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Amateur Astronomer Participation
In the TESS Exoplanet Mission

Dennis M. Conti
Chair, AAVSO Exoplanet Section
Member, TESS Follewyp Observing Program
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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?

Can we directly image the planet?
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" The Night Sky
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The Strange World of Exoplanets

A Most exoplanets we have discovered are
closeAy > I NAS LI IySiay 0 WdzLJA
A Some stars have multiple planet’( €ecd e

A Some planets orbit a star in a
multiple star system
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A Some planetesimals are disintegrating around
their host star
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The Transit Method:
The Dominant Method Used by
Amateur Astronomers
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We can learn a lot from the light curve

Planet Size

e >

Orbit size Inclination
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AstrolmageJ: Alh-One Exoplanet Software
UCEENEHE)

WASP-12b on UT2016-01-06

© Copyright Dennis M. Conti 2018 7



TESS:
Transiting Exoplanet Survey Satellite

|

he next generation of exoplanet
discovery space telescopes
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TESS Predecessors

Kepler K2
\
g £
- a®
T Courtesy:NASA Courtesy - NASA
Targets: In small area in Cygnus, Targets: In ecliptic plane,
Earthsize planets around of various types
Sunlike stars Status: Near enaf-life

Status: Completed
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TESS Mission

A All-sky survey of bright, nedsy (36300 lyrs)stars

A Science objectiveneasure massad 50planets
whose size is legsban 4 Eartlradii

ACKAY]l 2F ¢9{{ la I GaFAYRSNJI
Telescope (JWST)
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Courtesy: Michael Richmond

Orbit is stable for a century!
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TESS Abky Survey

ECLIPTIC POLE

Each region
gets 27 days
of coverage

Courtesy: Winn, 2018
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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 Imaging of Southern Ecliptic Hemisphere HAS BEGUN
Northern ecliptic imaging to begin miD19

A Targets:

I Overall stars: 470 million
I Preselected stars: approx. 200,000
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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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The Challenge with TESS

A The light frommultiple stars may be blended together in
a TESS image

A Thus dips in light can be caused by either a true
exoplanet transit or various types f#lse positives

A Ground-based, followup observations are needed to
make this distinction
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A Typical GrountBased Image
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Pixel Sizes
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Typical TESS Photometric Aperture
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Typical TESS Photometric Aperture

Tm

g , 2.0°

FTESS =
Aperture
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So How Do We Detect False Positives?

A Shapeof the light curve -\/ VS. \ /

Bucketshaped V-shaped

e

N~ 7

Al £ 0GSNY I 6SAST ¢ Guims
V-shapes at different depths
or not evenly spaced

A Depth variations in
using different filters -\—/ “
Blue Red
A Depths indicating.
WA | -(Rp/R)*

non-planetarytransiting 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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Amateur Astronomer
Participation in TESS

The TESS Pipeline

Ground Based Follow-Up
v

High-Resolution Imaging

_ Deep High SNR
a Imageof Transit :
~ TargetField  Observation |8
v

Reconnaissance Spectroscopy

[

Improve Stellar Parameters (T, log g, [m/H])
A 4

Precise Doppler Spectroscopy

Planet Mass
Measurement

Doppler Shift




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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Participation in the TESS Mission

A Qualified amateur astronomers can participate in the
TESS exoplanet confirmation pipeline

A Their role:
I Help identify false positives
I Help refine the ephemerides of candidate exoplanets

A The AAVSO has a program to facilitate participation in
TESS for its members
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Training Resources

A AAVSO Exoplanet Observing Cograa online, four
week course:

| exoplanet observing best practices

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

I next course will be in FeR019;
go toaavso.organd select CHOICE Courses tab

Aa! t N OGAOFIE DdIzARS (2 9E2
(go toastrodennis.com
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Future NASA Exoplanet Missions
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A 2021+

A Observations in infrare

A Begin characterization of
exoplanet atmospheres

Courtesy: NASA
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