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Discussion 2: NEPTUNE Characterizes Hidden Exoplanets
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TTV Amplitude

* Peaks near resonances (e.g., 2:1, 3:2) due
to cumulative gravitational interactions

* Increases with perturbing mass

* Amplified by eccentricity
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Decoding TTVs requires long baselines and breaking degeneracy
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Goal + Resonant systems: long-period, high-
amplitude super-period signals
* Non-resonant systems: shorter-period,
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1. Mid-Transit Time Uncertainty Jtets
Transit times from Kepler/TESS light curves included
measurement uncertainties derived using EXOTIC i t
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2. Confidence Intervals of Parameter Estimates
MCMC sampling produced 1-c credible intervals,
capturing both best-fit parameter values and the
likelihood of different outcomes
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Accelerate the detection and characterization of hidden (non-transiting)
exoplanets in multi-planet systems using Transit Timing Variations (TTVs)

TTV Amplitude (Minutes, log)
TTV Amplitude (Minutes, log)
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3. Model Selection using Sum of Squared Errors
Models were ranked by Sum of Squared Errors (SSE); lower SSE indicated a better fit to
TTV data

Objectives

1. Simulate realistic TTV signals to analyze gravitational interactions between
planets in multi-planet systems

Result 2: Synodic Signals Resolve Mass—Eccentricity Degeneracy Result 3: Parameters Recovered for Hidden Planet Kepler-46¢ 4. Numerical Integration Limitations
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* Uses multi-period fitting to resolve degeneracies in planetary mass, period, and
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* Alnitak Observatory (Spain) Plots created by finalist using Matplotlib + Successfully applied to identify possible exoplanet candidate in Kepler-1710 system

and potentially transform it from a single-planet into a multi-planet system

Modeling and Analysis Tools

* N-Body integrator: REBOUND (IAS15)
* Signal Processing: Scipy, Astropy

* Machine Learning: scikit-learn

* Bayesian Inference: emcee, corner

* Open-source tool enables broader use by researchers and citizen scientists

Result 4: Possible Candidate Exoplanet in Single-Planet System Kepler-1710

Target: Kepler-1710b (Transiting, Period: 14.9 days)
Single-planet system with TTVs (Kepler DR 25) Star in Kepler Field of View

Kepler Target Pixel Files (TPF) with Kepler-1710b O-C Plot
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* Sinusoidal O-C = likely gravitational perturbation Days

*+ Dominant Period: 259.43 +0.3 days . . . . Images taken from MAST Plot created by finalist using Matplotlib
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PROJECT IMPACT AND FUTURE

Data and Light Curve Processing

* 70+ Target Pixel Files (TPF) from NASA MAST
* Custom apertures via EXOTIC

* Mid-transit times = O-C curve

Images taken from Saint Mary’'s University

Networks and Forums
* Citizen Science: Ariel ExoClock, ExoFOP ,
* Forums: Royal Astronomical Society of Aperture: 0.43 m Aperture: 0.61m

Canada, Exoplanet Watch, British Focal Ratio: /6.8 Focal Ratio: /4
Astronomical Association
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