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• Using neural network 

trained on a library of  theoretical transit light curves

• Analysis of  171,359 Kepler light curves

• ➔ Output : List of  17 high-confidence exocometary transits, 

- 7 previously reported events

- 10 new exocomets transits

Submitted to A&A on June, 20, 2025



Detection of  small bodies as comets 

• Comets = small bodies with evaporation signature

(evaporation of volatile, from a body on an eccentric orbit)

➔ Small bodies can be detected when they are comets !!

• Detection of the coma and/or tail 
➔ up to several millions kilometers in size
➔ detection through 

transit observations in extrasolar systems



Detection of  small bodies as comets 

• Detection 
of the two components 

– Gas (spectroscopy)

– Dust (photometry)

• Exocomets can be detected in spectroscopy
through the transit signature of the gaseous coma

• Exocomets can be detected in photometry
through the transit signature of the dust tail
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Discovery of  the 1st exocomets
Ferlet et al. (1987); Lagrange et al. (1988) Beust et al. (1990-2004)

Spectroscopic transits of  exocomets

in the young planeary system of  β Pictoris 

(Ferlet et al. 1987)

Spectrum of  the star

β Pictoris (CaII line)

(Ferlet et al. 1987)
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Stable Composante

of  the gaseous disk
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Discovery of  the 1st exocomets
Ferlet et al. (1987); Lagrange et al. (1988) Beust et al. (1990-2004)

Spectroscopic transits of  exocomets

in the young planeary system of  β Pictoris 

(Ferlet et al. 1987)

Variable absorptions 

at large radial velocity

(Ferlet et al. 1987)



Numerical simulations 

of  exocomets transits
(Beust et al. 1990-2004)



Toward composition measurement
Ions abundance in 30 β Pic exocomets

(Vrignaud & Lecavelier 2025)
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Toward composition measurement
Ions abundance in 30 β Pic exocomets

(Vrignaud & Lecavelier 2025)

The Ca+/Fe+ ration 

is always ~0.1 solar

The Ni+/Fe+ ratio 

is always ~1.5 solar

The Al2+/Fe+ ratio

is variable from

one comet to another

➔ Cycle 32 HST program to obtain exocomet spectra on wide wavelength range
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• Exocomets can be detected in spectroscopy
through the transit signature of the gaseous coma

• Exocomet can be detected in photometry
through the transit signature of the dust tail



Photometric detection of  exocomets 
Lecavelier, Vidal-Madjar & Ferlet (1999) ; Lecavelier (1999)



Simulation with production rate P = 2·106 kg/s 

and periastron q = 1 ua

Photometric detection of  exocomets 
Lecavelier et al. (1999)



A library of  

exocomets photometric transits
(Lecavelier 1999b)



A library of  exocometary transits

As a function of  periastronAs a function of periastron As function of 
longitude of periastron



Transit for P = 5 x105 kg/s 

  at q = 2 UA and ω=90°



Transit for P = 5 x105 kg/s at q=2 UA, ω=90°,  3σ = 10-4  for texp=1h
 Planetary fit :  a = 2 AU ;  Rp= 9000 km



• 3 transits of ~0.1% during about 1 day

• 3 shorter and shalower transits

• ~mass of the comet Halley in 300 days.

• 1 exocomet transit for KIC 11084727

Detection of  exocomets with Kepler

in KIC 3542116 and KIC 11084727
Rappaport et al. (2018)

KIC 3542116 KIC 3542116KIC 3542116

KIC 3542116KIC 3542116 KIC 3542116



Photometric detection  with TESS
Zieba et al. (2019)



Simulation (1999) 

with P = 2·106 kg/s and q = 1 ua 
TESS Observation (2019) 
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Simulation (1999) 

with P = 2·106 kg/s and q = 1 ua 
TESS Observation (2019) 

Photometric detection  with TESS



New exocomets discovered 

with TESS observations
Lecavelier et al. (2022), see also Pavlenko et al. (2022)
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New exocomets discovered 

with TESS observations
Lecavelier et al. (2022), see also Pavlenko et al. (2022)
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Detection de 30 exocomets in 156 days of observations



Exocomets size distribution 

in the β Pictoris planetary system
Lecavelier, Cros, Hébrard et al. (2022)

30 exocomets detected in 156 days of TESS observations

https://www.iap.fr/users/lecaveli/BetaPic_exocomets_en/Images/Histogram_EN.PNG


• Size distribution : 

dN(R) ∝ R−3.6

• Same as 

in Solar System !

• Signature of  

collisional history



A new search for exocomet in Kepler data

Previous searches in Kepler data (Rappaport et al. 2018, Kenedy et al. 2019) 

yielded 3 exocometary systems

(Lecavelier et al. 1999)

At a few 10-4 accuracy, 

~10 detections for 30,000 star-years 

observation of  solar type systems. 

➔ Kepler (600,000 star-years) 

should yield ~200 exocomets transits. 



A new library of  exocomets photometric transits
Lecavelier et al.

NEW SIMULATIONS ::
 - Higher accuracy 
 - Better sampling of Production rates and parameters space
 - Kepler time cadence and Kepler photometric band



A new search for exocomet in Kepler data

• Implementation of  a neural network

→ Input :      10-days Kepler light curve segment

→Output :   1) probability of  detection

2) time of  the transit on the LC



A new search for exocomet in Kepler data

• Implementation of  a neural network

• Training using the theoretical light curves and Kepler light curves 

(labeled light curves with and without theoretical transits)

→ supervised learning
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A new search for exocomet in Kepler data

• Implementation of  a neural network

• Training using the theoretical light curves and Kepler light curves 

(labeled light curves with and without theoretical transits)

• With a threshold of  0.99 

the “precision” (true positive rate) is 99.8%, FPR ~ 1 – 2  ‰ 

the “recall” (efficiency of  finding real transits) is 79,1% 

➔ loss of  ~20%

• About 106   “10-days” light curves per quarter (with ~10 real transits)

➔ 103 candidate detections per quarter

➔ Need for further selection criteria : 

• Shape of  the light curve fitted with exocomet model

• Detection of  extra noise using RMS, … 

➔ ~ 50 – 100 candidates per quarter

➔ Final validation through visual inspection



A new search for exocomet in Kepler data

After visual inspection to eliminate obvious false positives, 

➔ 1st -Tier (best) catalog of  17 exocomets transits, 

10 new detections

➔ 2nd -Tier (good) catalog of  40 exocomets transits

➔ 3rd -Tier catalog of  49 symmetric transits 

that can be fitted by exocometary or exoplanetary single transit.

→ To be compared to the ~200 exocomets transits in Kepler data 



A new search for exocomet in Kepler data

➔ 1st -Tier (best) catalog of  17 exocomets transits, 10 new detections



A new search for exocomet in Kepler data

➔ 2nd -Tier (good) catalog of  40 exocomets transits



Application to PLATO data

PLATO will provide 245,000 stars over >4 years in the P5 sample

➔ 106 star-years at ~100 ppm 

➔ 2000 – 3000 exocomets transits (if  solar activity) 

➔ PLATO will be a game-changer in exocomets studies



Thank you !



A la recherche d’autres Terres

The end



Thank you !



Thank you !
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