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The Kepler Mission: 2009 - 2013!

Credit: NASA/Kepler mission 
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Kepler is dead.  



Long live K2? 
Kepler is dead.  



http://www.nasa.gov/kepler/keplers-second-light-how-k2-will-work

The K2 Mission is a Balancing Act!



http://www.nasa.gov/kepler/keplers-second-light-how-k2-will-work

Each K2 Campaign Lasts Roughly 80 Days!



Where is K2 Looking?

http://keplerscience.arc.nasa.gov/k2-ddt.html http:/keplerscience.arc.nasa.gov/k2-proposing-targets.html#solicitations/

Image Credit: F. Mullally



Where is K2 Looking?

Opportunity Deadline
Campaign 12 Director’s Discretionary Time: August 18, 2016
K2 GO Cycle 5 (Campaigns 14 - 16) Step 1: September 23, 2016
K2 GO Cycle 5 (Campaigns 14 - 16) Step 2: November 4, 2016
Campaign 13 Director’s Discretionary Time: November 10, 2016

http://keplerscience.arc.nasa.gov/k2-ddt.html http:/keplerscience.arc.nasa.gov/k2-proposing-targets.html#solicitations/

Image Credit: F. Mullally

Send your target recommendations!



How does K2 differ from 
the prime Kepler mission?



Kepler K2
Baseline 4 years 80 days

Fields 
Observed 1

10 done 
+ 1 in progress 

+ 8 more?
Stars Observed 200,000 10,000 – 30,000 per field

Target 
Selection

Primarily Kepler team + 
Guest Observer program Guest Observer program

Planet Search Kepler Science Office 
+ Community Community

Scientific 
Emphasis

Constrain the frequency of 
Earth-like planets orbiting 

Sun-like Stars

Exoplanets (transits & 
microlensing), stellar 
physics, extragalactic 

astronomy, etc.
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K2 is Observing Many Small Stars

Huber et al. 2016, ApJS, 224, 2 

of selected K2 targets are K and M dwarfs 41% 
K2 Kepler 



K2 Papers are Plentiful

http://keplerscience.arc.nasa.gov/publications.html 
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A few highlights from K2



Close-in Planets Can be Tidally Disrupted

Sanchis-Ojeda+ 2015, ApJ, 812, 112 
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Some Hot Jupiters have Close Friends!

Becker et al. 2015, ApJL, 812, 18



Some Hot Jupiters have Close Friends!

Becker et al. 2015, ApJL, 812, 18

0.79 days
1.8 Earth radii 

4.2 days
12.8 Earth radii 

9.0 days
3.6 Earth radii 



Even Baby Stars Have Planets!



Even Baby Stars Have Planets!

David+ 2016, Nature in press, arXiv:1606.06729
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Even Baby Stars Have Planets!

David+ 2016, Nature in press, arXiv:1606.06729
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Some Bright Stars Host Small Planets

Vanderburg+ 2016, arXiv:1607.05248



Some Bright Stars Host Small Planets

Vanderburg+ 2016, arXiv:1607.05248

V = 8.94, K = 7.07



K2 is expanding the sample of small 
planets orbiting bright stars

Crossfield+ 2016, ApJ accepted, arXiv:1607.05263 
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Zach Berta-Thompson 
Torres Exoplanet Fellow at Massachusetts Institute of Technology 

Assistant Professor at University of Colorado, Boulder 

TESS: TESS 
the 

mission 

@TESSatMIT 
(Gabi Serrato Marks at MIT) 

@TESS_NASA 
(Matt Ritsko at Goddard) 



Explorer  
Mission 

TESS

launch in 2017, 
to find hundreds of  

nearby small exoplanets 
amenable to detailed 

characterization 

Ricker et al., JATIS, (2014) 

TESS Slides from Zach Berta-Thompson 



George Ricker (P.I.)
Roland Vanderspek (Deputy P. I.) 

Massachusetts Institute of Technology
 

science center shared between  
MIT + Harvard/Smithsonian CfA

 
collaboration including:

NASA Goddard, NASA Ames, MIT Lincoln Lab, Orbital 
Sciences, STScI, SAO, MPIA-Germany, Las Cumbres 

Observatory, Geneva Observatory, OHP-France, 
University of Florida, Aarhus University-Denmark, 

Harvard College Observatory, Vanderbilt University, 

TESS

Ricker et al., JATIS, (2014) 

TESS Slides from Zach Berta-Thompson 



Why do we need it? 
How will it work? 

What data will it collect? 
When does it happen? 

Transiting  
Exoplanet  
Survey  
Satellite 





Non-Kepler 
Kepler/K2 

TESS Slides from Zach Berta-Thompson 



Where do we point JWST?
TESS Slides from Zach Berta-Thompson 



TESS  
is our  
finder 
scope! 

Where do we point JWST?
TESS Slides from Zach Berta-Thompson 



Why do we need it? 
How will it work? 

What data will it collect? 
When does it happen? 

Transiting  
Exoplanet  
Survey  
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TESS will 
measure the 
brightness of 

stars. 

TESS Slides from Zach Berta-Thompson 



Detector 
Assembly 

Lens Assembly Lens Hood 

10.5 cm diameter,  
24°x24° field of view 

Ricker et al. (2014), Sullivan et al. (2015) 

TESS Slides from Zach Berta-Thompson 
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24
°

FOV from one TESS camera: 
TESS Slides from 

 Zach Berta-Thompson 



4 cameras 

Ricker et al. (2014), Sullivan et al. (2015) 

TESS Slides from Zach Berta-Thompson 



Ricker et al. (2014), Sullivan et al. (2015) 
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Ricker et al. (2014), Sullivan et al. (2015) 

TESS Slides from Zach Berta-Thompson 



a brief tour of TESS hardware 

TESS Slides from Zach Berta-Thompson 



cameras We built a complete TESS 
camera, for risk reduction 

and to develop test 
apparatuses. 

TESS Slides from Zach Berta-Thompson 



video from TESS camera (at room temperature): 
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cameras
We are assembling flight 

CCDs and electronics. 

TESS Slides from Zach Berta-Thompson 



cameras We are assembling 
flight lenses into 

cameras.  

TESS Slides from Zach Berta-Thompson 



cameras We built chambers and 
benches to characterize 
detector packages and 

complete cameras 
(gain, linearity, flat-field,  

quantum efficiency, focus).  

…& a superstable light source  
(thanks CHEOPS!) 

TESS Slides from Zach Berta-Thompson 



baffle

The flight sunshade baffle is 
made, and lens hoods are 

underway. 

lens hood

TESS Slides from Zach Berta-Thompson 



antenna

The high gain antenna 
has been built and 

tested. 

TESS Slides from Zach Berta-Thompson 



The flight reaction wheels 
and propellent tank exist. 

gyros

ta
nk

TESS Slides from Zach Berta-Thompson 



The primary structure 
has been tested on the 
rocket interface cone. 

TESS Slides from Zach Berta-Thompson 



Flight solar panels 
are being built. 

TESS Slides from Zach Berta-Thompson 



TESS is happening! 

TESS Slides from Zach Berta-Thompson 



Why do we need it? 
How will it work? 

What data will it collect? 
When should you care? 

Transiting  
Exoplanet  
Survey  
Satellite 

TESS Slides from  
Zach Berta-Thompson 



(60X speed) 

The TESS CCDs 
take 2 second 

exposures. These 
data are used for 
guiding, but not 

downloaded. 

Postage stamps will 
be downloaded at 

20 second cadence 
for 1,000 bright 

asteroseismology 
targets. 

Postage stamps will 
be downloaded at  
2 minute cadence 
for 200,000 stars, 

primarily good 
planet-search 

hosts. 

Full frame images 
will be downloaded 

at 30 minute 
cadence 

0.5° 
(60X speed) 

TESS Slides from Zach Berta-Thompson 
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Ricker et al. (2014); Sullivan et al. (2015)
TESS Slides from  
Zach Berta-Thompson 

Photometric Noise in 1 Hour 



Ricker et al. (2014); Sullivan et al. (2015)
TESS Slides from  
Zach Berta-Thompson 

Photometric Noise in 1 Hour 

200 ppm
for 10th mag. 



Ricker et al. (2014); Sullivan et al. (2015)
TESS Slides from  
Zach Berta-Thompson 

Photometric Noise in 1 Hour 

1%
for 16th mag. 



Why do we need it? 
How will it work? 

What data will it collect? 
When does it happen? 

Transiting  
Exoplanet  
Survey  
Satellite 

TESS Slides from  
Zach Berta-Thompson 



TESS is scheduled to launch 
20 December 2017

on a SpaceX Falcon 9. 

TESS Slides from Zach Berta-Thompson 



TESS timeline: 
2016 2017 2018 2019 2020

2016 2017 2018 2019 2020

flight hardware + software, testing  

instrument  
delivery for 
observatory 
integration 

TESS  
observes  
southern  
ecliptic  

hemisphere 
TESS  

observes  
northern  
ecliptic  

hemisphere 

launch

commissioning 
(two months) 

TESS  
extended 
mission !

TESS Slides from Zach Berta-Thompson 



30 minute full-frame 
images will be released as 

calibrated pixel data to 
MAST, within 4 months  

of downlink. 

20 second stamps will 
be analyzed by the 

TESS  
Asteroseismic 

Science Consortium. 

2 minute stamps will be 
processed by NASA Ames. 

Data, light curves, and 
TESS Objects of Interest 
will be released to MAST 

within 4 months of 
downlink. 

TESS data release policy: 

TESS Slides from Zach Berta-Thompson 



TESS Guest Investigator Program 

The astronomical community can apply for: 
• new targets to be observed at 2-minute cadence (10,000/yr) 
• new analyses of TESS full-frame images. 

Investigators at US institutions can apply for funding ($2.5M/yr). 
 

Cycle 1 call for proposals will be released December 2016.

Guest Investigator Program office will be source for software and 
documentation for community. See tess.gsfc.nasa.gov! 

TESS Slides from Zach Berta-Thompson 



2009! 2010! 2011! 2012! 2013! 2014! 2015! 2016! 2017! 2018! 2019! 2020! 2021! 2022! 2023! 2024!

Kepler

K2

TESS



2009! 2010! 2011! 2012! 2013! 2014! 2015! 2016! 2017! 2018! 2019! 2020! 2021! 2022! 2023! 2024!

Kepler

K2

TESS

CHEOPS





aracterising
x lanet 

atellite



Cosmic Vision Themes What are the conditions for planet formation 
and the emergence of life?

Primary Goal Characterize transiting exoplanets orbiting 
bright host stars

Targets Known exoplanet host stars
V mag ≤ 12

Wavelength 0.4 – 1.1 microns
Orbit Sun-synchronous, 650-800 km

Lifetime 3.5 years (goal = 5 years)

http://sci.esa.int/cheops/



Date: 01 July 2014
Satellite: CHEOPS

Copyright: ESA - C. Carreau

Telescope Aperture: 
33cm

Spacecraft dimensions:
1.5m x 1.4m x 1.5m

Launch Plan: 
Shared launch in 2017

Community Science: 
20% of mission



Date: 01 July 2014
Satellite: CHEOPS

Copyright: ESA - C. Carreau

Earth-sized planets transiting G5 dwarfs
Precision: 20 ppm in 6 hrs

V mag = 6 – 9  

Precision Goal: 
10% planet radii

Neptune-sized planets transiting K dwarfs 
Precision: 85 ppm in 3 hrs

V mag = 9 – 12 
SNR = 30



The CHEOPS Engineering Model  is under construction!

CHEOPS flight platform during harness integration. Credit: ADS - Spain
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PLAnetary 
Transits

Oscillations
stars

and

of



Launch: by 2024
Lifetime: 6 years

Location: L2



One Possible Design for PLATO 

Credit: Thales Alenia Space, European Space Agency, Digitized Sky Survey 2 (STScI) 

Total 
Field of View 
> 2200 deg2

Individual apertures = 12 cm



Rauer et al. 2014, Experimental Astronomy, 38, 249 

How long will PLATO observe? 
Step & Stares: month(s)

Long Pointings: 2-3 years

How many stars will PLATO observe?
Each Field: 150,000 

Full Mission: 1,000,000



Rauer et al. 2014, Experimental Astronomy, 38, 249 

How long will PLATO observe? 
Step & Stares: month(s)

Long Pointings: 2-3 years

How many stars will PLATO observe?
Each Field: 150,000 

Full Mission: 1,000,000



PLATO will Observe a Million Stars 

The exact pointings have not been set. 



Rauer et al. 2014, Experimental Astronomy, 38, 249 

How will PLATO observe? 



“Normal” Cameras:
Bandpass: 500 -1000 nm
Magnitude Range: 8 – 16 

Cadence: 25 s

“Fast” Cameras:
Bandpass: Broadband filter
 Magnitude Range: 4 – 8 

Cadence: 2.5 s

Rauer et al. 2014, Experimental Astronomy, 38, 249 

How will PLATO observe? 



Rauer et al. 2014, Experimental Astronomy, 38, 249 

“Normal” Cameras:
Bandpass: 500 -1000 nm
Magnitude Range: 8 – 16 

Cadence: 25 s

“Fast” Cameras:
Bandpass: Broadband filter
 Magnitude Range: 4 – 8 

Cadence: 2.5 s

How will PLATO observe? 



Projected Yield of Fully Characterized Small Planets 
(Asteroseismology & RV)

Period (Days) / Semi-major axis (AU)
Rauer et al. 2014, Experimental Astronomy, 38, 249 
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Earths & 

Super-Earths 
(host star V mag ≤ 11)
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Non-Kepler 
Kepler/K2 
TESS (expected) 

TESS Slides from Zach Berta-Thompson 



Additional Slides 



http://www.nasa.gov/kepler/keplers-second-light-how-k2-will-work

The K2 Mission is a Balancing Act!



Some Bright Stars Host Small Planets

Vanderburg+ 2015, ApJ, 800, 59



Ricker et al. (2014), Sullivan et al. (2015) 

TESSKepler

M dwarf 

G dwarf 

TESS Slides from Zach Berta-Thompson 



deep depletion, 
frame-transfer CCDs 

Ricker et al. (2014), Sullivan et al. (2015) 

TESS Slides from Zach Berta-Thompson 



TESS Follow-up Observations 

The TESS Science Office will identify transit candidates (TOIs),  
and use Kepler techniques to remove easy false positives. 

 
TESS Follow-up Observing Program will characterize the TOIs 

with recon spectroscopy, seeing-limited transits,  
high-resolution imaging, and precise radial velocities.  

 
Cooperation and collaboration are key to make the most of our 
collective resources. NExScI is expanding the ExoFOP portal to 

coordinate community efforts on TESS.

K2 observers: please use ExoFOP and provide feedback.  
You can shape the TESS follow-up process! 

TESS Slides from Zach Berta-Thompson 



TESS CHEOPS
CHEOPS observes only one star at a time, 
but it has 9X the collecting area of TESS. 

TESS Slides from Zach Berta-Thompson 



• We need TESS to find nearby 
bright small transiting planets.  

•  TESS is coming to life and is on 
schedule to launch in 2017. 

•  The TESS planets will 
forevermore be the best small 
planet targets for radial velocity 
mass measurements and 
atmospheric characterization. 

Takeaways 

TESS Slides from Zach Berta-Thompson 



PLATO is expected to achieve 
precision better than 10 ppm



Rauer et al. 2014, Experimental Astronomy, 38, 249 



PLATO will have a large field of view 

Rauer et al. 2014, Experimental Astronomy, 38, 249 


