67 and
Ruprecht 147 only, it has been background subtracted (background was
not estimated by the K2 pipeline for M35 and the Lagoon). Each file
corresponds to a single timestamp at the 30 minute long cadence of K2,
and may be read in via standard FITS handling programs (e.g. IRAF or
Python/astropy). This format enables the production of time series
photometry faor cluster stars, and the resulting light curves are now being
used to study stellar rotation in M35 (Cody et al. 2018, in prep.) and M67
(Giampapa et al. 2018, submitted) as well as pre-main sequence star
variability in the Lagoon (Cody et al. 2018, in prep.)
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About MAST Getting Started

Download README

work by
@astronomcody



Simultaneous Data —>

C16 & C17 were “forward facing”

K2
Kepler telescope / NASA
Space
Photometry

CARMENES NARVAL
3.5m telescope / Calar Alto Observatory  Telescope Bernard Lyot (2m) / Pic du Midi Observatory
Spain France
Optical + NIR Radial Velocity Spectropolarimetry
Espaoons eo® h
CFHT (3.5m) / Mauna Kea Observatory ® SOPHIE
Hawaii / USA ® 1.93m telescope / Haute-Provence Observatory
Spectropolarimetry France
Radial Velocity
L]
 TRAPPIST-N
HARPS Oukaimeden Observatory
ESO-3.6m / La Silla Observatory Morocco
Chile griz photometry
Radial Velocity
The K2 stellar activity campaign
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Supernova Campaign

Kepler/K2 Campaign 16 Contemporaneous Ground-based Observations

®
Pan-STARRS
Gemini North
IRTF
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Palomar 48

VLT
ESO 3.6m

LCO Swope
SOAR

== —=
‘ £ > - A,l;"v@
’ S
:r‘_';. S — Y "
(@) K

SkyMappers
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PanStarrs images
will be released at
MAST this month!
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Creative analyses enable the study
of stars brighter than ~5th
magnitude

Creative use of pixels in
the PSF wings of bright
stars enables the
investigation of bright
stars, including OB-type
supergiants.

Pope+ 2016
White+ 2017
. Aerts+ 2017
T Mipwan Aerts+ 2018
rho Leo (B1lab) HD 188209 (O9.5lab)




Gaussian Processes

power [ppm? uHz ']
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Our ability to model Kepler’s background

systematics Is improving

Campaign 8
Cadence: 119957

Electronic “rolling band” noise
limits Kepler’s sensitivity, but
progress is being made towards
modeling the varying
background, e.g. using 2D
Gaussian Processes.

Hedges+ in prep



True label

The community is getting ever
better at leveraging Al & machine

learning

Bels Perse: EB 7.0% 0.0% 9.4% 6.0% 1.1%
9.7%0.0% 2.2% 0.2% 0.0%
5.1% 0.7%2.8% 0.0% 5.9%
9.1% 3.1% 0.1%1.0% 4.4%
3.7% 1.5% 5.1% 5.1%

0.2% 1.9% 2.3% 1.9% ElEEFE
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Careful feature engineering allows a classifier
to provide a complete and unbiased census of
different types of stars.

Hedges+ 2018
and others






# lightkurve

lightkurve

Docs » Welcome to lightkurve! View page source

Welcome to lightkurve!

The lightkurve Python package offers a beautiful and user-friendly way to analyze astronomical
flux time series data, in particular the pixels and lightcurves obtained by NASA’s Kepler, K2, and
TESS missions.

Quickstart

Installation $icapture

_ tpf = KeplerTargetPixelFile.from archive( 'kepler-10', quarter=5)
AP| documentation

TUTORIALS tpfito_lightcurve!( .plot();
Introduction to lightkurve Kepler ID: 11904151
255
Science with lightkurve
- - - - 254 80000
Systematics correction using lightkurve
253
ABOUT LIGHTKURVE o
8 252 60000 —
Contributing and reporting Issues = '
z 251 v
o
Citing and acknowledging lightkurve & . 40000 3
Q -—
Other software = -
20000

248

247
656 658 660 662

Pixel Column Number

This package aims to lower the barrier for both students, astronomers, and citizen scientists
interested in analyzing Kepler and TESS space telescope data. It does this by providing high-quality
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Video by Christina Hedges



Flux (e/s)

KeplerTargetPixelFile(filename).interact()

Quicklook lightcurve for EPIC 249928278 (K2 Campaign 15) Pixel data (CCD 19.1)
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Work led by Michael-Gully Santiago (@gully_)



A& lightkurve

Tutonals

lightkurve [EEE———

o What are TargetPixelFile objects?
o What are LightCurve objects?

o What are LightCurveFile objects?

e Science with lightkurve

NG STARTER o How to recover a known planet in Kepler data?

o How to use lightkurve for asteroseismology?

Quickstart o How to make a supernova lightcurve?

Installation e Extracting lightcurves

o How to perform aperture photometry with custom apertures?

o How to performm PRF photometry?

o How to cut out Target Pixel Files from Kepler Superstamps or TESS FFIs?
Introduction to lightkurve o How to save a lightcurve in FITS format?

Science with lightkurve o How to combine lightcurves from different Kepler quarters

e Systematics correction

AP| documentation

Extracting lightcurves
o Interactively inspecting Target Pixel Files and Lightcurves

o How to remove common systematics using basis vectors (CBVs)
T o How to remove K2 motion systematics with SFF

Systematics correction

Contributing and reporting issues o How does the SFF method work?

S e e e [ s o Replicating Vanderburg & Johnson 2014 using lightkurve

o How to identify time-variable background noise (“rolling bands”)?

A

Other software



A& lightkurve

Tutonals

lightkurve - See Poster #266

uve (Sagear et al; @_ssagear)
o What are TargetPixelFile objects? _ _ _
o What are LightCurve objects? fOr upCOmlng fUﬂCthnallty

o What are LightCurveFile objects?

e Science with lightkurve

NG STARTER o How to recover a known planet in Kepler data?

o How to use lightkurve for asteroseismology?

Quickstart o How to make a supernova lightcurve?

Installation e Extracting lightcurves

o How to perform aperture photometry with custom apertures?

o How to performm PRF photometry?

o How to cut out Target Pixel Files from Kepler Superstamps or TESS FFIs?
Introduction to lightkurve o How to save a lightcurve in FITS format?

Science with lightkurve o How to combine lightcurves from different Kepler quarters

AP| documentation

Extracting lightcurves e Systematics correction
o Interactively inspecting Target Pixel Files and Lightcurves
o How to remove common systematics using basis vectors (CBVs)

VE o How to remove K2 motion systematics with SFF

Systematics correction

Contributing and reporting issues o How does the SFF method work?

S e e e [ s o Replicating Vanderburg & Johnson 2014 using lightkurve

o How to identify time-variable background noise (“rolling bands”)?

A

Other software



KEPLER:K2
=SciConV

10 YEARS SINCE LAUNCH

March 4 — 8, 2019
Glendale, CA

Abstracts due Nov 15, 2018



Want to chat Kepler/K2?
Find one of us...

Jessie Dotson \
@jessiedotson

Knicole Colon
@super_knova

Michael Gully-Santiago
@gully_

Ann Marie Cody
@astronomcody

Sarah Sagear
@_ssagear

or go to keplerscience.arc.nasa.gov to learn more



http://keplerscience.arc.nasa.gov

