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@gs Mission Status Overview

e TESS is on orbit and sky survey is underway!
» 18 April 2018 SpaceX F9 launch and commissioning was fully successful
» Special resonant orbit achieved is spot on
» No significant eclipses by Earth or Moon for next 20 years
» Science instruments fully commissioned
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@és Mission Status Overview

e TESS is on orbit and sky survey is underway!

» 18 April 2018 SpaceX F9 launch and commissioning was fully successful
» Special resonant orbit achieved is spot on

» No significant eclipses by Earth or Moon for next 20 years

» Science instruments fully commissioned

e Camera Focus & Stability is excellent

» Readout noise & crosstalk is very low
» Scattered light mitigation is effective

e Attitude control system is operating well

e Data Compression: ~2-3 times better than planned

e Cosmic ray rejection is fully effective

e Science Survey Sectors 1-7 completed; Sector 8 in Progress
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T

Mission
Comparison

Main goal

Duration
Orbit
Bandpass
Optical area

Field of view

% of pixels
retained

Dwell time per star

Magnitude of
planet hosts

TESS Prime

Measure frequency Find planets around

of Earths

8 years

(4 Kepler + 4 K2)

Heliocentric (373 d)

0.4 -0.8 uym

7100 cmz2

105 deg?

0.003% (1 min)
6% (30 min)

Kepler: 4 years
K2: 3 months

10-16
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bright stars

2 years

High-Earth (13.7 d)

0.6-1.0 ym

114 cma

2304 deg?

8% (2 min)
100% (30 min)

Typically 1-2 months

6-13

TESS and Kepler



Etendue Comparison

0 gross

[deg?]

TESS 0.0114 2304 2304 26.3

Kepler 0.71 105 6.30 4.2
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TESS and Kepler

Etendue Comparison

Qygross Qnet | Etendue

[deg?] | [deg?] |[m? deg?]

TESS 0.0114 2304 2304 26.3

Kepler 0.71 105 6.30 4.2

TESS is the highest etendue optical
space mission yet flown:

~6 times greater than Kepler

Bryson et al. 2010
Ricker et al. 2016
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TESS Orbit Greatly Simplifies Mission Operations

A@ss

Advantages of TESS’s 13.7 Day Lunar Resonant (P/2) Orbit

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood



@gs TESS Orbit Greatly Simplifies Mission Operations

Advantages of TESS’s 13.7 Day Lunar Resonant (P/2) Orbit

Extended Observations: ~300 hrs per orbit

Thermal Stability: <30 mK/day (passive control only)
Earth/Moon Stray Light Level: 10¢ times less than LEO

Low Radiation Levels: Outside of Earth’s Radiation Belts
Excellent Pointing Stability: No Drag, No Gravity Gradient
Station keeping propellant: none required for ~100 years

High Downlink Rates: 100 Mbit/s (185 GB in ~5 hr at Apogee!)

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood
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TESS P/2 Resonant Orbit is Near Perfect!

adss
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= Kozai oscillations will stabilize the orbit exactly as planned

= Stable TESS orbit behavior is anticipated for >25 years
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TESS Photometric Precision

@gs
e Photometric precision of Sector 5 light curves is ¥200 ppm at Tmag = + 10
» Below L3 requirement of 230 ppm

e Bright object limiting noise floor is ~¥20 ppm
» Well below Level 1 requirement of 60 ppm
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TESS Photometric Precision

@/s)s
e Photometric precision of Sector 5 light curves is ¥200 ppm at Tmag = + 10
» Below L3 requirement of 230 ppm
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@gs TESS Photometric Precision

e Photometric precision of Sector 5 light curves is ¥200 ppm at Tmag = + 10

» Below L3 requirement of 230 ppm
e Bright object limiting noise floor is ~¥20 ppm
» Well below Level 1 requirement of 60 ppm
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& pess

Commissioning Completed:
24 July 2018

TESS Science Survey Began:
25 July 2018
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TESS Year 1: Initial Southern Hemisphere Pointings

Sector 3 Sector 2
—24°— Sector 1

Camera l —_—

Camera 1

Camera 2 @

Camera 2
Camera 3 @

Camera 4 —_—

Continuous
Viewing Zone
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Official “First Light” Image
from TESS Sector 1

(1 of ~1200 FFIs from Sector 1)
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Science Sector #1: Ecliptic Coordinates

Galactic Plane

South Ecliptic Pole
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All Year 1 Science Sectors: Ecliptic Coordinates

South Ecliptic Pole
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All Year 1 Science Sectors: Celestial Coordinates

Known Planets:
South Celestial Pole A WASP Survey
HATS Survey

_ A Other Surveys
Figures: Andras Pal
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All Year 1 Science Sectors: Celestial Coordinates

Known Planets:
South Celestial Pole A WASP Survey
HATS Survey

_ A Other Surveys
Figures: Andras Pal
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@gs Sectors 1 and 2: First TESS Data Dissemination

e Initial Full Data Release on December 6th

» 6 weeks earlier than originally planned
» Accompanying documentation included
» Posted here at MAST for public download

e Initial 8% of Sky Survey

» Sectors 1 and 2 (of 26 scheduled over next two years)
» ~30,000 light curves at 2 min cadence

» ~2000 Full frame images at 30 min cadence

e Full sensitivity for the two sectors surveyed

» ~ 3500 square degrees
» ~20,000,000 stars and galaxies brighter than Imag = +18 (S/N > 10)

» Continuous viewing of the Large Magellanic Cloud for 2 months

« Anticipated in full 12 month survey: microlensing events, variable stars, ...
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@gs TESS Objects of Interest (TOI) Evaluation Effort
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@gs TESS Objects of Interest (TOI) Evaluation Effort

TOI Steering Committee:

Natalia Guerrero, Sara Seager, Chelsea
Huang, Avi Shporer, Michael Fausnaugh,
Karen Collens, Sam Quinn, Ana Glidden,

Scott Dynes,George Ricker, Dave Latham,
Roland Vanderspek
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@gs TESS Objects of Interest (TOl) Evaluation Effort

TOI Steering Committee:

Natalia Guerrero, Sara Seager, Chelsea
Huang, Avi Shporer, Michael Fausnaugh,
Karen Collens, Sam Quinn, Ana Glidden,
Scott Dynes,George Ricker, Dave Latham,
Roland Vanderspek

Vetting Team:

Liang Yu, Aylin Garcia-Soto, Lizhou Sha,
Andrew Vanderburg, Joey Rodriguez, Diana
Dragomir, Maximillian Guenther, Tansu
Daylan, lan Wong, Steven Villanueva, lan
Crossfield, Chris Burke, Jenn Burt, Elisabeth
Newton, Zhuchang Zhan, Jason Dittman,
Akshata Krishnamurthy, Nick Merle, David

Berardo, Sherry Guo, Zahra Essack, Sarah
Ballard
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@gs TESS Objects of Interest (TOI) Evaluation Effort

TOI Steering Committee:

Natalia Guerrero, Sara Seager, Chelsea
Huang, Avi Shporer, Michael Fausnaugh,
Karen Collens, Sam Quinn, Ana Glidden,
Scott Dynes,George Ricker, Dave Latham,
Roland Vanderspek

Vetting Team:

Liang Yu, Aylin Garcia-Soto, Lizhou Sha,
Andrew Vanderburg, Joey Rodriguez, Diana
Dragomir, Maximillian Guenther, Tansu
Daylan, lan Wong, Steven Villanueva, lan
Crossfield, Chris Burke, Jenn Burt, Elisabeth
Newton, Zhuchang Zhan, Jason Dittman,
Akshata Krishnamurthy, Nick Merle, David

Berardo, Sherry Guo, Zahra Essack, Sarah
Ballard

Team Goal:

Issue prompt Alerts for Ground Observers
to establish masses for TESS-discovered
small planets ASAP, thus satisfying TESS's
Level 1 Mission Requirements

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood
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385 TOls o

Yield from 5 sectors:
104 TOls with TESS Rp< ARe

189 alerted with QLP parameters
196 alerted with SPOC parameters

TESS small planets (< 4 Rg ) thus far:

Mass measurements underway: 30

Mass measurements complete: 6

QLP = MIT Quick Look Pipeline
SPOC = NASA Ames Kepler-derived Pipeline

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood

22



Publications per year

[
N
o

-
o
o

e
S
o

60

40

20

0

W TESS

2013

2014

m Extrapolation

2015 2016 2017 2018 2019

W Exoplanets M Astrophysics

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood

23



Publications per year

[
N
o

-
o
o

(-
S
o

60

40

20

0

W TESS

2013

2014

m Extrapolation

2015 2016 2017 2018 2019

W Exoplanets M Astrophysics

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood

23










TT Mensae ¢
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Preprint typeset using INTEX style emulateapj v. 01/23/15

TESS DISCOVERY OF A TRANSITING SUPER-EARTH IN THE II MENSAE SYSTEM

CHELSEA X. Huang!?, JENNIFER BURT"?, ANDREW VANDERBURG>*, MAXIMILIAN N. GUNTHER"?, AvI SHPORER!, JASON
A. DITTMANN®®, JosHUA N. WINN', RoB WITTENMYER®, LizHOU SHA®, STEPHEN R. KANE®, GEORGE R. RICKER!,
ROLAND VANDERSPEK', DAVID W. LATHAM!, SARA SEAGER®, JON JENKINS!', DouGLAS A. CALDWELL'? KAREN A.

CoOLLINS'!, NATALIA GUERRERO', JEFFREY C. SMITH'?, SAM QUINN!!, STEPHANE UDRY'?, FRANCESCO PEPE!?, FRANGOIS

BoucHY!'?, DAMIEN SE GRANSAN'?, CHRISTOPHE Lovis!?, DAVID EHRENREICH?, MAXIME MARMIER'?, MICHEL MAYOR!?,

BiLL WOHLER'®, KARI HAWORTH', EDWARD MORGAN', MICHAEL FAUSNAUGH !, DAVID CHARBONNEAU', NORIO
NARITA'* ® AND THE TESS TEAM

Draft version September 18, 2018

ABSTRACT

We report the detection of a transiting planet around m Men (HD 39091), using data from the
Transiting Ezoplanet Survey Satellite (TESS). The solar-type host star is unusually bright (V = 5.7)
and was already known to host a Jovian planet on a highly eccentric, 5.7-year orbit. The newly
discovered planet has a size of 2.14 4+ 0.04 Rg and an orbital period of 6.27 days. Radial-velocity
data from the HARPS and AAT/UCLES archives also displays a 6.27-day periodicity, confirming the
existence of the planet and leading to a mass determination of 4.824+0.85 Mg,. The star’s proximity and
brightness will facilitate further investigations, such as atmospheric spectroscopy, asteroseismology,
the Rossiter-McLaughlin effect, astrometry, and direct imaging.

Subject headings: planetary systems, planets and satellites: detection, stars: individual (HD 39091)
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TESS DISCOVERY OF AN ULTRA-SHORT-PERIOD PLANET AROUND THE NEARBY M DWARF LHS 3844

ROLAND K. VANDERSPEK', CHELSEA X. HUANG"?, ANDREW VANDERBURG®, GEORGE R. RICKER!, DAVID W. LATHAM?,
SARA SEAGERY!, JosHUA N. WINN®, JON M. JENKINS?, JENNIFER BURT!?, JASON DITTMANNY!" ELISABETH NEWTON!,
SAMUEL N. QUINN®, Avi SHPORER!, DAVID CHARBONNEAU®, JONATHAN IRWIN®, KRISTO MENT®, JENNIFER G. WINTERS®,
KAREN A. CoLLINS®, PHIL EvANS’, TIANJUN GAN®, RHODES HART?, Eric L.N. JENSEN'?, JOHN KIELKOPF!', SHUDE MAO®,
WIiLLIAM WAALKES'®, FRANGOIS BoucHY!'?, MAXIME MARMIER'?, LOUISE D. NIELSEN'?, GAEL OTTONI'?, FRANCESCO
PEPE'?, DAMIEN SEGRANSAN 2, STEPHANE UDRY'?, ToDD HENRY?’, LEONARDO A. PAREDES'®, HODARI-SADIKI JAMES®®,
RobriGO H. HINOJOSAlg, MICHELE L. SILVERSTEINfg, ENRIC PALLEQl, ZACHORY BERTA-THOMPSON13, Misty D. DAVIES4,
MICHAEL FAUSNAUGH!, ANA W. GLIDDEN', JosHUA PEPPER', EDWARD H. MORGAN', MARK ROSE'®, JosEPH D.
TWICKEN'®, JESUS NOEL S. VILLASENOR!, AND THE TESS TEAM

Draft version September 20, 2018

ABSTRACT

Data from the newly-commissioned Transiting Ezoplanet Survey Satellite (TESS) has revealed a
“hot Earth” around LHS 3844, an M dwarf located 15 pc away. The planet has a radius of 1.32 £
0.02 Rg and orbits the star every 11 hours. Although the existence of an atmosphere around such
a strongly irradiated planet is questionable, the star is bright enough (I = 11.9, K = 9.1) for this
possibility to be investigated with transit and occultation spectroscopy. The star’s brightness and
the planet’s short period will also facilitate the measurement of the planet’s mass through Doppler
spectroscopy.

Subject headings: planetary systems, planets and satellites: detection, stars: individual (LHS 3844)
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“The discovery of a terrestrial planet around a nearby
M dwart during the first TESS observing sector suggests
that the prospects for future discoveries are bright. It is
worth remembering that 90% of the sky has not yet been
surveyed by either T'ESS or Kepler.”
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T

Just In case you thought
TESS was only about
exoplanets...
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Time Domain Astrophysics with TESS Full Images

. v/ Preliminary
Solar System Objects: TESS Results in

Thousands in 2 years... Early Sectors

+ Occultation Events Variable Stars:

7 Comet§ Millions in 2 years...
el v Asterioseismology
+ Brown Dwarfs
Explosive & Variable v Eclipsing Binaries
Extragalactic Sources: v Flare Stars
Thousands (?) in 2 years... v Cepheids
v Supernovae + T Tauri Stars
+ AGNs + Cluster Gyrochronology
+ Blazars v White Dwarfs
+ Quasars v Neutron Stars
+ Tidal Disruption Events + Emission line stars (Be stars)
e + Gamma-ray Bursts + RR Lyrae Stars
A + Kilonovae (Gravitational + WD Oscillations
Wave Counterparts) « Novae

+ Hypernovae + Young Stellar Objects



TESS also goes deep...

* |n one hour:

— 1% photometry at 16t mag
— <10% photometry at 18t" mag ~300 Million

Stars + Galaxies

* In12 hours:
— Approximately 10% photometry at 19.5 mag

mmmn Star noise e o o SKky noise Read noise Sys. noise s TOta
5
10 ¢
" Transients and Time Domain Astrophysics with FFls
1041 1% Photometry in 1 hour at 16th mag  ————), |
G : :
T _ :
= 3| Small Exoplanet Transi :
= 10t mall Exoplanet Transits . i
s | :
&) L : :f_i
2 . N '.. =
0 : Y
I o
10’ Y e

6 8 10 12 14 16 18
Apparent Magnitude [/ ] Ricker et al. 2016



TESS also goes deep...

* |n one hour:

— 1% photometry at 16t mag
— <10% photometry at 18t" mag ~300 Million

Stars + Galaxies

* In12 hours:
—| Approximately 10% photometry at 19.5 mag

mmmn Star noise e o o SKky noise Read noise Sys. noise s TOta
5
10 ¢
" Transients and Time Domain Astrophysics with FFls
1041 1% Photometry in 1 hour at 16th mag  ————), |
S : :
T _ :
'g 102 | Small Exoplanet Transits . i
o ] .
2 -
o - .
2
1 O E_ — : =
10’ Y

Apparent Magnitude [Ic]

6 8 10 12 14 16

18
Ricker et al. 2016




TESS and Depth

Luminous Supernovae
[
°9
o' O
o

Thermonuclear
Supernovae

_ Core-Collapse
.la Explosions 8.° Supernovae -

¢ «

Calcigm-rich

AN
o

. O
Gap Transients o Intermediate
®_uminosity
Red
® Transients -

Luminous ¢
Red
o® Novae ®

o
® o0 ®e Clagsical Novae
‘ F

>
=]
>
=
(7))
@)
k=
&
-
-
'
()]
)
o

Peak Luminosity [erg 3‘1]

10° 10"
Characteristic Timescale [day]

Plot Credit: Mansi Kasliwal




TESS and Depth

Relativistic Explosions :
Luminous Supernovae

Thermonuclear
Supernovae

_ Core-Collapse
.la Explosions 8.° Supernovae -

¢ &
Calcium-rich
e . ®
2 Gap Transients e ntermediate
®_uminosity
Red
® Transients -

Luminous ¢
Red
Novae ®

AN
o

>
=]
>
=
(7))
@)
k=
&
-
-
'
()]
)
o

Peak Luminosity [erg 3‘1]

o
® o0 ®e Clagsical Novae
* 5 F

10° 10"
Characteristic Timescale [day]

Plot Credit: Mansi Kasliwal




>
=,
>
=
7))
O
k=
£
-
-
'
]
)
o

Luminous Supernovae
©
*9
B
e

Thermonuclear
Supernovae

o Core-Collapse
.la Explosions 8.° Supernovae

e

Calcigm-rich

. O
Gap Transients o Intermediate

®_uminosity
Red
® Transients

R AR R AN RN ]

Luminous ¢
Red
Novae *

®
® o0 ®e Clagsical Novae
Q
o ¢ F

| |

. Shappee 2015

10° 10"
Characteristic Timescale [day]

Plot Credit: Mansi Kasliwal

Peak Luminosity [erg 3‘1]




|
N
(&)

AN
o

>
=
>,
=
®
O
S
£
>
J
X
©
O
o

Luminous Supernovae
(8
o9
E® 9
€

Thermonuclear
Supernovae

o Core-Collapse
.la Explosions 8, ° Supernovae

° w

Calcigm—rich

: e

Gap Transients Intermediate

®_uminosity
Red

= Transients -

R AR R AN RN ]

Luminous ¢
Red
Novae *

® 00 Yo
o ¢

[ Clanical Novae

IIII 1 1 IIlIIII

B. Shappee 2015

10° 10"
Characteristic Timescale [day]

Plot Credit: Mansi Kasliwal / /

Peak Luminosity [erg 3‘1]

Q’g #l"




TESS and Depth

Relativistic .
Luminous Supernovae

t
O“

|
N
(&)

Thermonuclear
Supernovae

® Core=Collapse
.la Explosions 8. ° Supernovae -

s w

Calcigm-rich

N

o2
—t
o

Gap Transients o Intermediate
.uminosity
led

——Transients -

Luminous ¢

Red

Novae ®

>
=,
>,
=
@
O
S
=
>
J
x
@
0}
o

Peak Luminosity [erg 3‘1]

—

o
S
o

° % :
® o0 o0 CIaFSIcaI Novae

v T

10° 10"
Characteristic Timescale [day]

B. Shappee 2015 Plot Credit: Mansi Kasliwal /i-,,,.-r Lo W

-

.



TESS and Depth

Relativistic .
Luminous arnovae

¢
% o

Thermonuc
° Supgrnovas

o] ’ Cora=Collapse
.la Explosions g °® Suparnovae -
e

Calcium-rich
®

—_

o
S
N

Gap Transients ntermediate

.uminosity
led

” - [ransients -
‘ TEREREEN

Andromeda ¢ "
n o’ Novae ®

H ®
n ® ® o0 %o Clafsical Novae

9 -2 ’

>
=,
>,
=
@
O
S
=
>
J
x
@
0}
o

Magellanic Clouds e

107" 10° 10"
Characteristic Timescale [day]

. Shappee 2015 Plot Credit: Mansi Kasliwal




Supernovae Detected by TESS in Early Observations
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Supernovae Detected by TESS in Early Observations

... 35 More SN in process M. Fausnaugh+ 2019




ﬂgs TESS Enables Time-Domain Astronomy in the Coming Decade

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Prime Mission

TESS : % Extended Mission #1  Extended Mission #2 ?? Extended Mission #3 ??
: S. Hemi : N. Hemi :

CHEOPS CHEOPS Baseline Mission

JWST JWST Design Missionecececeeceecss
LIGO O3 04 | cececccccccce
LSST
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TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood



TESS Early Mission Takeaways

e TESS’s unique lunar resonant orbit is
greatly simplifying the mission

» Stable operations in principle could last until
2038 or later

e TESS’s spacecraft stability is exquisite

» 20 milli-arcseconds on 1 hour time scales
e TESS’s camera performance is superb

e TESS’s sky survey sector-by-sector is well
underway

» Sectors #1-7 are complete; #8 in progress

e TESS’s full frame images are enabling a
wide range of astrophysics discoveries

» Also Stellar Astrophysics, Planetary Astronomy,
Extragalactic “Multi-Messenger Astronomy”

TESS’s torrent of exciting new discoveries has commenced...

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood 38






%\STESSEXtended Mission: Best is Yet to Come...

4973
B Extended
B Primary

3508
886
127 I

<125 1.25-2.0 2.0-4.0 > 4.0
Planet Radii (Rg) T. Barclay

103 o NB: Log Scale on Y-axis
e TESS Extended Mission (2020-2022)
» Should double number of planets
* 4,518 in Primary
* 9494 in Extended

» 3x as many Earth-sized planets

Number of planets

102
» Many more planets in HZ
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@s Sky Coverage for Primary & Extended Missions
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