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Overview

1. Context and false positive scenarios.

2. False positive distributions, priors, and implications.

3. Solutions and expectations for PLATO.
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Candidate scenarios

4

Transiting 
planet

TP

Eclipsing 
binary

EB

Background 
eclipsing 

binary
BEB

Hierarchical 
eclipsing 

binary
HEB

Background 
transiting 

planet
BTP

Hierarchical 
transiting 

planet
BTP

Nearby 
transiting 

planet
NTP

Nearby 
eclipsing 

binary
NEB

Nearby 
hierarchical 

eclipsing 
binary
NHEB

Data/ 
instrumental 

artefacts

24/06/2025  |

Stars

Planets



Understanding false positive sources

Training sets / Test Samples
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Planet Validation

Often simple, but there is a wealth of research on stellar distributions available.

Train/develop vetting algorithms

Test completeness / performance of planet finding 
pipelines

Probabilistic assessment of candidate nature. 
Depends critically on false positive priors.

e.g. vespa, TRICERATOPS, Exominer, …



RAVEN pipeline
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Validation components
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Priors from literature From transit search on injections



Simulations
• Generate simulated 

events (transiting planets 
and false positives) using 
known planet and binary 
distributions
• Calculate prior 

probabilities for each 
scenario
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Simulation distributions

Stellar distributions mostly from 
Moe + di Stefano 2017

Orbital period, mass ratio, overall 
multiplicity

Planet distributions mostly from 
Hsu et al 2019 (Kepler - very 
uncertain for long period Earths, of 
course)
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Simulations
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Orbits, Distances, e (if wanted)

Full system data

Multi-color transit 
lightcurves(!),
Expected RV signal,
Astrometry…Specific host star, orbital period, …



Priors Comparison
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Short –> Long orbital period

This is probability to happen at a given orbital period – not probability to be detectable 

V= 7.9

V=12.6

Appropriate 
distances 

Low due to Gaia – there is not 
much sky area for unresolved 
background stars



Eclipse depth distributions
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Overall distributions for a given candidate
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Earth-transit Jupiter-transit

V=7.9, Solar host star, 310d candidate period

Warning! Eclipses on nearby resolved stars and instrumental artefacts not included here.
(also assumes Gaia resolves every contaminant at >2” separation)



Effect of brightness
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Effect of orbital period
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Effect of host star

Stellar multiplicity – all 
scenarios involving multiple 
stars (which is most of them) 
increase for hotter host stars.

Prime Sample has stars up to 
1.5M☉ - approx. double rate of 
companion stars compared to 
1.0M☉
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Caveats- Nearby stars, instrumental artefacts
• Planet distributions are uncertain! But planet-related false positive scenario 

priors scale with true planets.

• EBs and planets on resolved, separate stars from the host not included here. 
These are a significant source of false positives, but (in theory!) identifiable 
through centroids, ground-based follow-up, or avoidable.

• Understanding instrumental artefacts critical for small few-transit signals. E.g. 
Kepler rolling-band noise.
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Solutions - Chromaticity
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Solutions - Vetting
Vetting methods well established

Typically not tested per false 
positive scenario

These simulations allow detailed 
testing

24/06/2025  | 23

RAVEN 27

Figure 13. A collection of all scenario specific probability distributions from the combined RF and GP classifiers for the respective test subset of each planet-FP
scenario. The resulting probability distributions showcase the varying degree of confidence of the classifiers in distinguishing between the Planet and each FP
scenario.

high probability regime to be assigned a final posterior probability
greater than 0.99. This will be especially true for the NTP scenario,
where the positional probabilities should further help differentiate
the two scenarios. Finally, for the NSFP scenario, the distribution of
the probabilities for the two classes showcase that the classifiers are
well capable of separating the true planets and that the vast majority
of them will lie above the 0.9 threshold we set for our vetting limit,
which further solidifies our decision.

4 RESULTS ON PRE-CLASSIFIED TOIS

4.1 Overview

Finally, the pipeline was tested on the sample of pre-dispositioned
TOIs described in Section 2.2. This is the most decisive test for the
pipeline as it involves all its components and allows us to evaluate
its performance on the actual TESS detected exoplanets and FPs. As
such, this test determines whether the pipeline can indeed provide
realistic planet probabilities for the TESS candidates and informs
our expectations on the pipeline’s potential to statistically validate

MNRAS 000, 1–37 (2023)



Solutions – Gaia, NEB screening, AO imaging
• Gaia – Astrometric orbits for bound stars. Can detect some(most?) 

HTPs/Triple stars.

• High contrast imaging to reduce sky area for bound or background stars

• Complete NEB screening – or ignore candidates with potential contaminants

• Most critical, and hard to predict – understand instrumental noise.
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Summary
• We can simulate lightcurves for a wide range of scenarios – get in touch!

• Prior distributions imply sources of false positives shift from blended stars to 
blended planets, for small, long period transits. Instrumental artefacts are 
critical

• Gaia knowledge of bound stars in system, plus nearby contaminants, can 
completely change FP scenarios
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Aside - validation
• In Kepler and TESS, often different validation methodologies disagree. 
• This can be due to data, choices of priors and distributions, methodology..
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Aside - validation
• In Kepler and TESS, often different validation methodologies disagree. 
• This can be due to data, choices of priors and distributions, methodology..
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Armstrong+, 2021



Summary
• We can simulate multi-color lightcurves for a wide range of scenarios – get in 

touch!

• Prior distributions imply sources of false positives shift from blended stars to 
blended planets, for small, long period transits. Instrumental artefacts are critical.

• Gaia knowledge of bound stars in system, plus nearby contaminants, can 
completely change FP scenario prior probability.

• Validation outcomes can be highly variable and dependent on distribution choices – 
be careful, and please don’t treat validated planets as equal to ‘confirmed’.
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