
TESS Follow-up Observing Program

12019 August 01

Karen Collins
CfA/SAO

karen.collins@cfa.harvard.edu

TFOP SG1
Ground-based Time-series Photometry:

Goals, Status, Results and Your TESS Paper



TFOP SG1 Team

 SG1 Team is
~200 members 
strong
 Professional 

astronomers
 Student 

astronomers
 Citizen 

astronomers
 Ground-based 

transit surveys
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TFOP SG1 Goals

 Goals:
 Identify photometric false positives
 Confirm events on-target
 Refine ephemerides
 Measure TTVs
 Measure transit depths to confirm TESS deblending factor
 Verify transit depth achromaticity
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NEB Search
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 Search stars within 2.5 arcmin of target for 
nearby EBs (NEBs)

 If found 1st time => SG1 disposition PNEB
 If found 2nd time => SG1 disposition NEB

r = 1.5”
apertures

target star light curve



SG1 Dispositioning Process
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SG1 Goals are dependent on transit depth
 Ground-based sensitivity general threshold

 ~1000 ppm (1 ppt or ~1 mmag)

 40% of <4 RE TOIs > 1 ppt

 75% all TOIs > 1 ppt

 Can also contribute at < 1 ppt

(N = 296)(N = 588) (N = 132) (N = 23)



SG1 Dispositioning Process
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SG1 Dispositioning Process
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 For transit depths > 1 ppt
 Primary goal is to confirm transit on target

• Confirmed and no follow-up aperture contamination
=> VPC = Verified Planet Candidate (SG1 disposition)

• Confirmed but follow-up aperture is contaminated with known nearby star
=> VPC-

• Confirmed off target
=> NEB = nearby eclipsing binary

 Secondary goal is a depth chromaticity check
• No significant filter dependent depth 

=> VPC+
• Significant filter dependent depth

=> BEB = blended (in the follow-up aperture) EB false positive



VPC Examples

Transits detected on target => VPC disposition (often with 1-2” apertures)
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Credit: Kevin Collins, Vanderbilt University/George Mason University Credit: Jonathan Irwin

MEarth-South Multi-Telescope



VPC+ Examples

Achromatic Transits detected on target => VPC+ disposition
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Credit: Dennis Conti, Citizen Astronomer



BEB Examples

Examples of strong chromaticity detections => BEB False Positive
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Credit: Kevin Collins, Vanderbilt University

B-band Filter

Zs-band Filter

u’-band Filter

Zs-band Filter



Ephemeris Refinement

 Several TOIs already have > 2-hour uncertainty
 Ephemeris is refined with each SG1 observation
 Uncertainty generally reduced by ~90%
 Chart below includes SG1 refinements
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TTV Detections

 TOI-216b and TOI-216c system
 SG1 citizen astronomers contributed to TTV measurements
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Dawson et al. 2019

(Chris Stockdale)



SG1 Dispositioning Process
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 For transit depths < 1 ppt
 Primary goal is to check all Gaia DR2 star locations within 2.5 

arcmin of the target for NEBs
• Confirmation of no NEBs (no Gaia stars blended in target PSF)

=> CPC = Cleared Planet Candidate
• Confirmed but target star PSF is contaminated with known nearby star

=> CPC-
• Confirmed off target (1st time)

=> PNEB = possible nearby eclipsing binary
• Confirmed off target (2nd time)

=> NEB = nearby eclipsing binary



NEB Check
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 Light curves of all stars within 2.5 
arcmin of target are available on  
ExoFOP-TESS

 Box transit models show depth needed 
to produce TESS detection



SG1 TOI List Google Sheet

 Any TFOP member can request 
access (send me your google 
affiliated email address)

 Contains all SG1 TOIs
 All Mission TOIs
 Various special request candidates

 Current SG1 priority
 Current SG1 disposition
 Observing history
 Current ephemeris uncertainty

 NOTE: all confirmed FPs are 
listed on ExoFOP-TESS
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SG1 TOI List Totals
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 Chart linked on TESS Wiki
 865 (L1=296) SG1 TOIs (excluding KPs and STPCs)
 1100+ (L1=375+) SG1 submitted observations

 ~60% LCO observers
 ~40% from non-LCO observers

 ~50% of TOIs have 1+ observations
 ~20% FPs

 See SG1 Related Posters:
 Poster 5 – McLeod et al.
 Poster 7 – Narita et al.
 Poster 9 – Waalkes et al.
 Poster 11 – Fukui et al.
 Poster 12 – Kielkopf et al.
 Poster 19 – Palle et al.
 Poster 54 – Kafka et al.



SG1 Data and Your TESS Paper
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 Interested in a specific TOI?
 Let me know early on and I can boost SG1 priority

 Recommend including constraints from follow-up in paper
 Size of follow-up aperture (in arcsec) used to confirm event on target
 FWHM of stars in follow-up imagery
 Include light curves in global model

• Reduce ephemeris uncertainty by up to ~90%
• Verify TESS deblending factor via follow-up depths
• Verify achromatic transit via multi-band follow-up
• TTV constraints

 TOIs with depths less than ~1.0 ppt
 The CPC status rules out NEBs

 We can help write SG1 observations and data reduction section and provide interpretation
 TFOP observers that contributed useful data, including ruling out of a false positive, should be 

offered coauthorship, even if you later confirmed the planet mass with RVs.
 Check ExoFOP-TESS and SG1 Google Sheet
 Ask me to help identify appropriate SG1 coauthors



Lead Author Resources for SG1 Observations
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 SG1 Author Information (link on TESS Wiki Publication page)

 SG1 TOI List 
 Open to all TFOP members
 Email karen.collins@cfa.harvard.edu for access

 SG1 Instrumentation Specs (link on Wiki Publication page)
 ExoFOP-TESS

 Access to all SG1 reduced data files
 Must be TFOP member to access 1-year prop. data
 REMEMBER TO LOGIN TO SEE ALL FILES!

mailto:karen.collins@cfa.Harvard.edu
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