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Abstract

We have built a model to evaluate the potential dynamical stability of binary planets in

compact multi-planetary systems. We have identified 49 candidate systems that we then

simulated in 3 scenarios—No Injection where we simulate the system including only known

bodies, Single Injection where we simulate the system with the addition of an additional

planet, and Binary Injection where we simulate the system with the addition of a pair of

binary planets. We have noticed that a large number of the existing solutions for planetary

systems are unstable and likely could be better constrained with further dynamical modeling.

We have also identified 6 systems for further study as they have high stability of either

additional single planets (4 systems) or moderate stability of additional binary planet pairs

(3 systems).

1 Introduction

Binary planets, also known as double planets, are pairs of planets that orbit each other,

making a shared orbit around their star. Although no known binary planets exist, the

closest solar system analogues are the Earth-Moon and Pluto-Charon systems. These

systems have a more complex orbital geometry than the usual single planets, which mean

that they may be able to evade detection by the usual detection techniques for planets.

The transit method of detecting planets, which detects planets via the light blocked as

they pass between the star and our telescope, relies on strictly periodic orbits in a strictly

defined orbital plane for automated algorithms to identify the weak signals caused by

transits as originating from planets. Binary planets may not transit periodically, even as

other planets in the system do so, as the inclination of the binary planets’ orbit around

each other may cause planets to be out of the orbital plane of the system at time of transit,

causing the transit to not occur. Additionally, as the planets’ orbit around each other has a

distinct period to the planets’ orbit around their host star, the planets will be at different
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orbital phases at time of transit, breaking the periodicity required for common transit

detection algorithms to actually find a planet.

One common feature of known exoplanetary systems is that many of them are compact.

Many systems have a large number of planets located incredibly close to their

star–Famously, the TRAPPIST-1 system has 7 planets contained within a fraction of

Mercury’s orbit. A number of these systems have “dynamical-gaps” or regions that given

the spacing of the other planets in the system, we would expect to find a planet. My project

focuses on these systems, compact-multiplanetary systems with a dynamical gap and seeks

to determine if the existence of a binary planet within the system would explain the gap.

2 Methodology

2.1 Determination of Sample Planets

We began by identifying a list of known exoplanetary-systems that are

compact-multiplanetary systems with enough known properties such that we can effectively

study them. We filtered the list of „ 4000 known exoplanetary systems as of June 2023

taken from the Exoplanet Archive1 to include systems with at least 4 planets with

semi-major axis less than 1 au and which have for which there exists transit data in the

default solution provided by Exoplanet Archive. The 49 systems which meet our filtering

criteria are displayed in Figure 1.

2.2 Simulation Priors

We then performed a Monte-Carlo simulation to determine the stability of the

exoplanetary systems. We initialized each system by drawing from our priors for each

system. We determined our priors for the stellar mass, and the planetary mass, semi-major

1https://exoplanetarchive.ipac.caltech.edu/
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Figure 1: The selected planetary systems considered in this study. The blue dots represent
the location of the planets, the size of the dots correlates with the radius of the planets, and
the red dashed line represents the dynamical gap of the system.
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Figure 2: Empirical cumulative probability distribution used for determining stellar masses
given no published priors.
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axis, and eccentricity by pulling data from the default solution on the Exoplanet Archive.

If constraints on these variables existed, we took our prior to be a uniform distribution

between the ˘1σ bounds. We additionally set the inclination of each planet to be 0.

If the host star of the system did not hace complete mass constraints with a most likely

mass and ˘1σ bounds, we determined the stellar mass by drawing from an empirical mass

distribution that was created from the stars with constrained masses in our sample. This

distribution is presented in Figure 2. We note that this mass distribution is slightly out of

date and does not include all eligible stars from our present sample. Likewise, if a planet

did not have complete mass constraints we set the mass using mass-radius relations. If an

upper mass bound existed, we used rejection sampling of the mass-radius relation to

determine the mass subject to that upper bound. If no complete eccentricity data was

available, we took the eccentricity to be 0. By our selection criteria, a most likely

semi-major axis exists for each planet in our sample. If either the error lower bound or the

error upper bound did not exist, we assumed it to be 80% and 120% respectivly of the

most likely semi-major axis. We did likewise if the error bounds were missing for radius on

a planet that we were using mass-radius relationships to determine their mass.

Mass-Radius relationships were determined by using the forecaster python module

developed by Chen and Kipping (2017). System specific stellar mass priors for each system

are presented in 4. Likewise our priors for planetary mass, semi-major axis, eccentricity,

and, if applicable, radius are presented in 5. The applicable citations for the data used are

also presented in the aforementioned tables.

We ran three scenarios for each system—A No Injection case where we simulate only the

known planets, a Single Injection case where we simulate the known planets with the

addition of a single planet in the largest dynamical gap, and a Binary Injection case where

we simulate the known planets along with the addition of a binary planet pair in the

largest dynamical gap. As we expect the planets to be roughly evenly spaced in
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logarithmic space, we determined the largest dynamical gap by taking the ratio:

ri “
ai`1

ai
(1)

for each pair of planets where ai is the semi-major axis of the i ´ th planet in the system.

The region corresponding with the maximum value of ri is considered the dynamical gap

and the locations of such gaps are noted in Figure 1.

For the single injection case, we took the prior distribution of the mass of the injected

planet to be a normal distribution with the mean and standard deviation taken from the

mean and standard deviation of the set of known planets, which previously had their

masses determined by the method as discussed above. We additionally set the semi-major

axis of the planet to be a uniform distribution over the region

G “ paj ` 0.2paj`1 ´ ajq, aj ` 0.8paj`1 ´ ajqq Q rj “ max
i

ptriuq. (2)

We set the eccentricity to be a uniform distribution over the interval p0, 0.3q as we found

that planets with eccentricity e ą 0.3 had negligible rates of survival. The inclination of

the injected planet was set to 0. A summary of these priors is presented in Table 2.

For the binary injection case we parameterized the masses of the two planets in terms of

the total mass of the binary system, mtot, and in terms of the mass fraction of the smaller

planet, q. The masses of the planets, pm1,m2q, were then set as

pm1,m2q “ pqmtot, p1 ´ qqmtotq . (3)

The prior on the total system mass was a uniform prior on the interval p0.38M‘, 72M‘q

which was chosen to approximately cover the mass range of planets in the 49 systems. The

mass fraction of the smaller planet was chosen to be uniform on the interval p0.25, 0.5q so

we allow the larger planet to be anywhere from the same mass as the smaller planet to 4
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times more massive. The eccentricity of the planets about their center of mass, e, and the

eccentricity of the center of mass about the star, esys was drawn from a uniform

distribution on the interval p0, 0.3q. The semi-major axis of the center of mass around the

star was drawn a uniform distribution on the interval given in Equation 2. The distance

between the planets, d, which is equal to twice the semi-major axis about the center of

mass, was drawn from a uniform distribution on the interval p0.1rHill, 0.8rHillq where rHill is

the hill radius of the more massive planet and is given by

rHill “ asysp1 ´ eq

ˆ

m2

3Mstar

˙1{3

. (4)

Both the orbit of the planets around the center of mass of the binary system and of the

center of mass around the host star had their inclinations set to zero. The phase of the

planets in their orbit around each other was uniformly randomized. A summary of these

priors is presented in Table 3.

2.3 N-Body Simulation

We then simulated each initialized system in a N-body simulation using the rebound

python package (Rein and Liu, 2012). We performed performance and accuracy tests on all

the built in integrators in rebound, the results of which are presented in Table 1, and chose

to use the leapfrog integrator due to its speed and accuracy. The leapfrog integrator is a

relatively simple second order symplectic integrator that is implemented in a

drift-kick-drift scheme. The Hamiltonian for a particle with mass m,

H “
1

2

p2

m
` Φpxq (5)

where Φpxq is the gravitational potential, is split into two components H1ppq “ 1
2
p2

m
and

H2pxq “ Φpxq such that H “ H1 ` H2. The co-ordinates of a particle with momentum and
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position at timestep i, ppi, xiq, are time evolved as follows:

xi`1{2 “
BH1

Bp

ˇ

ˇ

ˇ

ˇ

i

∆t

2
“

pi
m

∆t

2
(6)

pi`1 “ ´
BH2

Bx

ˇ

ˇ

ˇ

ˇ

i`1{2

∆t “ ´∇ϕpxi`1{2q∆t (7)

xi`1 “
BH1

Bp

ˇ

ˇ

ˇ

ˇ

i`1

∆t

2
“

pi`1

m

∆t

2
(8)

As the leapfrog integrator is a symplectic error, it is guaranteed to preserve quantities such

as angular momentum and energy.

Each run was performed for 1,000,000 years at a time step of ∆t “ 0.0001 years. The

simulation was stopped early and considered unstable if any planet became gravitationally

unbound or was on an orbit with semi-major axis a ą 5 au. Systems that ran to

completion were considered stable if the final semi-major axes of every planet were within

10% of their starting values.

For each system and each scenario pair, we performed a maximum of 10000 runs by

running our simulation on 96 cores for 4 hours. The minimum amount of runs achieved by

this method was „ 600. The runs per system is significantly lower for systems that are

more stable as the early stopping allows for unstable systems to quickly explore the

unstable parts of the parameter space.

3 Results

We begin by presenting summary results for the three scenarios. A histogram describing

how stable the various systems we simulated in each scenario are is presented in Figure 3.

Greater 65% of the systems in the No Injection scenario were stable in over 10% of runs,

with many systems being more stable than that threshold, but over 20% of the No

Injection systems were unstable over 99% of the time. We have yet to break down the

8



Integrator Time (s) Energy Error Angular Momentum Error
EOS 291 8.55 ˆ 10´11 2.47 ˆ 10´8

SEI 167 3.23 4.83 ˆ 1011

Leapfrog 125 9.77 ˆ 10´11 2.89 ˆ 10´7

SABA 2443 8.91 ˆ 10´11 4.18 ˆ 10´6

Janus 846 5.56 ˆ 10´13 4.38 ˆ 10´8

IAS15 294 1.37 ˆ 10´15 6.78 ˆ 10´8

Mercurius long N/A N/A
WHfast 430 1.23 ˆ 10´10 1.09 ˆ 10´7

BS 27 2.21 ˆ 10´6 5.75 ˆ 10´2

TES 230 2.31 ˆ 10´14 1.22 ˆ 10´9

Table 1: Comparison of run-time and error of the rebound built in integrators. Note that
the Mercurius integrator timed out so we do not know its exact runtime.

Quantity Prior
Mass Normal(mean(mplanets), std(mplanets)),

Semi-Major Axis U(G)
Eccentricity U(0, 0.3)
Inclination π{2

Table 2: Priors for the single injected planet. Note that the interval G is given in Equation
2.

Quantity Prior
Total Mass U(0.38, 0.72) M‘,

Mass-Fraction (q) U(0.25, 0.5)
Semi-Major Axis U(G)

Eccentricity U(0, 0.3)
System Eccentricity U (0, 0.3)

Inclination 0
Planet Separation Uniform(0.1, 0.8) * rHill

Table 3: Priors for the binary injected planets. Note that the interval G is given in Equation
2 and the Equation for the Hill radius, rHill is given in Equation 4.
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Figure 3: Histogram of survival frequency, or the fraction of runs that were considered
dynamically stable, for the three injection secenarios.
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Figure 4: Survival fractions for six selected planetary systems for the Single and Binary
Injection Scenarios, normalized to the survival fraction of the No Injection Scenario. Error
bars represent ˘σ using Poisson statistics.

fraction of these systems that had unconstrained priors that we had to estimate, but the

lack of stability in the vast majority of cases indicates that dynamical modeling that takes

into account dynamical stability could likely be useful in further constraining the orbital

and bulk parameters of these systems.

As expected, adding in extra planets in the single injection case significantly decreased the

likelihood of stability. In the Single Injection scenario just under 50% of the systems are

stable while for the Binary Injection case the vast majority (75%) of systems fail to ever

achieve stability in all of their runs. „15% of the Single Injection systems and one of the

Binary Injection systems, however, are stable at least 10% of the time.

A selection of the 6 most interesting systems is presented in Figure 4. These are systems
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where the Single Injection scenario had a survival rate of at least half that of the No

Injection scenario or where the Binary Injection Scenario had a survival rate of at least 1%.

The systems Kepler-167, Kepler-169, Kepler-186, and Kepler-62 are interesting as they all

have high survival rates of Single Injection at or above 50% of the No Injection scenario.

These are systems where the dynamics do not appear to preclude the existence of

additional planets in the dynamical gap and thus might be interesting candidates for

follow-up searches.

The Kepler-220, Kepler-169, and Kepler-79 systems, and especially the latter two, are also

interesting due to the relative high stability rate of the binary planets. All of these systems

have binary planet survival rates greater that 10% with the survival rate in Kepler-79 for

binary planets actually being greater than that for single injection. The dynamical gaps of

these systems, likewise, would be a good location to search for potential binary planets.

Acknowledgments

I would like to thank Tansu for graciously serving as my advisor for this project even

though I probably had to cancel every third meeting with nowhere enough notice. I would

also like to thank the denizens of the Noether Nook and The Cafe for their continued

support and friendship throughout this time working on the project.

This paper represents my work in accordance with University regulations.

/s/ Wolf Cukier

12



Software
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Scandariato, G., Seager, S., Ségransan, D., Serrano, L. M., Simon, A. E., Smith, A.
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N., Thompson, S., Tilbrook, R. H., Triaud, A., Turner, O., Udry, S., Van Grootel, V.,

Venus, H., Verrecchia, F., Vines, J. I., Walton, N. A., West, R. G., Wheatley, P. J.,

Wolter, D., and Zapatero Osorio, M. R. (2021). Six transiting planets and a chain of

Laplace resonances in TOI-178. Astronomy and Astrophysics, 649:A26. ADS Bibcode:

2021A&A...649A..26L.

Lillo-Box, J., Lopez, T. A., Santerne, A., Nielsen, L. D., Barros, S. C. C., Deleuil, M.,

Acuña, L., Mousis, O., Sousa, S. G., Adibekyan, V., Armstrong, D. J., Barrado, D.,

Bayliss, D., Brown, D. J. A., Demangeon, O. D. S., Dumusque, X., Figueira, P.,

Hojjatpanah, S., Osborn, H. P., Santos, N. C., and Udry, S. (2020). Masses for the seven

planets in K2-32 and K2-233. Four diverse planets in resonant chain and the first young

rocky worlds. Astronomy and Astrophysics, 640:A48. ADS Bibcode:

2020A&A...640A..48L.

Lissauer, J. J., Jontof-Hutter, D., Rowe, J. F., Fabrycky, D. C., Lopez, E. D., Agol, E.,

18



Marcy, G. W., Deck, K. M., Fischer, D. A., Fortney, J. J., Howell, S. B., Isaacson, H.,

Jenkins, J. M., Kolbl, R., Sasselov, D., Short, D. R., and Welsh, W. F. (2013). All Six

Planets Known to Orbit Kepler-11 Have Low Densities. The Astrophysical Journal,

770:131. Publisher: IOP ADS Bibcode: 2013ApJ...770..131L.

Lissauer, J. J., Marcy, G. W., Rowe, J. F., Bryson, S. T., Adams, E., Buchhave, L. A.,

Ciardi, D. R., Cochran, W. D., Fabrycky, D. C., Ford, E. B., Fressin, F., Geary, J.,

Gilliland, R. L., Holman, M. J., Howell, S. B., Jenkins, J. M., Kinemuchi, K., Koch,

D. G., Morehead, R. C., Ragozzine, D., Seader, S. E., Tanenbaum, P. G., Torres, G., and

Twicken, J. D. (2012). Almost All of Kepler’s Multiple-planet Candidates Are Planets.

The Astrophysical Journal, 750:112. Publisher: IOP ADS Bibcode: 2012ApJ...750..112L.

Lopez, T. A., Barros, S. C. C., Santerne, A., Deleuil, M., Adibekyan, V., Almenara, J. M.,

Armstrong, D. J., Brugger, B., Barrado, D., Bayliss, D., Boisse, I., Bonomo, A. S.,

Bouchy, F., Brown, D. J. A., Carli, E., Demangeon, O., Dumusque, X., Dı́az, R. F.,

Faria, J. P., Figueira, P., Foxell, E., Giles, H., Hébrard, G., Hojjatpanah, S., Kirk, J.,

Lillo-Box, J., Lovis, C., Mousis, O., da Nóbrega, H. J., Nielsen, L. D., Neal, J. J.,

Osborn, H. P., Pepe, F., Pollacco, D., Santos, N. C., Sousa, S. G., Udry, S., Vigan, A.,

and Wheatley, P. J. (2019). Exoplanet characterisation in the longest known resonant

chain: the K2-138 system seen by HARPS. Astronomy and Astrophysics, 631:A90. ADS

Bibcode: 2019A&A...631A..90L.

Lubin, J., Van Zandt, J., Holcomb, R., Weiss, L. M., Petigura, E. A., Robertson, P.,

Akana Murphy, J. M., Scarsdale, N., Batygin, K., Polanski, A. S., Batalha, N. M.,

Crossfield, I. J. M., Dressing, C., Fulton, B., Howard, A. W., Huber, D., Isaacson, H.,

Kane, S. R., Roy, A., Beard, C., Blunt, S., Chontos, A., Dai, F., Dalba, P. A., Gary, K.,
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A System by System Priors

Table 4: Priors for the stellar mass used for each system and the relevant citation for stellar
parameters. Items marked with a star did not have complete constraints on the variable
(most likely value and ˘1σ bounds) and were thus populated with an uninformed prior
subject to the available data (see text). Empirical denotes that there was no stellar mass
data published and the mass was instead drawn from the empirical distribution presented in
Figure 2.

System Stellar Mass Prior (Md) Citation

HD 108236 Up0.820, 0.920q Bonfanti et al. (2021)

HD 191939 Up0.770, 0.850q Lubin et al. (2022)

HD 23472 Up0.640, 0.700q Barros et al. (2022)

K2-133 Up0.450, 0.470q Wells et al. (2019)

K2-138 Up0.920, 0.960q Lopez et al. (2019)

K2-266 Up0.660, 0.720q Rodriguez et al. (2018)

K2-285 Up0.810, 0.850q Palle et al. (2019)

K2-32 Up0.810, 0.850q Lillo-Box et al. (2020)

K2-72 Up0.180, 0.350q Dressing et al. (2017)

KOI-94 Up1.230, 1.330q Weiss et al. (2013)

Kepler-102 Up0.780, 0.820q Bonomo et al. (2023)

Kepler-107 Up1.210, 1.270q Bonomo et al. (2023)

Kepler-11 Up0.930, 0.990q Lissauer et al. (2013)

Kepler-150 Emperical˚ Rowe et al. (2014)

Kepler-167 Up0.750, 0.810q Chachan et al. (2022)

Kepler-169 Emperical˚ Rowe et al. (2014)

Kepler-172 Emperical˚ Rowe et al. (2014)

Kepler-186 Up0.420, 0.540q Quintana et al. (2014)

Kepler-197 Emperical˚ Rowe et al. (2014)

Kepler-20 Up0.880, 0.980q Bonomo et al. (2023)

Kepler-208 Emperical˚ Rowe et al. (2014)

Kepler-215 Emperical˚ Rowe et al. (2014)

Kepler-220 Emperical˚ Rowe et al. (2014)

Kepler-221 Emperical˚ Rowe et al. (2014)

Kepler-224 Emperical˚ Rowe et al. (2014)

Kepler-235 Emperical˚ Rowe et al. (2014)

Kepler-24 Up0.890, 1.140q Ford et al. (2012)

Kepler-251 Emperical˚ Rowe et al. (2014)
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Kepler-256 Emperical˚ Rowe et al. (2014)

Kepler-265 Emperical˚ Rowe et al. (2014)

Kepler-286 Emperical˚ Rowe et al. (2014)

Kepler-292 Emperical˚ Rowe et al. (2014)

Kepler-296 Up0.410, 0.570q Barclay et al. (2015)

Kepler-299 Emperical˚ Rowe et al. (2014)

Kepler-306 Emperical˚ Rowe et al. (2014)

Kepler-32 Up0.530, 0.630q Fabrycky et al. (2012)

Kepler-33 Up1.170, 1.350q Lissauer et al. (2012)

Kepler-341 Emperical˚ Rowe et al. (2014)

Kepler-402 Emperical˚ Rowe et al. (2014)

Kepler-444 Up0.720, 0.800q Campante et al. (2015)

Kepler-62 Up0.670, 0.710q Borucki et al. (2013)

Kepler-79 Up1.130, 1.210q Jontof-Hutter et al. (2014)

Kepler-82 Up0.880, 0.940q Freudenthal et al. (2019)

TOI-1246 Up0.840, 0.900q Turtelboom et al. (2022)

TOI-178 Up0.620, 0.680q Leleu et al. (2021)

TOI-561 Up0.770, 0.850q Lacedelli et al. (2022)

TOI-700 Up0.390, 0.430q Gilbert et al. (2023)

TRAPPIST-1 Emperical˚ Agol et al. (2021)

V1298 Tau Up1.050, 1.150q David et al. (2019)
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Table 5: Priors for the planetary mass, semi-major axis, eccentricity, and, if relevant, the planetary radius used for each
planet along with the relevant citation for planetary parameters parameters. Items marked with a star did not have complete
constraints on the variable (most likely value and ˘1σ bounds) and were thus populated with an uninformed prior subject to
the available data (see text). Mass-Radius denotes that there was no planetary mass data published, or only an upper bound
was published, and the mass was instead drawn using mass-radius relations using forecaster (Chen and Kipping, 2017).

Planet Name Mass Prior (M‘) Semi-Major Axis Prior (au) Eccentricity Prior Radius Prior pR‘q Citation

HD 108236 b Mass-Radius˚ Up0.0444, 0.0462q Up0.012, 0.084q Up1.564, 1.666q Bonfanti et al. (2021)

HD 108236 c Mass-Radius˚ Up0.0608, 0.0632q Up0.009, 0.076q Up2.019, 2.123q Bonfanti et al. (2021)

HD 108236 d Mass-Radius˚ Up0.1051, 0.1097q Up0.02, 0.093q Up2.474, 2.601q Bonfanti et al. (2021)

HD 108236 e Mass-Radius˚ Up0.1347, 0.1389q Up0.022, 0.09q Up3.031, 3.135q Bonfanti et al. (2021)

HD 108236 f Mass-Radius˚ Up0.1720, 0.1799q Up0.017, 0.087q Up1.96, 2.069q Bonfanti et al. (2021)

HD 191939 b Up9.3, 10.7q Up0.0781, 0.0829q Up0.02, 0.041q N/A Orell-Miquel et al. (2023)

HD 191939 c Up7, 9q Up0.1702, 0.1807q Up0.021, 0.068q N/A Orell-Miquel et al. (2023)

HD 191939 d Up2.2, 3.4q Up0.2071, 0.2197q Up0.019, 0.049q N/A Orell-Miquel et al. (2023)

HD 191939 g Mass-Radius˚ Up0.7840, 0.8400q Up0.019, 0.055q Upnan, nanq˚ Orell-Miquel et al. (2023)

HD 23472 b Up0.35, 0.76q Up0.0423, 0.0436q Up0.023, 0.12q N/A Barros et al. (2022)

HD 23472 c Up0.45, 1q Up0.0670, 0.0690q Up0.023, 0.122q N/A Barros et al. (2022)

HD 23472 d Up0.37, 1.21q Up0.0892, 0.0920q Up0.019, 0.118q N/A Barros et al. (2022)

HD 23472 e Up7.53, 9.1q Up0.1144, 0.1180q Up0.032, 0.111q N/A Barros et al. (2022)

HD 23472 f Up2.6, 4.29q Up0.1622, 0.1670q Up0.02, 0.117q N/A Barros et al. (2022)

K2-133 b Mass-Radius˚ Up0.0317, 0.0322q 0˚ Up1.264, 1.417q Wells et al. (2019)

K2-133 c Mass-Radius˚ Up0.0431, 0.0437q 0˚ Up1.515, 1.693q Wells et al. (2019)

K2-133 d Mass-Radius˚ Up0.0743, 0.0755q 0˚ Up1.896, 2.11q Wells et al. (2019)

K2-133 e Mass-Radius˚ Up0.1335, 0.1357q 0˚ Up1.6, 1.87q Wells et al. (2019)

K2-138 b Up2.05, 4.15q Up0.0336, 0.0341q Up0.015, 0.102q N/A Lopez et al. (2019)

K2-138 c Up5.08, 7.44q Up0.0442, 0.0449q Up0.013, 0.096q N/A Lopez et al. (2019)

K2-138 d Up6.57, 9.31q Up0.0584, 0.0593q Up0.013, 0.084q N/A Lopez et al. (2019)

K2-138 e Up10.98, 14.95q Up0.0775, 0.0787q Up0.028, 0.125q N/A Lopez et al. (2019)

K2-138 f Up0.45, 3.75q Up0.1036, 0.1052q Up0.019, 0.126q N/A Lopez et al. (2019)

K2-138 g Up1.29, 9.58q Up0.2291, 0.2326q Up0.019, 0.122q N/A Lopez et al. (2019)

K2-266 b Mass-Radius˚ Up0.0129, 0.0133q 0˚ Up2, 5.1q Rodriguez et al. (2018)
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K2-266 c Mass-Radius˚ Up0.0668, 0.0690q Up0.012, 0.085q Up0.62, 0.801q Rodriguez et al. (2018)

K2-266 d Up5.1, 14.6q Up0.1018, 0.1051q Up0.015, 0.09q N/A Rodriguez et al. (2018)

K2-266 e Up9.3, 20.7q Up0.1229, 0.1268q Up0.013, 0.079q N/A Rodriguez et al. (2018)

K2-285 b Up8.31, 10.89q Up0.0373, 0.0391q 0˚ N/A Palle et al. (2019)

K2-285 c Up13.55, 17.96q Up0.0806, 0.0842q 0˚ N/A Palle et al. (2019)

K2-285 d Mass-Radius (M ă 6.5)˚ Up0.1149, 0.1207q 0˚ Up2.42, 2.54q Palle et al. (2019)

K2-285 e Mass-Radius (M ă 10.7)˚ Up0.1761, 0.1846q 0˚ Up1.9, 2q Palle et al. (2019)

K2-32 b Up1, 3.4q Up0.0486, 0.0494q Up0.013, 0.091q N/A Lillo-Box et al. (2020)

K2-32 c Up13.3, 16.8q Up0.0789, 0.0802q Up0.009, 0.062q N/A Lillo-Box et al. (2020)

K2-32 d Up5.7, 10.5q Up0.1373, 0.1396q Up0.014, 0.095q N/A Lillo-Box et al. (2020)

K2-32 e Up4.2, 9.2q Up0.1828, 0.1857q Up0.015, 0.103q N/A Lillo-Box et al. (2020)

K2-72 b Mass-Radius˚ Up0.0350, 0.0440q Up0.02234, 0.307q Up0.97, 1.19q Dressing et al. (2017)

K2-72 c Mass-Radius˚ Up0.0440, 0.0540q Up0.01767, 0.3178q Up0.89, 1.13q Dressing et al. (2017)

K2-72 d Mass-Radius˚ Up0.0680, 0.0850q Up0.01846, 0.312q Up1.03, 1.29q Dressing et al. (2017)

K2-72 e Mass-Radius˚ Up0.0930, 0.1150q Up0.02317, 0.3087q Up1.16, 1.43q Dressing et al. (2017)

KOI-94 b Up5.9, 15.1q Up0.0505, 0.0519q Up0.08, 0.42q N/A Weiss et al. (2013)

KOI-94 c Up0, 21.3q Up0.1000, 0.1026q Up0.2, 0.66q N/A Weiss et al. (2013)

KOI-94 d Up95, 117q Up0.1662, 0.1706q Up0, 0.06q N/A Weiss et al. (2013)

KOI-94 e Up7, 53q Up0.3006, 0.3086q Up0, 0.249q N/A Weiss et al. (2013)

Kepler-102 b Mass-Radius (M ă 1.1)˚ Up0.0547, 0.0557q 0˚ Up0.434, 0.486q Bonomo et al. (2023)

Kepler-102 c Mass-Radius (M ă 1.7)˚ Up0.0664, 0.0676q 0˚ Up0.539, 0.595q Bonomo et al. (2023)

Kepler-102 d Up1.7, 4.3q Up0.0854, 0.0869q 0˚ N/A Bonomo et al. (2023)

Kepler-102 e Up2.9, 6.5q Up0.1152, 0.1172q 0˚ N/A Bonomo et al. (2023)

Kepler-102 f Mass-Radius (M ă 4.3)˚ Up0.1641, 0.1671q 0˚ Up0.839, 0.883q Bonomo et al. (2023)

Kepler-107 b Up2.1, 5.6q Up0.0451, 0.0458q 0˚ N/A Bonomo et al. (2023)

Kepler-107 c Up8, 12q Up0.0602, 0.0611q 0˚ N/A Bonomo et al. (2023)

Kepler-107 d Mass-Radius (M ă 7.7)˚ Up0.0831, 0.0844q 0˚ Up0.8, 0.92q Bonomo et al. (2023)

Kepler-107 e Up10.8, 17.4q Up0.1254, 0.1274q 0˚ N/A Bonomo et al. (2023)

Kepler-11 b Up0.9, 3.3q Up0.0900, 0.0920q Up0.003, 0.113q N/A Lissauer et al. (2013)

Kepler-11 c Up1.3, 5.8q Up0.1060, 0.1080q Up0.013, 0.089q N/A Lissauer et al. (2013)

Kepler-11 d Up5.8, 8.1q Up0.1540, 0.1560q Up0.002, 0.011q N/A Lissauer et al. (2013)
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Kepler-11 e Up5.9, 9.5q Up0.1930, 0.1970q Up0.006, 0.018q N/A Lissauer et al. (2013)

Kepler-11 f Up1.1, 2.8q Up0.2480, 0.2520q Up0.004, 0.024q N/A Lissauer et al. (2013)

Kepler-11 g Mass-Radius (M ă 25)˚ Up0.4620, 0.4700q 0˚ Up3.25, 3.39q Lissauer et al. (2013)

Kepler-150 b Mass-Radius˚ Up0.0352, 0.0528q˚ 0˚ Up1.06, 1.44q Rowe et al. (2014)

Kepler-150 c Mass-Radius˚ Up0.0584, 0.0876q˚ 0˚ Up3.1, 4.28q Rowe et al. (2014)

Kepler-150 d Mass-Radius˚ Up0.0832, 0.1248q˚ 0˚ Up2.38, 3.2q Rowe et al. (2014)

Kepler-150 e Mass-Radius˚ Up0.1512, 0.2268q˚ 0˚ Up2.57, 3.67q Rowe et al. (2014)

Kepler-150 f Mass-Radius˚ Up0.7900, 1.5300q 0˚ Up3.25, 4.16q Schmitt et al. (2017)

Kepler-167 b Mass-Radius˚ Up0.0476, 0.0490q 0˚ Up1.648, 1.788q Chachan et al. (2022)

Kepler-167 c Mass-Radius˚ Up0.0674, 0.0694q 0˚ Up1.605, 1.743q Chachan et al. (2022)

Kepler-167 d Mass-Radius˚ Up0.1384, 0.1424q 0˚ Up1.174, 1.302q Chachan et al. (2022)

Kepler-167 e Up273.3, 371.9q Up1.8560, 1.9100q 0˚ N/A Chachan et al. (2022)

Kepler-169 b Mass-Radius˚ Up0.032, 0.048q˚ 0˚ Up1.05, 1.21q Rowe et al. (2014)

Kepler-169 c Mass-Radius˚ Up0.0496, 0.0744q˚ 0˚ Up1.13, 1.29q Rowe et al. (2014)

Kepler-169 d Mass-Radius˚ Up0.06, 0.09q˚ 0˚ Up1.16, 1.34q Rowe et al. (2014)

Kepler-169 e Mass-Radius˚ Up0.084, 0.126q˚ 0˚ Up1.91, 2.49q Rowe et al. (2014)

Kepler-169 f Mass-Radius˚ Up0.2872, 0.4308q˚ 0˚ Up2.34, 2.82q Rowe et al. (2014)

Kepler-172 b Mass-Radius˚ Up0.032, 0.048q˚ 0˚ Up1.93, 2.77q Rowe et al. (2014)

Kepler-172 c Mass-Radius˚ Up0.0544, 0.0816q˚ 0˚ Up2.33, 3.39q Rowe et al. (2014)

Kepler-172 d Mass-Radius˚ Up0.0944, 0.1416q˚ 0˚ Up1.85, 2.65q Rowe et al. (2014)

Kepler-172 e Mass-Radius˚ Up0.1688, 0.2532q˚ 0˚ Up2.2, 3.32q Rowe et al. (2014)

Kepler-186 b Mass-Radius˚ Up0.0297, 0.0389q 0˚ Up0.95, 1.19q Quintana et al. (2014)

Kepler-186 c Mass-Radius˚ Up0.0381, 0.0521q 0˚ Up1.11, 1.39q Quintana et al. (2014)

Kepler-186 d Mass-Radius˚ Up0.0681, 0.0881q 0˚ Up1.24, 1.56q Quintana et al. (2014)

Kepler-186 e Mass-Radius˚ Up0.0950, 0.1250q 0˚ Up1.13, 1.42q Quintana et al. (2014)

Kepler-186 f Mass-Radius˚ Up0.3790, 0.6030q Up0, 0.11q Up1.09, 1.25q Torres et al. (2015)

Kepler-197 b Mass-Radius˚ Up0.048, 0.072q˚ 0˚ Up0.98, 1.06q Rowe et al. (2014)

Kepler-197 c Mass-Radius˚ Up0.072, 0.108q˚ 0˚ Up1.19, 1.27q Rowe et al. (2014)

Kepler-197 d Mass-Radius˚ Up0.0952, 0.1428q˚ 0˚ Up1.12, 1.32q Rowe et al. (2014)

Kepler-197 e Mass-Radius˚ Up0.1312, 0.1968q˚ 0˚ Up0.87, 0.95q Rowe et al. (2014)

Kepler-20 b Up8.4, 11q Up0.0448, 0.0465q 0˚ N/A Bonomo et al. (2023)
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Kepler-20 c Mass-Radius (M ă 0.76)˚ Up0.0625, 0.0649q 0˚ Up0.799, 0.843q Bonomo et al. (2023)

Kepler-20 d Up9, 13.2q Up0.0918, 0.0954q 0˚ N/A Bonomo et al. (2023)

Kepler-20 e Mass-Radius (M ă 1.4)˚ Up0.1360, 0.1414q 0˚ Up0.865, 0.999q Bonomo et al. (2023)

Kepler-20 f Up9.8, 17.1q Up0.3407, 0.3541q 0˚ N/A Bonomo et al. (2023)

Kepler-208 b Mass-Radius˚ Up0.0432, 0.0648q˚ 0˚ Up1.33, 1.93q Rowe et al. (2014)

Kepler-208 c Mass-Radius˚ Up0.0632, 0.0948q˚ 0˚ Up1.13, 1.65q Rowe et al. (2014)

Kepler-208 d Mass-Radius˚ Up0.0824, 0.1236q˚ 0˚ Up0.97, 1.43q Rowe et al. (2014)

Kepler-208 e Mass-Radius˚ Up0.1056, 0.1584q˚ 0˚ Up1.2, 1.76q Rowe et al. (2014)

Kepler-215 b Mass-Radius˚ Up0.0672, 0.1008q˚ 0˚ Up1.22, 2.02q Rowe et al. (2014)

Kepler-215 c Mass-Radius˚ Up0.0904, 0.1356q˚ 0˚ Up1.35, 2.19q Rowe et al. (2014)

Kepler-215 d Mass-Radius˚ Up0.148, 0.222q˚ 0˚ Up1.84, 2.94q Rowe et al. (2014)

Kepler-215 e Mass-Radius˚ Up0.2512, 0.3768q˚ 0˚ Up1.34, 2.16q Rowe et al. (2014)

Kepler-220 b Mass-Radius˚ Up0.0368, 0.0552q˚ 0˚ Up0.76, 0.86q Rowe et al. (2014)

Kepler-220 c Mass-Radius˚ Up0.0608, 0.0912q˚ 0˚ Up1.48, 1.66q Rowe et al. (2014)

Kepler-220 d Mass-Radius˚ Up0.1304, 0.1956q˚ 0˚ Up0.92, 1.04q Rowe et al. (2014)

Kepler-220 e Mass-Radius˚ Up0.1808, 0.2712q˚ 0˚ Up1.21, 1.45q Rowe et al. (2014)

Kepler-221 b Mass-Radius˚ Up0.0296, 0.0444q˚ 0˚ Up1.54, 1.88q Rowe et al. (2014)

Kepler-221 c Mass-Radius˚ Up0.0472, 0.0708q˚ 0˚ Up2.66, 3.2q Rowe et al. (2014)

Kepler-221 d Mass-Radius˚ Up0.0696, 0.1044q˚ 0˚ Up2.48, 2.98q Rowe et al. (2014)

Kepler-221 e Mass-Radius˚ Up0.104, 0.156q˚ 0˚ Up2.38, 2.88q Rowe et al. (2014)

Kepler-224 b Mass-Radius˚ Up0.0304, 0.0456q˚ 0˚ Up1.3, 1.48q Rowe et al. (2014)

Kepler-224 c Mass-Radius˚ Up0.0464, 0.0696q˚ 0˚ Up2.86, 3.38q Rowe et al. (2014)

Kepler-224 d Mass-Radius˚ Up0.0712, 0.1068q˚ 0˚ Up2.16, 2.44q Rowe et al. (2014)

Kepler-224 e Mass-Radius˚ Up0.0992, 0.1488q˚ 0˚ Up1.82, 2.12q Rowe et al. (2014)

Kepler-235 b Mass-Radius˚ Up0.0296, 0.0444q˚ 0˚ Up2.13, 2.33q Rowe et al. (2014)

Kepler-235 c Mass-Radius˚ Up0.052, 0.078q˚ 0˚ Up1.2, 1.36q Rowe et al. (2014)

Kepler-235 d Mass-Radius˚ Up0.0976, 0.1464q˚ 0˚ Up1.95, 2.15q Rowe et al. (2014)

Kepler-235 e Mass-Radius˚ Up0.1704, 0.2556q˚ 0˚ Up1.93, 2.51q Rowe et al. (2014)

Kepler-24 b Mass-Radius˚ Up0.0408, 0.0612q˚ 0˚ Up1.28, 2.06q Ford et al. (2012)

Kepler-24 c Mass-Radius (M ă 508.5)˚ Up0.064, 0.096q˚ 0˚ Up1.92, 2.88q˚ Ford et al. (2012)

Kepler-24 d Mass-Radius (M ă 508.5)˚ Up0.0848, 0.1272q˚ 0˚ Up2.24, 3.36q˚ Rowe et al. (2014)
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Kepler-24 e Mass-Radius˚ Up0.1104, 0.1656q˚ 0˚ Up2.14, 3.42q Rowe et al. (2014)

Kepler-251 b Mass-Radius˚ Up0.0424, 0.0636q˚ 0˚ Up1.09, 1.57q Rowe et al. (2014)

Kepler-251 c Mass-Radius˚ Up0.0976, 0.1464q˚ 0˚ Up2.28, 3.26q Rowe et al. (2014)

Kepler-251 d Mass-Radius˚ Up0.1456, 0.2184q˚ 0˚ Up2.28, 3.26q Rowe et al. (2014)

Kepler-251 e Mass-Radius˚ Up0.3232, 0.4848q˚ 0˚ Up2.28, 3.26q Rowe et al. (2014)

Kepler-256 b Mass-Radius˚ Up0.0216, 0.0324q˚ 0˚ Up1.2, 1.98q Rowe et al. (2014)

Kepler-256 c Mass-Radius˚ Up0.036, 0.054q˚ 0˚ Up1.62, 2.68q Rowe et al. (2014)

Kepler-256 d Mass-Radius˚ Up0.0512, 0.0768q˚ 0˚ Up1.85, 3.11q Rowe et al. (2014)

Kepler-256 e Mass-Radius˚ Up0.0768, 0.1152q˚ 0˚ Up1.77, 2.93q Rowe et al. (2014)

Kepler-265 b Mass-Radius˚ Up0.0552, 0.0828q˚ 0˚ Up1.41, 2.31q Rowe et al. (2014)

Kepler-265 c Mass-Radius˚ Up0.1016, 0.1524q˚ 0˚ Up2.08, 3.18q Rowe et al. (2014)

Kepler-265 d Mass-Radius˚ Up0.1888, 0.2832q˚ 0˚ Up1.95, 3.03q Rowe et al. (2014)

Kepler-265 e Mass-Radius˚ Up0.2552, 0.3828q˚ 0˚ Up2.04, 3.14q Rowe et al. (2014)

Kepler-286 b Mass-Radius˚ Up0.0216, 0.0324q˚ 0˚ Up0.99, 1.49q Rowe et al. (2014)

Kepler-286 c Mass-Radius˚ Up0.0336, 0.0504q˚ 0˚ Up1.1, 1.64q Rowe et al. (2014)

Kepler-286 d Mass-Radius˚ Up0.0488, 0.0732q˚ 0˚ Up1.06, 1.6q Rowe et al. (2014)

Kepler-286 e Mass-Radius˚ Up0.1408, 0.2112q˚ 0˚ Up1.34, 2.2q Rowe et al. (2014)

Kepler-292 b Mass-Radius˚ Up0.028, 0.042q˚ 0˚ Up1.18, 1.46q Rowe et al. (2014)

Kepler-292 c Mass-Radius˚ Up0.036, 0.054q˚ 0˚ Up1.32, 1.62q Rowe et al. (2014)

Kepler-292 d Mass-Radius˚ Up0.0544, 0.0816q˚ 0˚ Up2.02, 2.44q Rowe et al. (2014)

Kepler-292 e Mass-Radius˚ Up0.0776, 0.1164q˚ 0˚ Up2.32, 3.02q Rowe et al. (2014)

Kepler-292 f Mass-Radius˚ Up0.1128, 0.1692q˚ 0˚ Up2.13, 2.57q Rowe et al. (2014)

Kepler-296 b Mass-Radius˚ Up0.0435, 0.0609q 0˚ Up1.68, 2.33q Barclay et al. (2015)

Kepler-296 c Mass-Radius˚ Up0.0660, 0.0920q 0˚ Up1.34, 1.9q Barclay et al. (2015)

Kepler-296 d Mass-Radius˚ Up0.0980, 0.1380q 0˚ Up1.77, 2.42q Barclay et al. (2015)

Kepler-296 e Mass-Radius˚ Up0.1410, 0.1980q 0˚ Up1.28, 1.8q Barclay et al. (2015)

Kepler-296 f Mass-Radius˚ Up0.2130, 0.2980q 0˚ Up1.5, 2.11q Barclay et al. (2015)

Kepler-299 b Mass-Radius˚ Up0.032, 0.048q˚ 0˚ Up1.05, 1.59q Rowe et al. (2014)

Kepler-299 c Mass-Radius˚ Up0.056, 0.084q˚ 0˚ Up2.02, 3.28q Rowe et al. (2014)

Kepler-299 d Mass-Radius˚ Up0.0944, 0.1416q˚ 0˚ Up1.48, 2.24q Rowe et al. (2014)

Kepler-299 e Mass-Radius˚ Up0.176, 0.264q˚ 0˚ Up1.48, 2.26q Rowe et al. (2014)
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Kepler-306 b Mass-Radius˚ Up0.04, 0.06q˚ 0˚ Up1.42, 1.62q Rowe et al. (2014)

Kepler-306 c Mass-Radius˚ Up0.0536, 0.0804q˚ 0˚ Up2.16, 2.54q Rowe et al. (2014)

Kepler-306 d Mass-Radius˚ Up0.096, 0.144q˚ 0˚ Up2.23, 2.71q Rowe et al. (2014)

Kepler-306 e Mass-Radius˚ Up0.1816, 0.2724q˚ 0˚ Up2.12, 2.42q Rowe et al. (2014)

Kepler-32 b Mass-Radius˚ Up0.0104, 0.0156q˚ 0˚ Up0.75, 0.89q Fabrycky et al. (2012)

Kepler-32 c Mass-Radius˚ Up0.0264, 0.0396q˚ 0˚ Up1.4, 1.6q Fabrycky et al. (2012)

Kepler-32 d Mass-Radius (M ă 1303)˚ Up0.04, 0.06q˚ 0˚ Up2, 2.4q Fabrycky et al. (2012)

Kepler-32 e Mass-Radius (M ă 158.9)˚ Up0.072, 0.108q˚ 0˚ Up1.8, 2.2q Fabrycky et al. (2012)

Kepler-32 f Mass-Radius˚ Up0.104, 0.156q˚ 0˚ Up2.5, 2.9q Fabrycky et al. (2012)

Kepler-33 b Mass-Radius˚ Up0.0663, 0.0691q 0˚ Up1.56, 1.92q Lissauer et al. (2012)

Kepler-33 c Mass-Radius˚ Up0.1164, 0.1214q 0˚ Up2.9, 3.5q Lissauer et al. (2012)

Kepler-33 d Mass-Radius˚ Up0.1627, 0.1697q 0˚ Up4.86, 5.84q Lissauer et al. (2012)

Kepler-33 e Mass-Radius˚ Up0.2093, 0.2183q 0˚ Up3.64, 4.4q Lissauer et al. (2012)

Kepler-33 f Mass-Radius˚ Up0.2481, 0.2589q 0˚ Up4.05, 4.87q Lissauer et al. (2012)

Kepler-341 b Mass-Radius˚ Up0.048, 0.072q˚ 0˚ Up0.56, 1.8q Rowe et al. (2014)

Kepler-341 c Mass-Radius˚ Up0.064, 0.096q˚ 0˚ Up0.84, 2.56q Rowe et al. (2014)

Kepler-341 d Mass-Radius˚ Up0.1456, 0.2184q˚ 0˚ Up0.91, 2.79q Rowe et al. (2014)

Kepler-341 e Mass-Radius˚ Up0.1936, 0.2904q˚ 0˚ Up0.96, 3.02q Rowe et al. (2014)

Kepler-402 b Mass-Radius˚ Up0.0408, 0.0612q˚ 0˚ Up0.98, 1.46q Rowe et al. (2014)

Kepler-402 c Mass-Radius˚ Up0.0544, 0.0816q˚ 0˚ Up1.21, 1.91q Rowe et al. (2014)

Kepler-402 d Mass-Radius˚ Up0.0696, 0.1044q˚ 0˚ Up1.11, 1.65q Rowe et al. (2014)

Kepler-402 e Mass-Radius˚ Up0.0816, 0.1224q˚ 0˚ Up1.17, 1.75q Rowe et al. (2014)

Kepler-444 b Mass-Radius˚ Up0.0410, 0.0426q Up0.06, 0.37q Up0.389, 0.419q Campante et al. (2015)

Kepler-444 c Mass-Radius˚ Up0.0479, 0.0497q Up0.16, 0.43q Up0.48, 0.518q Campante et al. (2015)

Kepler-444 d Mass-Radius˚ Up0.0589, 0.0611q Up0.06, 0.34q Up0.511, 0.552q Campante et al. (2015)

Kepler-444 e Mass-Radius˚ Up0.0683, 0.0709q Up0.03, 0.3q Up0.531, 0.563q Campante et al. (2015)

Kepler-444 f Mass-Radius˚ Up0.0796, 0.0826q Up0.1, 0.49q Up0.701, 0.782q Campante et al. (2015)

Kepler-62 b Mass-Radius (M ă 9)˚ Up0.0548, 0.0558q 0˚ Up1.27, 1.35q Borucki et al. (2013)

Kepler-62 c Mass-Radius (M ă 4)˚ Up0.0920, 0.0938q 0˚ Up0.51, 0.57q Borucki et al. (2013)

Kepler-62 d Mass-Radius (M ă 14)˚ Up0.1190, 0.1210q 0˚ Up1.88, 2.02q Borucki et al. (2013)

Kepler-62 e Mass-Radius (M ă 36)˚ Up0.4230, 0.4310q 0˚ Up1.56, 1.66q Borucki et al. (2013)
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Kepler-62 f Mass-Radius (M ă 35)˚ Up0.7110, 0.7250q 0˚ Up1.34, 1.48q Borucki et al. (2013)

Kepler-79 b Up4.9, 18.3q Up0.1150, 0.1190q Up0.009, 0.027q N/A Jontof-Hutter et al. (2014)

Kepler-79 c Up3.6, 7.8q Up0.1840, 0.1890q Up0.009, 0.057q N/A Jontof-Hutter et al. (2014)

Kepler-79 d Up4.4, 8.1q Up0.2830, 0.2910q Up0.002, 0.084q N/A Jontof-Hutter et al. (2014)

Kepler-79 e Up3, 5.3q Up0.3810, 0.3910q Up0.007, 0.056q N/A Jontof-Hutter et al. (2014)

Kepler-82 b Mass-Radius˚ Up0.0272, 0.0408q˚ 0˚ Up1.5, 2.04q Freudenthal et al. (2019)

Kepler-82 c Mass-Radius˚ Up0.0504, 0.0756q˚ 0˚ Up2.1, 2.84q Freudenthal et al. (2019)

Kepler-82 d Up11.28, 13.11q Up0.1663, 0.1703q Up0.00313, 0.0052q N/A Rowe et al. (2014)

Kepler-82 e Up12.7, 15.2q Up0.2594, 0.2658q Up0.0052, 0.0086q N/A Rowe et al. (2014)

TOI-1246 b Up7, 9.2q Up0.0470, 0.0510q 0˚ N/A Turtelboom et al. (2022)

TOI-1246 c Up7.6, 10q Up0.0590, 0.0630q 0˚ N/A Turtelboom et al. (2022)

TOI-1246 d Up3.6, 7q Up0.1270, 0.1350q 0˚ N/A Turtelboom et al. (2022)

TOI-1246 e Up12.5, 17.1q Up0.2040, 0.2180q 0˚ N/A Turtelboom et al. (2022)

TOI-178 b Up1.06, 1.89q Up0.0253, 0.0268q 0˚ N/A Leleu et al. (2021)

TOI-178 c Up4.09, 5.32q Up0.0359, 0.0381q 0˚ N/A Leleu et al. (2021)

TOI-178 d Up1.98, 3.81q Up0.0574, 0.0610q 0˚ N/A Leleu et al. (2021)

TOI-178 e Up2.92, 5.11q Up0.0759, 0.0806q 0˚ N/A Leleu et al. (2021)

TOI-178 f Up6.2, 9.39q Up0.1008, 0.1070q 0˚ N/A Leleu et al. (2021)

TOI-178 g Up2.32, 5.25q Up0.1236, 0.1313q 0˚ N/A Leleu et al. (2021)

TOI-561 b Up1.77, 2.23q Up0.0105, 0.0107q 0˚ N/A Lacedelli et al. (2022)

TOI-561 c Up4.71, 6.08q Up0.0875, 0.0893q Up0.009, 0.065q N/A Lacedelli et al. (2022)

TOI-561 d Up12.3, 14.2q Up0.1560, 0.1600q Up0.074, 0.176q N/A Lacedelli et al. (2022)

TOI-561 e Up11.2, 14q Up0.3250, 0.3310q Up0.029, 0.137q N/A Lacedelli et al. (2022)

TOI-700 b Mass-Radius˚ Up0.0666, 0.0688q Up0.021, 0.168q Up0.865, 0.967q Gilbert et al. (2023)

TOI-700 c Mass-Radius˚ Up0.0914, 0.0944q Up0.019, 0.138q Up2.47, 2.74q Gilbert et al. (2023)

TOI-700 d Mass-Radius˚ Up0.1318, 0.1362q Up0.017, 0.116q Up0.878, 1.042q Gilbert et al. (2023)

TOI-700 e Mass-Radius˚ Up0.1606, 0.1660q Up0.012, 0.087q Up1.019, 1.132q Gilbert et al. (2023)

TRAPPIST-1 b Up1.305, 1.443q Up0.0114, 0.0116q 0˚ N/A Agol et al. (2021)

TRAPPIST-1 c Up1.252, 1.364q Up0.0157, 0.0159q 0˚ N/A Agol et al. (2021)

TRAPPIST-1 d Up0.376, 0.4q Up0.0221, 0.0225q 0˚ N/A Agol et al. (2021)

TRAPPIST-1 e Up0.67, 0.714q Up0.0268, 0.0318q 0˚ N/A Agol et al. (2021)
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TRAPPIST-1 f Up1.008, 1.07q Up0.0382, 0.0388q 0˚ N/A Agol et al. (2021)

TRAPPIST-1 g Up1.283, 1.359q Up0.0464, 0.0472q 0˚ N/A Agol et al. (2021)

TRAPPIST-1 h Up0.306, 0.346q Up0.0614, 0.0624q 0˚ N/A Agol et al. (2021)

V1298 Tau b Mass-Radius˚ Up0.0812, 0.0838q 0˚ Up5.27, 5.95q David et al. (2019)

V1298 Tau c Mass-Radius˚ Up0.1066, 0.1100q 0˚ Up6.01, 6.86q David et al. (2019)

V1298 Tau d Mass-Radius˚ Up0.1662, 0.1714q 0˚ Up9.74, 10.85q David et al. (2019)

V1298 Tau e Mass-Radius˚ Up0.2420, 0.4900q 0˚ Up8.02, 9.58q David et al. (2019)

32


	Introduction
	Methodology
	Determination of Sample Planets
	Simulation Priors
	N-Body Simulation

	Results
	System by System Priors

