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What is an occurrence
rate?



Mass

How common are planets in this
region of parameter space?

Can be formulated a few different
ways: “planets-here-per-star”,
“stars-with-a planet-here’, ...

Orbital Period



How are occurrence
rates calculated?



Survey as large a sample of stars as
A is feasible

Find the rate of detected planets in
the box you care about

Mass

Correct for the number of potentially
missed planets (completeness
factor)

Orbital Period



What is completeness?



In how many systems would we

Two ways of thinking of it

have detected a planet?

Based purely on “detection” limits
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In how many systems can we
exclude the presence of a planet?

Including regions that are excluded
based on stability
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Which philosophy is
better?



The experiment
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Completeness —
always increases

Occurrence rates based on dynamical limits must be lower than those
based on data-driven limits



The experiment

Use a synthetic sample of planets containing a Gas-Giant and (potentially)
inner planets

Calculate detection limits and detect planets using

Calculate occurrence rates 3 ways:

e One for the “truth” Stalport et al. 2025
e One with data-driven limits

e One with dynamical limits



Synthetic sets of planets

Use three different planet populations:

1. Simple 1: randomly inject 1 gas giant and between 0-4 terrestrial planets
(ensuring no planets closer than a period ratio of 3:2). Simulate 500 systems

2. Simple 2: same as Simple 1 with a different mass distribution
3. Realistic: use a population of planetary systems which are the outcome of

the Bern model (Alibert et al. 2005, Emsenhuber et al. 2023) selecting ones
with gas giants. This has 125 systems



For each system use the same timeseries of 650 points spread over 10 years

Don’t add planets to the data just Gaussian white noise (range of different amplitudes)
Calculate data-driven detection limits using ARDENT

If planets are above detection limit class as “detected”, if below “undetected”

Add in detected planets to ARDENT model and calculate Dynamical limits



fpl

1 Np 1 Calculate planetary rate (as in Mayor et al. 2011)
N* Z C ~————— Completeness calculated for each planet rather
1=0 than in a box
1 & N
* For the “truth” we say that we have detected all the
N N planets and that the detection limit is O everywhere
Np

Z NDL<M



Results



Result seems to depend on what “box” is considered
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Occurrence rates can be impacted by including dynamics and stability into
the calculation of detection limits

We run an analysis on synthetic populations of planets: in most cases the
inclusion of dynamics biases the occurrence rates to be too small

Care should be taken if using this method to be sure it is appropriate

Plan to extend to other methods occurrence rate calculation to see the
difference
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Planetary rate (as in Mayor et al. 2011)

N. the number of stars
Np the number of detected planets
C. the completeness at the location of planet i

C.is the fraction of detection limits in the whole
sample that are below the mass of planet i

We can eliminate the number of stars from this
equation



Consider 2 systems each with a
planet detected.

With data-driven: f | =0.5+1=1.5
With dynamical: f = 0.5+ 0.5 = 1 NoLawzy 1(DD)or 2 (Dyn

Therefore it will always be the case

that: —
fpl,Dyn < fpl,DD



Other method where the
completeness is calculated in a
box and then applied to the
planets:

Similarly completeness can only

be increased when DD -> Dyn

Occurence rate can only
decrease.







