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e Background: Why TESS?

e TESS is on orbit and sky survey is underway!
» 18 April SpaceX F9 launch and commissioning was fully successful
» Special resonant orbit achieved is spot on
» No significant solar eclipses for next 20 years
» Science instruments fully commissioned
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e Background: Why TESS?

e TESS is on orbit and sky survey is underway!

» 18 April SpaceX F9 launch and commissioning was fully successful

» Special resonant orbit achieved is spot on
» No significant solar eclipses 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 Sector 1-3 completed; Sector 4 in Progress
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@gs The TESS Science Mission in One Slide

e TESS will monitor the brightness of 200,000 stars for ~27 days
to search for transiting exoplanets

» Targets: Earths, super-Earths, and sub-Neptunes

» Cadence: 2 minutes

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood 3



@gs The TESS Science Mission in One Slide

e TESS will provide images of every object in every observed
field at a 30 minute cadence

» Anticipated result: Photometric data for ~200 million stars and ~30
million galaxies
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TESS will monitor the brightness of 200,000 stars for ~27 days
to search for transiting exoplanets

Targets: Earths, super-Earths, and sub-Neptunes

Cadence: 2 minutes

TESS will provide images of every object in every observed
field at a 30 minute cadence

Anticipated result: Photometric data for ~200 million stars and ~30
million galaxies

e Ground analyses of TESS data will reveal transiting planets by
looking for regular dips in the brightness of each star
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The TESS Science Mission in One Slide

s
TESS will monitor the brightness of 200,000 stars for ~27 days
to search for transiting exoplanets

Targets: Earths, super-Earths, and sub-Neptunes

Cadence: 2 minutes

TESS will provide images of every object in every observed
field at a 30 minute cadence

Anticipated result: Photometric data for ~200 million stars and ~30
million galaxies

Ground analyses of TESS data will reveal transiting planets by
looking for regular dips in the brightness of each star

e Ground follow-up observations will:

» Confirm the presence of a transiting planet

» Determine the mass of the planet
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@;s Etendue Comparison of TESS and Kepler

e Definition of Etendue [m2«deg?]:
E= Aoptics * (net

where Qnet — Qgross *

# pixels telemetered
# pixels in focal plane )
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e Definition of Etendue [m2+deg?]:
E= Aoptics * Onet

where Qnet — Qgross *

# pixels telemetered
# pixels in focal plane )

# pixels telemetered

# pixels in focal plane

TESS 0.0095 2304 1 21.9

Kepler 0.71 105 0.06 4.2

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood 8



Etendue Comparison of TESS and Kepler

&pss
e Definition of Etendue [m2+deg?]:
E= Aoptics * Onet

where Qnet — Qgross *

# pixels telemetered )

# pixels in focal plane

# pixels telemetered

# pixels in focal plane

TESS 0.0095 2304 1 21.9

Kepler 0.71 105 0.06 4.2

TESS is the highest etendue optical space mission yet flown:
~5 times greater than Kepler

Bryson et al. 2010
Ricker et al. 2016

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood 8



s TESS Observatory Undergoing Pre-Launch Testing
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“Special” High Orbit Enables and Simplifies TESS

Ass

Advantages of TESS’s 13.7 Day Lunar Resonant (P/2) Orbit
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@gs “Special” High Orbit Enables and Simplifies TESS

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

Extended & Unbroken Observations: >300 hrs per orbit
Thermal Stability: <40 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

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

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

Extended & Unbroken Observations: >300 hrs per orbit
Thermal Stability: <40 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

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

= 1/R2 advantage: ~ 23 dB improvement over an L2 orbit

“Special” High Orbit Enables and Simplifies TESS

Gangestad et al. 2013 (astro-ph 1306.5333)
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@23 Excellent Pointing Stability with Revised ACS Algorithm

A) Original Spacecraft ACS Algorithm (v 5.8)
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ags Excellent Pointing Stability with Revised ACS Algorithm

A) Original Spacecraft ACS Algorithm (v 5.8) B) Revised Spacecraft ACS Algorithm (v 5.9)
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TESS P/2 Resonant Orbit is Near Perfect!

adss

Nominal LRP Angle = 37.33 deg
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= Kozai oscillations will stabilize the orbit exactly as planned
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TESS P/2 Resonant Orbit is Near Perfect!

Nominal LRP Angle = 37.33 deg
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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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Bottom Line: TESS Orbit is Excellent!

Earth-Moon Rotating View
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Earth-Moon Rotating View
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Bottom Line: TESS Orbit is Excellent!

= 0.1 m/s precision was
achieved in orbit adjust
burns

= 30 kg propellant left
= Future propellant needs

" No fuel needed for
further orbit adjusts

= Remaining fuel is
sufficient for >20 yrs of
spacecraft angular
momentum management
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Bottom Line: TESS Orbit is Excellent!

Apss

Earth-Moon Rotating View
90

= 0.1 m/s precision was
0 ~ " achieved in orbit adjust
burns

o = 30 kg propellant left

150

= Future propellant needs

= No fuel needed for
0 further orbit adjusts

180

= Remaining fuel is
sufficient for >20 yrs of
spacecraft angular
momentum management

210 330

= Thus, stable operations
anticipated until ~2038 !

240 300

270
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TESS Photometric Precision

S

e Photometric precision of Sector 1 light curves is ~200 ppm at I1=10
» Below L3 requirement of 230 ppm

e Noise floor is ~¥30 ppm
» Well below Level 1 requirement of 60 ppm
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e Photometric precision of Sector 1 light curves is ~200 ppm at I1=10
» Below L3 requirement of 230 ppm
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TESS Photometric Precision
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e Photometric precision of Sector 1 light curves is ~200 ppm at I1=10
» Below L3 requirement of 230 ppm

e Noise floor is ~30 ppm
» Well below Level 1 requirement of 60 ppm
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TESS Photometric Precision
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e Photometric precision of Sector 1 light curves is ~200 ppm at I1=10
» Below L3 requirement of 230 ppm

e Noise floor is ~30 ppm
» Well below Level 1 requirement of 60 ppm
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Image PSF Varies Over FOV as Modeled
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Image PSF Varies Over FOV as Modeled

Satisfies Brightest
Pixel Flux Fraction
(BPFF)
requirement of
22% - 35 %
over FOV
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ms Commiissioning: Sub-mmag Variability Evident in >104 Stars

Relative Brightness
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MIT Quick Look Pipeline:
Xu Huang & Andrew Vanderburg
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& pess

Commissioning Completed:
24 July 2018

TESS Science Survey Began:
25 July 2018

TESS — Discovering New Earths and Super-Earths in the Solar Neighborhood
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Orientations of the
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ms TESS Camera Configuration for Science Sector #1

Ecliptic Plane
¢ Sector 1 commenced:

= 25 July 2018 at 23h UTC

Camera 1 ® ¢ Sector 1 completed:
= 23 August 2018 at 14h UTC

— 24°—

Camera FOV Center

Camera 2 R —

TESS Camera (Ecliptic Coordinates)
96° Number
Camera 3 — 1 315.8 -18.0
2 315.8 -42.0
3 315.8 -66.0

Camera 4 @
4 315.8 -90.0
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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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&Pss Al Year 1 Science Sectors: Ecliptic Coordinates

Known Planets:
South Ecliptic Pole A WASP Survey
HATS Survey

A Other Surveys
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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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Schedule of Observations

The table below contains details of sector observations. Note that all future sector pointings are preliminary and may change.

Sector Start End Orbit IDs

v 1 182018 Aug222018 9,10
V' 2 Ajg232018  Sep202018 11,12

v 3 Sep212018  Oct 172018 13,14

4 Oct192018  Nov152018 15,16
L} Underway Now

Camera 1 (RA, Dec)

324.6,-33.2

352.1,-23.1

17.2,-12.2

41.8,-2.8

Camera 2 (RA, Dec)

338.6, -55.1

57,-443

285,-339

49.9,-255

Camera 3 (RA, Dec)

19.5,-72.0

33.4: '62.2

474,-539

61.9, 47.5

Camera 4 (RA, Dec)

90.0, -66.6

90.0, -66.6

90.0, -66.6

90.0, -66.6
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Four Camera “First Light”
30 min FFl In Sector 1
(1 of ~1200 Images)
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Bgs Scattered Light in TESS Images

e Scattered light from the bright Earth and Moon was always

anticipated for certain viewing conditions

» Original proposal predicted Camera 1 and sometimes Camera 2 would be
affected for periods of days during certain observation sectors
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@gs Scattered Light in TESS Images

e TESS lens hoods were designed to minimize the durations of

these periods

» Design goal was to reduce scattered light from Earth by 107 at angles >35°-37°
from camera boresights
» Moderate-resolution modeling of actual lens hood performance predicted
scattered light “patches” with 3-5x lower suppression
» Measurements of actual lens hood performance conducted on orbit
* Approx 5%-10% of sky solid angle in Sectors 1 and 2 exhibit variable scattered
light levels 2-6x higher than expected for sum of zodiacal light + CCD readout
noise
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Scattered Light in TESS Images

e Lab measurements of flight spare lens hood in progress at MIT

» Will provide additional quantitative guidance as to when/where in camera FOVs
observers can expect scattered light to be present in TESS images
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@Zs TESS Alerts Enable Rapid Followup for Planet Candidates

Small Planet Search Strategy for TESS

Detections: 5000 Transit-like
(2 yr mission) Signals

2000 Survive Direct
Imaging

500 Survive
Reconnaissance
Spectroscopy

Validation

Selected for
100 Precise Doppler
Spectroscopy

Final Ratio Assumed ~gq = oyl Req’t: 50 Small
TOIs: Masses = 10:1 Planet Masses in <3 Yrs
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ags TESS Alerts Enable Rapid Followup for Planet Candidates

Small Planet Search Strategy for TESS

Detections: 5000 Transit-like
(2 yr mission) Signals

2000 Survive Direct
Imaging

500 Survive
Reconnaissance
Spectroscopy

Validation

Selected for
100 Precise Doppler
Spectroscopy

Final Ratio Assumed ~gq = oyl Req’t: 50 Small
TOIs: Masses = 10:1 Planet Masses in <3 Yrs

e Prompt ground-based follow-up
program req’d to establish TESS
objects as small (<4 Re) exoplanets

= Imaging (Direct & AO)
= Recon Spectroscopy
= PRV Spectroscopy
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T

Small Planet Search Strategy for TESS

Detections: 5000 Transit-like
(2 yr mission) Signals

2000 Survive Direct
Imaging

500 Survive
Reconnaissance
Spectroscopy

Validation

Selected for
100 Precise Doppler
Spectroscopy

Final Ratio Assumed ~gq = oyl Req’t: 50 Small
TOIs: Masses = 10:1 Planet Masses in <3 Yrs

¢ Prompt ground-based follow-up

program req’d to establish TESS

objects as small (<4 Re) exoplanets

= Imaging (Direct & AO)
= Recon Spectroscopy
= PRV Spectroscopy

TESS Alerts Enable Rapid Followup for Planet Candidates

e Alerts with TESS planet candidates

from Sector 1:
» 73 Alerts posted on 5 September at

tess.mit.edu/alerts

» TESS Followup program then commenced

» Subsequent TESS alerts are being issued
sector-by-sector as soon as possible

» Four publications on astro-ph already

» Will include time-sensitive astrophysical
events
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@gs TESS Alerts Enable Rapid Followup for Planet Candidates

Small Planet Search Strategy for TESS

e Alerts with TESS planet candidates

Detections: 5000 Transit-like from Sector 1:
(2 yr mission) Signals » 73 Alerts posted on 5 September at
tess.mit.edu/alerts
2000 Survive Direct » TESS Followup program then commenced
Imaging » Subsequent TESS alerts are being issued

sector-by-sector as soon as possible

500 Survive . .
S » Four publications on astro-ph already
Spectroscopy » Will include time-sensitive astrophysical
Validation Selected for events
100  Precise Doppler e |nitial Sector 2 Alerts on 11 October
Spectroscopy

Final Ratio Assumed ~gq = oyl Req’t: 50 Small
TOIs: Masses = 10:1 Planet Masses in <3 Yrs

e Prompt ground-based follow-up
program req’d to establish TESS
objects as small (<4 Re) exoplanets

= Imaging (Direct & AO)
= Recon Spectroscopy
= PRV Spectroscopy
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@gs TESS Alerts Enable Rapid Followup for Planet Candidates

Small Planet Search Strategy for TESS

e Alerts with TESS planet candidates

Detections: 5000 Transit-like from Sector 1:
(2 yr mission) Signals » 73 Alerts posted on 5 September at
tess.mit.edu/alerts
2000 Survive Direct » TESS Followup program then commenced
Imaging » Subsequent TESS alerts are being issued

sector-by-sector as soon as possible

Rescg?‘:::s":::ce » Four publications on astro-ph already
Spectroscopy » Will include time-sensitive astrophysical
Validation Selected for events
100  Precise Doppler e |nitial Sector 2 Alerts on 11 October
Spectroscopy " 7 i
e “Beta Test” only for first 2-3 Sectors:

Final Ratio Assumed
50 Level1Req’t: 50 Small 4 .
TOls: Masses = 10:1 Planet Masses in <3 Yrs » Available to all astronomers who will

contribute “at risk” to followup effort
» Public release of TESS Alerts thereafter

e Prompt ground-based follow-up
program req’d to establish TESS
objects as small (<4 Re) exoplanets

= Imaging (Direct & AO)
= Recon Spectroscopy
= PRV Spectroscopy
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Small Planet Search Strategy for TESS

Detections:
(2 yr mission)

5000 Transit-like
Signals

2000 Survive Direct
Imaging

500 Survive
Reconnaissance
Spectroscopy

Validation

Selected for
100 Precise Doppler
Spectroscopy

Final Ratio Assumed 50
TOIs: Masses = 10:1

Level 1 Req’t: 50 Small
Planet Masses in <3 Yrs

e Prompt ground-based follow-up
program req’d to establish TESS

TESS Alerts Enable Rapid Followup for Planet Candidates

e Alerts with TESS planet candidates

from Sector 1:
» 73 Alerts posted on 5 September at

tess.mit.edu/alerts

» TESS Followup program then commenced

» Subsequent TESS alerts are being issued
sector-by-sector as soon as possible

» Four publications on astro-ph already

» Will include time-sensitive astrophysical
events

e |nitial Sector 2 Alerts on 11 October

e “Beta Test” only for first 2-3 Sectors:
» Available to all astronomers who will

contribute “at risk” to followup effort
» Public release of TESS Alerts thereafter

objects as small (<4 Re) exoplanets ® TESS Deliveries to MAST:

= Imaging (Direct & AO)
= Recon Spectroscopy
= PRV Spectroscopy

» Now: SPOC postage stamps for Alerts as
they occur
» Soon: Preliminary FFls by Late November
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Initial Processing of TESS Transit-like Signals

SPOC (Ames) is the pipeline of
record for the TESS Primary Mission.

\\_‘/(Z\K | QLP is MIT-internal, primarily
@Qz intended to supplement SPOC for

the first four sectors and for FFls.

(2-min cadence) .
(FFls ) POC < (TCEs, light curves, SPOC (Ames)
% | calibrated images)

(Data Validation [DV] products)

(SPOC DV reports)

(QLP reports)
| TOl lists to MAST:

v

- planet candidates (with pixel data)
TOI - eclipsing binaries

(TEV) - stellar variability

- other astrophysical findings
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Show 25

tic_id
261136679
394137592
403224672
263003176
391949880
290131778
129637892
266980320
234994474
267263253
278683844
62483237
144065872
277683130
92352620
149603524
235037761
25375553
350743714
140068425
201248411
231670387
219338557
207081058

389525208

Showing 1 to 25 of 73 entries

00144.01

00120.01

00141.01

00130.01

00128.01

00123.01

00155.01

00118.01

00134.01

00135.01

00119.01

00139.01

00105.01

00138.01

00107.01

00102.01

00131.01

00143.01

00165.01

00140.01

00129.01

00104.01

00133.01

00121.01

00154.01

3333333333388 83883833838383833332333

84.29120

4.44641

338.98461

12.54118

79.52248

319.69940

321.11497

349.55684

350.03130

7.32894

99.23798

336.40231

337.45720

328.92619

313.78311

87.13996

353.82677

328.76765

88.88593

330.30157

0.18710

319.94961

354.39574

331.86723

313.26148

-80.46814

-66.35898

-59.86449

-83.74396

-80.96466

-26.61608

-37.85014

-56.90388

-60.06520

-76.30408

-58.01524

-34.90862

-48.00309

-61.67329

-34.13557

-63.98843

-64.56177

-22.61257

-57.29059

-49.06003

-54.83051

-58.14888

-58.95464

-41.81546

-38.59487

Tmag 1=
5.10
7.14
7.36
7.43
7.90
8.80
9.00
9.15
9.17
9.21
9.23
9.30
9.48
9.53
9.64
9.72
9.74
9.77
9.79
9.81
9.82
9.85
9.88
9.93

10.0

Rp

1.86
12.2
1.97
2.36
2.77
7.72
18.4
4.93
1.58
15.9
2.10
2.69
12.5
8.29
18.8
15.4
12.7
17.6
18.8
5.07
9.54
12.7
2.16
14.8

41.3

Period

6.27

1.01

14.3

4.24

3.31

5.44

6.04

4.13

5.54

1.1

2.18

6.20

3.85

4.41

6.24

2.31

7.76

2.28

0.981

4.09

8.20

14.8

6.75

Duration

3.09

8.56

1.53

4.65

2.20

5.63

5.97

2.12

1.26

4.49

2.79

2.87

2.18

4.56

3.77

1.57

3.42

3.22

0.860

0.761

5.59

2.31

5.45

2.34
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Show 25 ~| entries Search:
tic_id toi_id dsp RA Rp Period Duration Transit Depth src
Me N —) | 261136679  00144.01 PC 84.29120 1.86 6.27 ( 3.09 Nr 249 ppm spoc | E & ~r
394137592 00120.01 PC 4.44641 -66.35898  7.14 12.2 11.5 8.56 2.39e+3 spoc L= r=3 r
403224672  00141.01 PC 338.98461  -59.86449  7.36 1.97 1.01 1.53 220 spoc = r=3 ~r
263003176  00130.01 PC 12.54118 -83.74396  7.43 2.36 14.3 4.65 411 spoc = & ~
391949880 00128.01 PC 79.52248 -80.96466  7.90 2.77 4.94 2.20 399 spoc L= & e
290131778  00123.01 PC 319.69940 -26.61608 8.80 7.72 3.31 5.63 3.18e+3 spoc L= & r
129637892 00155.01 PC 321.11497  -37.85014  9.00 18.4 5.44 5.97 8.23e+3 qlp L= & r
266980320 00118.01 PC 349.55684  -56.90388  9.15 4.93 6.04 2.12 1.70e+3 spoc L= r=/ ~
234994474  00134.01 PC 350.03130  -60.06520 9.17 1.58 1.40 1.26 566 spoc Ls* r=3 ~r
267263253 00135.01 PC 7.32894 -76.30408  9.21 15.9 4.13 4.49 1.01e+4 spoc = r=3 ~
278683844 00119.01 PC 99.23798 -58.01524  9.23 2.10 5.54 2.79 631 spoc L= r=/ e
62483237 00139.01 PC 336.40231  -34.90962  9.30 2.69 11.1 2.14 1.37e+3 spoc L= & e
144065872 00105.01 PC 337.45720  -48.00309 9.48 12.5 2.18 2.87 1.18e+4 spoc L= & e
277683130 00138.01 PC 328.92619  -61.67329  9.53 8.29 6.20 2.18 3.72e+3 spoc L= & r
92352620 00107.01 PC 313.78311  -34.13557 9.64 18.8 3.95 4.56 1.30e+4 spoc Ls# & ~r
149603524  00102.01 PC 87.13996 -63.98843  9.72 15.4 4.41 3.77 1.41e+4 spoc = r=3 ~
235037761  00131.01 PC 353.82677  -64.56177 9.74 12.7 6.24 1.57 9.11e+3 spoc L= & e
25375553 00143.01 PC 328.76765  -22.61257  9.77 17.6 2.31 3.42 6.94e+3 spoc L= & e
350743714  00165.01 PC 88.88593 -57.29059  9.79 18.8 7.76 3.22 8.29e+3 alp = & r
140068425  00140.01 PC 330.30157  -49.06003  9.81 5.07 2.28 0.860 1.08e+3 spoc = & ~
201248411  00129.01 PC 0.18710 -54.83051  9.82 9.54 0.981 0.761 7.05e+3 spoc L= r=/ ~r
231670397 00104.01 PC 319.94961  -58.14888  9.85 12.7 4.09 5.59 3.59e+3 spoc = r=3 ~
219338557 00133.01 PC 354.39574  -58.95464 9.88 2.16 8.20 2.31 946 spoc L= r=/ o
207081058 00121.01 PC 331.86723  -41.81546 9.93 14.8 14.8 5.45 1.41e+4 spoc L= r=) e
389525208 00154.01 PC 313.26148  -38.59487  10.0 41.3 6.75 2.34 1.95e+4 qlp = & r
Showing 1 to 25 of 73 entries Previous - 2 3 Next
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Giant Planet Orbiting Pi Mensae (aka HD 39091)

Pi Mensae b

Initial Discovery:

2001(RV)
HD 39091 b P=5.6 yrs
*HD 39091 Ecc= 0.6
Mp=10.3 Myyp

= 3300 MEarth

Rstar = 1.15 Rsun
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@S TESS Finds a Small Planet Candidate in the Pi Mensae System

TESS Alerts Webpage, TOI 144.1 DV Report, posted 5 September 2018

MES: 9.8 Transits: 5
SNR: 113  Depth: 248.7 [21.9] ppm

o]
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QLP Discovery Light Curve SPOC Light Curve
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ags TESS Finds a Small Planet Candidate in the Pi Mensae System
TESS Alerts Webpage, TOI 144.1 DV Report, posted 5 September 2018

MES: 9.8 Transits: 5

SNR:11.3  Depth: 248.7 [21.9] ppm
— 1 P

o]

1326 1328 1330 1332
Phase BJD-2457000
20.051 -0.026  0.000 0.025 0.050

1
2
S

Whitened Flux Value |

Phase [Hours]

QLP Discovery Light Curve SPOC Light Curve

QLP and SPOC found same initial transit depth (250ppm), same SNR for Pi Mensae Planet
Candidate

=> 2.1 Rearth for the 2nd Planet Candidate
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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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panel shows the phase-folded light curve, along with the best-fitting model. The black dots represent 5-minute averages.
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[HS 3844b
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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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Just In case you thought
TESS was only about
exoplanets...
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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
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— 1% photometry at 16t mag
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TESS and Depth
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TESS and Depth
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TESS and Depth
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All Sky Automated Survey for SuperNovae

(ASAS-SN, ) ATels
» - 35" -
SPERE
L [ ]
. . - -
O : @ 1
. -
Archival DSS Image /-\SASSN-lSug 2018-09—06 Confirmation

e Six Alels issued in/during sky regions overlapping first 3 TESS Sectors
*|8qk, I18rn, |8sk, 18tb, 18ug, |8xf

* All six were much brighter at discovery than TESS’s Limiting Magnitude...



TESS Schedule for an Extended Mission

Apss

southern survey |

Prime mission

Jul 25

Jul 25

(follow-up)
Jul 25

Extended mission

Jul2s (will also consider plans for FY23-FY24)
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ﬂgs TESS Enables Time-Domain Astronomy in the Coming Decade

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

TESS Extended Mission #1  Extended Mission #2 ?? Extended Mission #3 ??

CHEOPS CHEOPS Baseline Mission
JWST JWST Design Missionseessescccccos
LIGO 03 04 | eecccccccccse
LSST Ten Year LSST Survey sesesecccccccses

PLATO I PLATO......
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TESS Early Mission Takeaways

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

» Stable operations in principle could last until
~2038

e TESS’s camera performance is excellent

e TESS’s onboard data compression is
~2-3 times better than expected

» <10 min FFI’s in Extended Mission

e TESS’s Science Survey by Sky Sector is
underway

» Sectors #1-3 are complete; #4 in progress

e TESS’s discovery space encompasses
more than exoplanets

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

Exciting science from TESS has now begun...
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@gs Schedule for Initial MAST Data Release

e Target date for MAST release of TESS Sectors 1&2 is late November
» Two months earlier than date in TESS Science Data Management Plan
» MAST needs until 13 November, given their staff and commitments

e Preparatory steps complete by early November
» Staging & testing of S1 and S2 data at MAST

» Completion of engineering data format definitions
» Incorporation of preliminary lab testing data of spare lens hood

» Completion of Instrument Handbook (1st Revision)
» SciDAT of Sectors 1 and 2 (ScatLight, WCS, Hot Columns, Sensitivity, CR effects...)

e Data product and website test and review (~2 weeks)
» Products at MAST

» Instrument Handbook
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Planet Alert with information useful for
candidate
follow-up

Table of parameters

- TICID *  Sector # ta rg et DV

* TOIID *  Group vetting

. Planet name comments summa ry (PD F)

*  #planet * Impact

. RA parameter

. Dec . log g W (#etl’ended ta rg et

«  Tmag *  Stellar radius ||ght curve (FITS)

. Epoch . Planet radius

*  Period * Teq . .

« Transit © o Te target pixel file
duration * InSOIp TPF

« Transitdepth * SNRp ( )




