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TESS Mission Background
• Concept of worlds beyond Earth: back to 2000 years, Epicurus 

(ca. 300 BCE).

• Contemporary search for exoplanets: Mid-19th Century -- A dark 

companion, orbit a binary star system (Jacob, 1855; See, 1896), 

soon discredited (Moulton, 1899).

• The discovery of Exoplanets emerged in past few decades.

• 1989. Latham, et al. HD 114762 b (brown dwarf), by Radial 

Velocity method.

• Many Satellites; 8+ Techniques; 3793 confirmed Exoplanets.(NASA 

Exoplanet Archive Oct 13. 2018)

Sara Seager, et al. Exoplanets, ISBN-13: 978-0816529452

Latham, David W., et al. "The unseen companion of HD114762: a probable brown dwarf." Nature 339.6219(1989):38-40.

Data from: https://exoplanetarchive.ipac.caltech.edu/cgi-bin/TblView/nph-tblView?app=ExoTbls&config=planets



TESS Mission Background

Data from http://exoplanet.eu/



• Challenge for Kepler: many planet candidate host stars may 

simply be too faint (for e.g. JWST) to analyze.

•  Here comes TESS!
• TESS focus on stars that are much brighter than Kepler’s

 radial velocity follow-up observations  planet 

confirmation and mass measurements.

TESS Mission Background

Kepler, 2009.03 JWST, 2020s



TESS Basic Introduction
Transiting Exoplanet Survey Satellite

MIT-led NASA mission

2ys all-sky survey

transiting exoplanets 

Launch date: April 18, 2018

Costs:

Kepler: US$640 million at launch,

TESS: only ~US$200 million (+ US$87 million for launch).



What is the goal?

All-sky, two year photometric Exoplanet discovery.

New Earths and Super-Earths in the Solar Neighborhood.

Around stars bright enough for spectroscopic investigations 

of planetary masses and atmospheres.

Monitoring > 200,000 stars’ brightness

Cataloging > 1,500 transiting exoplanet candidates

TESS Mission Background



How TESS finds exoplanets?
 Transits

TESS Mission Background



TESS Science Objectives
By what instruments?

+ Optical images.

+ 4 identical cameras.

+ Each 24×24 degree FOV.

+ Aligned cover 90×24 degree strips of the sky: ‘sectors.’

+ Each camera: four 2k x 2k CCDs; Pixel scale: 21 arcsec/pixel.

+ Detectors sensitive 600~1000nm (blue to the near-IR).

Redder observing band pass more M dwarfs

+ Aims for 50 ppm photometric precision on stars Mag 9-15



TESS Science Objectives
By what instruments?
 1. Lens Assembly

Ricker et al.: Transiting Exoplanet Survey Satellite



TESS Science Objectives
By what instruments?
 2. Detector Assembly

Ricker et al.: Transiting Exoplanet Survey Satellite



TESS Science Objectives
How TESS scanning the sky?

Few of previous exoplanets orbit stars bright enough to 

enable follow-up studies. 

A prime objective of TESS: to monitor bright stars.

Since the brightest stars are nearly evenly distributed 

over the entire sky.

 this desire led in the direction of an all-sky survey.

Ricker et al.: Transiting Exoplanet Survey Satellite



TESS Science Objectives
How TESS scanning the sky?



TESS observes from unique High Earth Orbit (HEO):

+ Unobstructed view for continuous light curves

+ Two 13.7 day orbits per observation sector

TESS Science Objectives
How TESS scanning the sky?



TESS Science Objectives
Predicted TESS outcome

Simulation of Expected TESS Exoplanet discoveries; Sullivan, et al 2015.



TESS Current Status & News



TESS Current Status & News
Recent News --- LHS 3844b 

Simulations TESS could detects hundreds of planets 

around nearby M dwarfs (Sullivan et al. 2015; etc.). 

On Sep 19, Roland K. et al. reported the first such detection, 

based on data from the first month of the survey.

arXiv:1809.07242 [astro-ph.EP]



TESS Current Status & News
Recent News --- LHS 3844b 

LHS 3844:

M dwarf

Located 15 pc (49 ly) away

Mass/Radius 15%/19% of the Sun’s

LHS 3844b:

1.32 ± 0.02 times larger than the Earth

Orbits/ 11h

Close-orbiting planets are very 

common around M dwarfs, based on 

results from the Kepler survey (Dress-

ing & Charbonneau 2015; Muirhead et 

al. 2015).

arXiv:1809.07242 [astro-ph.EP]



TESS Current Status & News
Recent News --- LHS 3844b 

arXiv:1809.07242 [astro-ph.EP]

Images of the field surrounding LHS 3844

Blue circle:

10σ upper limit 

on the motion of 

the center of light 

during transits

 rules out 
transit signal is 
from other stars.



TESS Current Status & News
Recent News --- LHS 3844b 

arXiv:1809.07242 [astro-ph.EP]

Light Curves of LHS 3844:

The Top two: TESS data, before and 

after high-pass filtering

The Middle one: MEarth Observatory, 

after correcting for systematics, 8 min 

averages

The bottom four: Additional ground-

based transit observations; Together 

conform fading events within 2′′ of 

LHS 3844.

Then They rules out Possible False 

Positives.



TESS Current Status & News
Recent News --- LHS 3844b 

arXiv:1809.07242 [astro-ph.EP]

Light Curves of LHS 3844:

MEarth Observatory: Long-term photometric monitoring of LHS 3844,

1 day avg.



TESS Current Status & News
Recent News --- LHS 3844b 

arXiv:1809.07242 [astro-ph.EP]

LHS 3844 b in the context of other known exoplanets



TESS Current Status & News
Recent News --- LHS 3844b 

arXiv:1809.07242 [astro-ph.EP]

Discussion

• One of the closet known planets (2 perspectives).

• Good for atmospheric characterization through transit and 

occultation (secondary eclipse) spectroscopy.

 ranking 2nd among the 907 planets (< 2 REarth) in the NASA 

Exoplanet Archive by a crude signal-to-noise metric.

• The ultra-short period will also facilitate the measurement of the 

planet’s mass through Doppler spectroscopy.



https://tess.mit.edu/news/

TESS Current Status & News
Other News



TESS Current Status & News
Other News

https://tess.mit.edu/news/



Southern sky

third camera

30-minute imaging 

period

Aug. 7.

Bright objects are 

labeled.

TESS Current Status & News
Other News

https://tess.mit.edu/news/



Data Access
https://archive.stsci.edu/prepds/tess-data-alerts/#dataaccess

https://tess.mit.edu/news/

TESS Current Status & News

https://archive.stsci.edu/prepds/tess-data-alerts/#dataaccess


TFOP Overview

TESS Follow-up Observing Program

+ Measuring masses for 50 transiting planets smaller than 4 Earth radii.

TESS Current Status & News



Small Planet Validation and Mass Measurements Process: 

Achieving a Baseline Science Requirement of measuring the 

masses of fifty planets with radii less than 4 REARTH.

TFOP Overview

TESS Follow-up Observing Program

TESS Current Status & News



• Transiting is one of the most successful exoplanets discovery 

technique.

• TESS: MIT-led NASA mission; 2ys photometric, target for bright 

nearby Solar neighborhoods, redder observing band pass .

• Discovery LHS 3844b around a nearby M dwarf during the first 

TESS observing sector  prospects of future discoveries are 

bright. 90% of the sky has not yet been surveyed by either TESS 

or Kepler.

• TESS follow-up observations will open the door for a host of new 

discoveries about exoplanets, and perhaps of the processes behind 

the formation and evolution of planetary systems.

Summary



• https://arxiv.org/pdf/1406.0151.pdf

• https://arxiv.org/abs/1809.07242

• https://en.wikipedia.org/wiki/Transiting_Exoplan
et_Survey_Satellite

• https://tess.mit.edu/

• https://tess.gsfc.nasa.gov/index.html

• http://web.ipac.caltech.edu/staff/christia/slides/c
hristiansen_k2tessspecialsession_aas2017.pptx

• …
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