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TESS:
Transiting Exoplanet Survey Satellite

|

he next generation of exoplanet
discovery space telescopes
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The Big Picture

Is there life on a planet outside our Solar system?

l

Is the planet rocky?

Can the planet support liquid water?

Does it have an atmosphere?
Does its atmosphere show signs of life?
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TESS Predecessors

g

Kepler K2
s " <
Al q& ﬁ‘;wmw
' L 1
Courtesy : NASA Courtesy : NASA
FOV: Small area in Cygnus FOV: Ecliptic plane
Targets: Eartsize planets around Targets: Various
Sunlike stars Status: Near enaf-life

Status: Completed
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All Use the Transiting Method
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The TESS Mission

A Targets: neaby, brightstars

A Key science objective:
eMeasure the masses of 50 small (less than 4 Earth
NI RAAOD UONIvYairAdGgAy3da LXIYS
I mass coupled with radius measurements from photometry,
can give us average density

I density will help us identify rocky planets

Aco{{ KIFa 0SSy OlHdIWSRJdmesda F
Webb Spacdelescope)

A Amateur participation will be an important part of the
TESS pipeline
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Other Mission Facts

A Image downloads will occur 2 months after checkout

A TESS will cover 85% of the glan area 350 times that of
Kepler

A TESS will observe into the neafrared
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Courtesy: Michael Richmond

Note: Orbit is stable for a century!
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TESS Orientation

Courtesy: Winn, 2018
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TESS Abky Survey

ECLIPTIC POLE

Each region
gets 27 days
of coverage

Courtesy: Winn, 2018
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Simulated TESS Planet Detections

AT TRy .
g

ecliptic
coordinates

detectable planets around
pre-selected target stars

detectable planets around
Sullivan et al. (2015) other stars in full-frame images
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TESS Operation

A Data downloads occur when TESS is near Earth in its orbit, ir
order to reduce download times

A Two 13.7 day orbits per sector
I so each sector is viewed for at least 27 days

A Ecliptic poles are viewed for 300 days due to overlapping
sectors

A Northern ecliptic imaging to begin m2D19 (a portion of
Southern ecliptic in mi2018)

A Targets:

I Overall stars: 470 million
I Preselected stars: approx. 200,000
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A Typical GrountBased Image
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Pixel Sizes
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Typical TESS Photometperture
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Typical TESS PhotometAperture

Tm

Ng , 2.0"

FTESS =
Aperture
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The Challenge

A Due to size of TESS pixels and photometric apertures, the lig|
from multiple stars may be blended together

A Thus, periodic dips in light can be caused by either a true
exoplanet transit or various types of false positives

A Initial vetting is first done by computer, then by voting of
science team members

A Remaining vetting is done by groubdsed, followup
observations
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Groundbased Observation Objectives

A Determinethe source and cause of tway
more periodicdips; could be due to:
I False alarms (e.g., systematics or noise)
I False positives
I True exoplanet transits

A Obtain more accurate planet radii measurements

A Obtain transit time variation (TTV) measurements
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TTV Example: WASRDb

ExoPlanet WASP-39b - Virgo - 05-16-2017UT
MAH Observatory 16"SCT /6.7 STL11K 33sec - No Filter
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0.64 0.66 0.68 0.70
Barycentric Julian Date (TDB) - 2457889 (mid-exposure)

Courtesy: Rick Bria
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Observed; Computed: WASB9Db

HASP-39 b Exoplanet Tranzit Databaze: O0-C ws EPOCH

M = 533dZ.9658 + 4.055299 % E

D) Rick Bria

180 240 300 350
EPOCH (years 2010 - 2016, 18 records)

Courtesy: ETD
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Photometric Factors Used in Detecting False Positivi

A{KEFELS 06dY2NL U < \ /
of light curve - '

Bucketshaped V-shaped
AA GSNYI 3y O o
V-shapes at different depth A\ \ /
or not evenly spaced
A Depth variations (> 5 mmag
In different passbands N/
Blue Red
A Depths indicating a nen
WA | =(Rp/R)?
23

planetary transiting body
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False Positive Scenarios dbédtection Factors

The target star has V-shape
L curve of a
a nearby eclipsing ‘ <:> NEB nearby star
binary (NEB)* has oddeven
depth changeg

The NEB and target —
OFyQiu 06S allgs o6

E
distinguished* ‘)t:j

Hierarchical triple:
the target star and
NEB are orbiting
each other

* Note: could be chance alignments
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False Positive Scenarios and Detection Factor:
602y iQRYU

Target star is an

g . AV-shaped
eclipsing binary (EB) curve (if spatially
with blending @ | csolvable from
from a neighbor neighbor)
Secondary star in Depth and

planet transit transit

_ Typically
Secondary star in Q aV-shaped
a/ 9. aINIFI < S

an EB is small radius of target
i w may imply a
enough to mimic a norvplanetary

curve

primary star
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Example: Detection of a NEB
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o rel_flux_T1_!

Observation 1

TESS Object
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Observation 2
(11 eclipses later)

+ rel_flux_T2_Conti (Meridian_Flip detrended) (RMS=0.00

-0.06
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1.00

Phase Folded Observations

0.00 0.06
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Overall TESS Pipeline

TESS Objects of Interest (TOIS)

False positivescreening blend& stellar characterization

SeeingLimited Phot.

(SG1)

ID nearby
EBs, measure
photometric

blending

% TOl
3 ¥
ANEB f
LA

5 g
2

—

ReconSpectroscopy High-Reslmaging
(5G2) _ _ (SG3)
Stellar " .| le— Resolveclose '
parameters, BESEEEESERE companions,
ID dended | characterize
spectra multiplicity

Planetary confirmation and characterization

Derive
planetary
orbits and

masses

PreciseRV Work (SG4)

SpaceBasedPhotometry (SG5)

-

Na//m\\*/ Improved light '_
curve, E o

I et A RS ephemeris,

meas. TTVs

Courtesy: Collins, 2018
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Amateur Astronomer Participation

A Help distinguish false positives: TE®8owup
Observing’rogram (TFOP) Seeing Limited Subgroup

A Help refine the ephemerides after planets are
confirmed: observation uploads to ExoFDEPSS

A Products required from observer:
I Sample FOV and a plate solved image
I Comparison stars used
I Light curve
I Measurement and plot configuration files used
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Online Tools

A TESS Transit Findehelps observers find suitable targets for
a given location during a given time period

A TESS Observations Coordinatmotifies other observers of
Intent to observe a particular target at a certain time and in a
certain wavelength

A ExoFOFESS$ submission of observation summaries and
data products
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Training Resources

A AAVSO Exoplanet Observing Cograa online, four week
course:
I exoplanet observing best practices

I use of AstrolmageJ for image calibration, differential
photometry, and exoplanet transit modeling

A520dzySyial dAz2yyY ! t NI OUAOL €
(http://astrodennis.com)
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Best Practices

A Image for at least 30 minutes piegress and postgress

A Use autoguiding to achievainimalimage shift over a4 hour
observationwindow

I Preferably, guide on the science image
A Use a precise timing source
A Use BJRas timebase
A Handle meridian flips efficiently

A Maximize SNR of target without reaching Horearity or
saturation
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Future NASA Exoplanet Missions
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A 2020

A Observations in infrare

A Begin characterization of
exoplanet atmospheres

Courtesy: NASA
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