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A Bayesian approach to assessing the sensitivity of detecting planets in photometric data

NEW METHOD!

We want to measure 
the occurrence rates 
of exoplanets around 

late-type M dwarfs

We want to find where our detection limit lies for a given photometric dataset

This will help inform occurrence rates by assessing our completeness using 
detection limits

EXOPLANET 
DETECTION LIMITS

We are asking the question  

“what is compatible with the data?”

What remains formally undetected?

THIS IS NOT INJECTION recovery

 
How are we doing it 

for photometry?

The approach is more complex for applications to 
transits. 

Unlike RV data, there is not a signal 
across the entire orbit of the planet.

Batman [4] + dynesty [5] python 
packages. 

Priors on model parameters are 

either large + uniform 

( ) or informed from the 

current transiting exoplanet 

population ( ) 

Tens of thousands of models are 
proposed. Models are either 

rejected if not compatible with 

signal-less data, or accepted as a 
compatible solution.

t0, P, Rp/R⋆, ω

e, i

Method

Wow! Bayesian!

600,000 posterior solutions!

For a given period + semi-
amplitude under the purple line,  

the rv signal produced could 
exist in the data. 

Its “hidden” in the noise and 
remains formally undetected. 

Everything above the purple line 
would have been detected. 

[4]Kreidberg, L., 
“batman: BAsic 
Transit Model 
cAlculatioN in 

Python” 

[5]Speagle, J. S., 
“DYNESTY: a 

dynamic nested 
sampling package 

for estimating 

From [3] 

[3]Baycroft. T et al., “BEBOP 
VII. SOPHIE discovery of 

BEBOP-3b, a circumbinary 
giant planet on an 

eccentric orbit” 

References 

[2]Faria, J. P., Santos, 
N. C., Figueira, P., and 
Brewer, B. J., “kima: 

Exoplanet 
detection in radial 

[1]Dévora-Pajares, M. and 
Pozuelos, F. J., “MATRIX: 
Multi-phAse Transits 
Recovery from Injected 
eXoplanets” 

Coming 
2025/26!

Problem 1

Problem 2

Only tests for 
a very specific 
set of planet 

parameters.

Each recovery is 
computationally 

intense: coarse 
grids used

Computation time ~ 5 days 

Holes in the dataset have big 
impacts on exoplanet detections.

Problem 3

Problem4

My planet signal cannot 
exist in signal-less data 

I would have been 
detected 

I’m the detection Limit!  
(99% confidence) 

I would not have 
been detected 

My planet signal 
can exist in 

signal-less data Radial velocity 
detection limits

Solutions 
compatible with 

signal-less 
data

Known planet 

Solutions 
compatible with 

signal-less 
data

Kima is a python 
package for the 
detection and 

characterisation 
of exoplanet 

signals in in radial 
velocity data 

This has been done 
for radial velocity 

data  
using kima [2]

I’m the detection Limit!  
(99% confidence) 

Advantages  
compared to injection 

recovery 

Bayesian 

Non-discrete 
solution grid 

4 more parameters 
drawn from 
distributions 

~ faster 20 ×

 more 
solutions 

100s − 1000s

Computation time ~ < 5 hours

Injection-recovery
Simulated set of planetary transits 
injected into data. Recovery of 
signal attempted with e..g. bls, tls. I’m not recovered

I’m recovered!

not bayesian

Each model is a compatible solution 

WOW! 
Occurrence 

rates!
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