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Abstract

This project has found evidence of trends in known 3-planet systems with inner
planets in a Mean Motion Resonance to construct a predictive model with the ability
to propose periods of possible outer planets in currently known 2-planet MMR
systems. Using light curve data collected from the Kepler/K2 mission, periodograms
and transit curves can be constructed and analyzed to develop such a model as to
provide ranges for outer extant planets’ periods, with the known 3-planet systems as
the training dataset and the 2-planet systems having the prediction applied to them.
The distribution of period ratios in known 3-planet systems are examined
considering each different integer resonance to evidence more specifically for each
system of interest. This model creates a framework for further mass-based analyses
of orbital trends, as well as laying the foundation for future prospective n-body
dynamical simulations in systems with known classified period relationships and
MMRs. This will serve as a mode to find new exoplanets in currently known and
classified transiting systems and give justification to possible new planets discovered
given that they build on noted observed trends of inner planet resonances. This
model should be applied to all Kepler/K2 and TESS 2-planet systems in an MMR to
use these trends and find new exoplanets in such known systemes.

Transiting Exoplanets/The Model
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Figure 1a. Transit light curve of ... g
TrES-1b, a Hot Jupiter transiting a ail
KOV star, overlayed with expected : o=
transit curve model. This transit i°
was taken using Wesleyan’s 24- ‘
Inch Perkin Telescope
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Figure 1b. Distribution of p3/(p2/pl) where p2/pl is labelled “inner planet
resonance” or IPR.

Building the Model Conclusions/Future Work

- The Predictive Model was constructed by taking the orbital periods of known 3-planet resonant systems - This model has found trends in the periods
and comparing them to 2-planet resonant systems. This is done with the goal of being able to postulate a of third planets relating to inner planet
range of possible third planet periods in these two-planet resonant systems through comparing them to MMRs.

known three-planet systems with the inner two planets in an MMR.
- The Kepler/K2 mission revealed a great

- IPR represents “inner planet resonance” and represents p2/p1, or the period ratio of the inner 2 planets dynamical breadth of transiting exoplanet
in a 3-body system. For two planet systems, this is essentially the input for the model, which returns a systems, of which resonant systems are
range of possible periods provided the orbital periods are in an MMR. common.* The next step is to apply this

model to all Kepler/K2 2-planet resonant

- Dataset sampled all 3-planet systems with inner planets in a 2:1, 3:1, 3:2, 5:2, or 4:3 MMR %0.05 systems.

- Dynamical evolution of Hot Jupiter systems

have been found to disturb photometric

searches for companion planets>, therefore
limitations on detecting transiting hot
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Figure 2. Distribution of p3/(p2/pl) within 3:2 MMR (red), 4:3 MMR (yellow), 2:1 MMR (blue), and 5:2 MMR (orange). Note as limiting dimensions to the model.

tendency for part of 3:2 and 4:3 MMRs to remain in specific close ranges, wherein if a transit-like curve were to be found in such a
range its existence could be further justified as a possible planet.

- Transit Timing Variations (TTVs) tend to be
amplified in resonant systems. Follow-up

App|y|ng the Model | Kepler-414 . ground-based TTV analysis should also be
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term goal to expand the model.
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Figure 3. Application of model to Kepler-414, a

transiting 2-planet system with a super-Earth and

transiting planet’s orbital
period

- Folding light curves around

Known perIOdS and peaks Neptune-like planet orbiting a G-type star I:}E.Ede resgf:thesk Y. 2014, ApJ, 787, 80. doi:10.1088/0004-637X/787/1/80
cr L - : : a4 . Hadden, S. & Lithwick, Y. , ApJ, 787, 80. doi:10. -
within .the p055|.ble range d'scof’elr,e‘:] HsINg Tra]?s't T'ml'”g variations Nrte 2. Hébrard, G., Diaz, R. F., Correia, A. C. M., et al. 2020, A&A, 640, A32. doi:10.1051/00046361/202038296
determined by which MMR is transit lignt bclurvef‘ or ij |er-h414b and Kep Ier- 3. Seager, S. 2021, Exoplanets, edited by S. Seager. Tucson, AZ: University of Arizona Press, 2021, 526 pp.
: 414c. Possible planet ight curve is also _0- _ _
found can be used to find . P (et | ISBN 978-0-8165-2345-2.
. : . included, folded for period spike in periodogram 4, Steffen, J. H. & Lissauer, J. J. 2018, New A Rev., 83, 49. doi:10.1016/j.newar.2019.04.001
transit Slgnals of pOSS|b|e within range modelled by the 3:2 MMR 5. Steffen, J. H., Ragozzine, D., Fabrycky, D. C., et al. 2012, Proceedings of the National Academy of Science,
outer planets histogram, though much follow-up must occur 109, 7982. d0i:10.1073/pnas.1120970109

before conclusions can be drawn.




