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The Big Picture
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Is there life on a planet outside our Solar system?

Is the planet rocky?

Can the planet support liquid water?

Does its atmosphere show signs of life?

Does it have an atmosphere?

Can we directly image the planet?



3

Their orbital orientations vary
from our line of sight

The Night Sky

Most stars host one or more planets



The Strange World of Exoplanets

Å {ƻƳŜ ǇƭŀƴŜǘǎΩ ƻǊōƛǘǎ ŀǊŜ ƻǇǇƻǎƛǘŜ ŦǊƻƳ ǘƘŜƛǊ ǎǘŀǊΩǎ Ǌƻǘŀǘƛƻƴ

Å Some planetesimals are disintegrating around
their host star

Å{ƻƳŜ άǇƭŀƴŜǘǎέ ŀǊŜ ŦǊŜŜ-floating

Å Most exoplanets we have discovered are
close-ƛƴΣ ƭŀǊƎŜ ǇƭŀƴŜǘǎΥ άIƻǘ WǳǇƛǘŜǊǎέ

ÅSome planets orbit a star in a
multiple star system
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Å Some stars have multiple planets
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The Transit Method:
The Dominant Method Used by

Amateur Astronomers 
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Depth

Duration

We can learn a lot from the light curve!
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Shape

Planet Size

Orbit size Inclination



AstroImageJ: All-in-One Exoplanet Software 
(freeware)
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TESS:
Transiting Exoplanet Survey Satellite

The next generation of exoplanet
discovery space telescopes
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TESS Predecessors
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Kepler

Targets:  In small area in Cygnus,
Earth-size planets around
Sun-like stars

Status: Completed

Courtesy : NASA

K2

Targets: In ecliptic plane,
of various types

Status: Near end-of-life

Courtesy : NASA



TESS Mission

ÅAll-sky survey of bright, near-by (30-300 lyrs)stars

ÅScience objective: measure masses of 50 planets
whose size is less than 4 Earth radii
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TESS

JWST

Å¢Ƙƛƴƪ ƻŦ ¢9{{ ŀǎ ŀ άŦƛƴŘŜǊ ǎŎƻǇŜέ ŦƻǊ ǘƘŜ WŀƳŜǎ ²Ŝōō {ǇŀŎŜ 
Telescope (JWST)
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¢9{{Ω ¦ƴƛǉǳŜ hǊōƛǘ

Orbit is stable for a century!

Courtesy: Michael Richmond



TESS All-Sky Survey
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Courtesy: Winn, 2018

Each region
gets 27 days
of coverage



TESS Operation

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

ÅTwo 13.7 day orbits per sector
ïso each sector is viewed for at least 27 days

ÅEcliptic  poles are viewed for 300 days due to overlapping 
sectors

Å Imaging of Southern Ecliptic Hemisphere HAS BEGUN -
Northern ecliptic imaging to begin mid-2019

ÅTargets:
ïOverall stars: 470 million
ïPre-selected stars: approx. 200,000
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Simulated TESS Planet Detections
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The Challenge with TESS

ÅThe light frommultiple stars may be blended together in 
a TESS image

ÅThus dips in light can be caused by either a true 
exoplanet transit or various types of false positives

ÅGround-based, follow-up observations are needed to 
make this distinction
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A Typical Ground-Based Image

© Copyright Dennis M. Conti 2018 16



Pixel Sizes
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Ground-based pixel TESS pixel
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Pixel Sizes
TESS pixel
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TESS
Aperture

Typical TESS Photometric Aperture
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TESS
Aperture

Typical TESS Photometric Aperture



So How Do We Detect False Positives?

Å Shapeof the light curve
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Bucket-shaped V-shaped

vs.

Å!ƭǘŜǊƴŀǘƛƴƎ όάƻŘŘ-ŜǾŜƴέύ
V-shapes at different depths
or not evenly spaced

Blue Red

Å Depth variations in
using different filters

=(Rp/R*)
2

ÅDepths indicating a
non-planetary transiting body
(> 2.5 Jupiter radii)



False Positive Scenarios andDetection Factors
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The target star has 
a near-by eclipsing
binary  (NEB)*

The NEB and target 
ŎŀƴΩǘ ōŜ ǎǇŀǘƛŀƭƭȅ 
distinguished*

NEB

NEB

V-shape
curve of a

near-by star
has odd-even
depth changes

Depth varies
in different
bandpasses

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

NEB

* Note: could be chance alignments



False Positive Scenarios and Detection Factors 
όŎƻƴǘΩŘύ
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Target star is an 
eclipsing binary (EB) 
with blending
from a neighbor

Secondary star in
aƴ 9. άƎǊŀȊŜǎέ ǘƘŜ
primary star

Secondary star in 
an EB is small 
enough to mimic a 
planet transit

EB

EB

EB
Typically

a V-shaped
curve

Depth and
radius of target

may imply a
non-planetary

transit

AV-shaped
curve (if spatially
resolvable from

neighbor)



Example: Detection of a NEB
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Observation 1
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Observation 2 
(11 eclipses later)
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Phase Folded Observations
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Amateur Astronomer
Participation in TESS
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The TESS Pipeline



Best Practices

Å Image for at least 30 minutes pre-ingress and post-egress 

ÅUse autoguiding to achieveminimal image shift over a 4-6 hour 
observation window

ïPreferably, guide on the science image

ÅUse a precise timing source

ÅUse BJDTDBas timebase

ÅHandle meridian flips efficiently

ÅMaximize SNR of target without reaching non-linearity or 
saturation
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Participation in the TESS Mission

ÅQualified amateur astronomers can participate in the 
TESS exoplanet confirmation pipeline

ÅTheir role:
ïHelp identify false positives

ïHelp refine the ephemerides of candidate exoplanets

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

ÅAAVSO Exoplanet Observing Course ςan online, four 
week course:
ïexoplanet observing best practices

ïuse of AstroImageJ for image calibration, differential 
photometry, and exoplanet transit modeling

ïnext course will be in Feb. 2019;
go to aavso.organd select CHOICE Courses tab

Åά! tǊŀŎǘƛŎŀƭ DǳƛŘŜ ǘƻ 9ȄƻǇƭŀƴŜǘ hōǎŜǊǾƛƴƎέ
(go to astrodennis.com)
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Future NASA Exoplanet Missions
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Courtesy: NASA
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Å2021+
ÅObservations in infrared
ÅBegin characterization of

exoplanet atmospheres


