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1.25 - 2.0 Earth

& Neptune-size
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2.0 - 6.0 Earth

@ Giant-planet size
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6.0 - 22 Earth



U Search fcar small planets ar@und nearby Sy ot

e stars that are easier tO study Sy  , L

-
. : :
. »
» .
=5 : O . ." ) A
. - » ‘Y
" »
» o ~
. » »

3 :
» .

. .

» »

- -.
o .
»
- . .
. . . . =
» » -
»
»
»
»
; »
g 9 . :
-
-
» . L o
» ¢
v »
’ .
. »
» . :
»



TESS launched on
April 18!

on a SpaceX Falcon 9.
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ecliptic AOP (deg)

TESS Science Orbit Dynamics

For highly eccentric orbit it is known that eccentricity and inclination oscillate
together, as described by the Kozai mechanism

120 =

90 = U
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—_— 2020 2025 o 2030 2035

TESS will undergo periodic oscillations on a 10 month and a 10 year cycle.
Its orbit will range from 12.8 to 14.6 days, with an average of 13.7 days






FOV from one TESS camera
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High Value Planets

Long baseline
Overlap with Webb
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TESS timeline:
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Kepler vs TESS

TESS Kepler
Pixel Size 21 arcsec 4 arcsec
Baseline 27 - 351 days 4 yrs, 80 d for K2
Single CCD 2048 x 2048 Two 2200 x 1024
Num CCDs 16 21 CCDs
Wavelength 600-1100 nm 400-900 nm




These are the Stars in the Neighborhood

(hot) . , X l
(cola) ' ‘.::..:.
Jles pT e s a0 T Gtars within 80 light
S A S years of Sun

image credit: A. Riedel, RECONS
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First Test Image!
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Barclay et al. in prep



Planets orbiting stars with
Terf <3410 and Ks< 10
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Continuous stream of
2-second full-frame

integrations

2 min Postage Stamps

Compressior
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Images are summed in Postage Stamps are 10,000 Postage
groups of 60 into extracted near Stamps around
120-second stacks target stars 15,000 stars per
orbit

30 min Full-Frame Images (FFIs)

| Images are summed in groups of
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The official archive for TESS mission data products is the Mikulski Archive for Space
Telescopes (MAST) which is hosted at the Space Telescope Science Institute (STScl).

> \ Barbara A.

MIKULSKI ARCHIVE 2 SPACE TELESCOPES

MAST | STScl | Tools ~ | Mission Search ~ | Search Website | F] - FollowUs ~ | Register | Forum
TESS Home About TESS Data Products Search Tools Documentation External Links TIC Documentation TIC Search Options
TESS MAST Homepage
Latest Updates Mission At A Glance Example Coverage Map
15 February 2018 Launch No earlier than March 2018. TESS 2-year sky coverage map
Simulated TESS data products ("ETE-6") now Capabilities Imaging; Photometry 27 days
available. See the ETE-6 homepage for more , . Vp\’
information. Image Scale 21 arcsec/pixel P / -« / 54 days
f/
23 January 2018 Wavelength . o v E | IR MM HAD

Version 6 of the TIC is now public. See the live
release notes for information on changes from

TIC v5.

10 July 2017
Parallax-based log(g) errors in TIC v5. See
notes here.

05 June 2017

Version 5 of the TIC and CTL are now public.

About TESS

Ve 108 days
y\ | 189 days
\( S |/ -
‘-—1//

V4 y 4 viewing zone s

Image credit; https:/tess.gsfc.nasa.gov



https://archive.stsci.edu/tess
https://archive.stsci.edu/tess
http://www.stsci.edu/

aasa | ESS News Mission ~ Using TESS ~ Data analysis ~ Education & Qutreach HEASARC € Helpdesk

?
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TESS

Science Suppart Center

3 2 . = {/'57
@ TESS mission U Proposing science @ Data access
The Transiting Exoplanet Survey Satellite (TESS) is a The TESS Guest Investigator Program is an annual Access simulated data, documentation, data
two-year survey that will discover exoplanets in call where scientists can propose new cbservations analysis software, and find information on the
orbit around bright stars. and receive funding and support. follow-up observing program.

More »

More »

Mare »

News for scientists RA Subscribe to our mailing list

TESS successfully completes lunar flyby
Email address


http://bit.ly/tessgi

K2 GO Office (lightkurve.keplerscience.org

#& 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 t%capture

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

tpf.to lightcurve().flatten().fold(period=0.837501).plot();

Introduction to lightkurve +1
: S !
Science with lightkurve
. . . 0.0010 -

Systematics correction using lightkurve
N
-
L 0.0005 - ' . [
- |

Contributing and reporting issues _§
°

Citing and acknowledging lightkurve § 0.0000 1
-

Other software | ..'\ "

~0.0005 - i |
T '
ol

-0.4 -0.2 0.0 0.2 0.4
Time - 2454833 (days)

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-







ESS will find the touchstone planets that
will be studied for decades
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DAVE

Discovery and Vetting of Exoplanets

1 Planet search
Target selection 2 Robotic Vetting Tools

Light curve creation

Centroiding
Odd/Even Depth

Significant Secondary
Transit Consistency /Shape
Ephemeris Matching

3 Catalog of False Positives
K2 GO EIErS FE FaomEsEn (including other team’s

K2 GO Cycle 4: P.I. Mullally K2 light curves)
K2 GO Cycle 5: P.l. Quintana

DAVE Team: Geert Barentsen, Knicole Colon, Jeff Coughlin, Fergal
Mullally, Susan Mullally, Veselin Kostov, Tom Barclay, Chris Burke
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Welcome to DAVE:

Discovery and Vetting of K2 Exoplanets

Below are our latest K2 planel cancidate dispositions.

CANDIDATE DISPOSITIONS

MEET THE TEAM

DAVE Disposition Table

EPIC ID Period Epoch Disp  Notes Link to Vetting Plots
(Days) (BKID)

206162305 7.066 2178.04496 FP  Centroid offsetand  http://keplertcert.seti.org/DAVE/AIIK2/Output/206162305
plausible odd/even

210383383 14.085 2264948453 FP  Everest shows hitp://keplertcert.seti.org/DAVE/AIIK2/Output/210383383
significant secondary

210401157 1.316 22645424 FP Likely an EB, looks  http://keplertcert.seti.org/DAVE/AIIK2/Output/210401157
ellipsoidal

210754505 0.871 2264.106617 FP Fails Odd/Even hitp.//keplertcert.seti.org/DAVE/AIIK2/Output/210754505

210954046 0.95 2263.966371 FP Shows Significant http://keplertcert.seti.org/DAVE/AIIK2/Output/210954046

Secondary



DAVE Compares Community Light Curves

false positive

PDC
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Where do we point JWST?




Best candidates for probing potentially
habitable atmospheres with JWST

® TESS planets

Known planets

TRAPPIST-1f
O TRAPPIST-1b

* O GJ1132b

 TRAPPIST-1d { TRAPPIST-1e TRAPPIST-1¢

O Kepler-138b { Kepler-138d

{ Kepler-138c

*predictions based on Kepler statistics, may be

many more TESS candidates!
J J . J

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

Planetary Radius (R(D)

> TRAPPIST-1g o ®

O
O LHS1140b
@
D

1.4 1.5

Louie et al. 2017




TESS will find LOTS of planets smaller than
Neptune for atmosphere characterization

TESS planets

Known planets

2 TRAPPIST-1f
10 TRAPPIST-1e

TRAPPIST-1d |
TRAPPIST+1b

CoRoT-7b WASP-47d

Y v Y4tz K2-36 e HIP116454b

TRAPPIST-1¢

1 WASP-47¢
10" TRAPPIST-1g

\Kepler-138b LHS1140b
Kepler-138d

(CA | | Transition from super-Earth (rocky) to
. mini-Neptune (gas-rich envelope)

1.5 2 2.5 3 3.9 4

Planetary Radius (Rm) Louie et al. 2017




& Why do we need a new yield estimate

-
o
(o))

l I l I

B Fodl-Frame Tinages ° P‘anet yle‘ds eStlmateS are usefu‘ because
B 2:10° Target Stars - We can plan follow-up observations

We can perform trade studies on our
prioritization algorithms

We can manage expectations

» Sullivan published a wonderful paper with
vield estimates for the TESS mission.

 However, we revised this analysis because
we now know the stars TESS will observe

Farths  Super-Earths  Sub-Neptunes  Giants and the strategy
<1.25Rs  125—2Rs  2—4R: > 4R

Sullivan et al. 2015, Bouma et al. 2017
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10° |
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& Selection of stars

Sector 2

\

Sector 1

Camera 1

Camera 2

Camera 3

 The TESS Input Cata

0Q

the

Candidate Target List provide stellar
oroperties for millions of stars

e \We aimed to mimic realistic star
selection - two observing modes

 We used the CTL prioritization

* At each pointing

* 6000 stars are selected from the CVZ
e 8200 from lower ecliptic latitudes
e 214,000 unique stars at 2-min cadence

e 3.1M In FFI data

35



Number of stars

3,183k

2 363k BN FFls

1

B 2-min

592k

4—-11 12
Sectors observed

36

Selection of stars

The TESS Input Catalog + the
Candidate Target List provide stellar
oroperties for millions of stars

We aimed to mimic realistic star
selection - two observing modes

We used the CTL prioritization

At each pointing

* 6000 stars are selected from the CVZ
e 8200 from lower ecliptic latitudes
214,000 unique stars at 2-min cadence
3.TM In FFI data




Southern Ecliptic

Hemisphere - 2-min
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a Poisson distribution

eccentricities

Dressing et al. 2015
e Hotter stars use Fressin et al.

We picked a fiducial observations start date of

June 28, 2018. This then yields
duration -> # of transits

We then test If a planet transits,

‘Injecting and detecting planets

—ach star gets zero or more planets, drawn from

Planets are drawn with periods, radii, and

* M-dwarfs use periods/radii/multiplicity from

2013

an observatior

and whether the

combined SNR is above the TESS noise level

from Ricker et al./Sullivan et al./

37

Souma et al.



Number of planets

10°

4,553

>

1

318

2 3 4-11 12
Sectors observed

230

INnjecting and detecting planets

B FFls

B D-min —ach star gets zero or more planets, drawn from

a Poisson distribution

eccentricities

Planets are drawn with periods, radii, and

 M-dwarfs use periods/radii/multiplicity from

Dressing et al.

2015

e Hotter stars use Fressin et al. 2013

We picked a fiducial observations start date of

June 28, 2018. T
duration -> # of t

nIs then yields an observatior

ransits

We then test If a planet transits, and whether the
combined SNR is above the TESS noise level
from Ricker et al./Sullivan et al./Bouma et al.

38




Ihe planet radius distribution

s FFI 2392
S
| 1873 1589
B Z2-min 1600 B FFls
o 1400 B 2-min
" - 1246
& o 1200
C -
© ©
f_)' —9_1000
. s
@ 240 . 900 713
2 g
= c 000 504 500
< > 377
=z
220
200
46
BVUR 0 " C -

<125 1.25-20 20-4.0 >4

Planet Radil (R g) >pectral type



Number of planets

1200

=
co O
o O
o O

(@)
o
Q

400
200

& Planets amenable to RV follow-up

3 10 12
TESS magnitude

14

On average, TESS planets orbit stars 3 magnitudes

brighter than Kepler.

We predict that TESS will find 1300 planets smaller
than four Earth-radii around stars brighter than V=12.

* We will triple the number of planets smaller than 4
Earth-radii with measurable masses

10 planets in our simulation orbit stars brighter than 55

Cnc

The closest planets in the simulation orbits Lalande

21185, a star 2.5 pc away

* 47 planets within 50 pc, and 236 within 100 pc,

which doubles and quadru
transiting planets known w

Our simulation contains 71 p

ples the
ithin 50 a

anets In |

number of
nd 100 pc

‘he optimistic

zone, of which 11 are smaller than 2 Earth-radii. All the
habitable zone planets orbit Mdwarfs.

40



Planet Radius (R g )

=

W

N

-
o

100

& - T
&ky Small planets for atmospheric characterization

Planets orbiting stars with " .
T.. <3410 and Ks < 10 Planets orbiting bright, cool

¢ stars
T L ee ] » Teff < 3410 K
g » Stars brighter than
PO R Kmag=10
. -;:,:,,':__;.___’__: . » 76 total planets
e . » About a dozen in the HZ
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Planet insolation (S )
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