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Search for exocomets transits in Kepler light curves

Ten new transits identified

P. Dumond!-?, A. Lecavelier des Etangs!, F. Kiefer"-3, G. Hébrard!, and V. Caill¢!-*
Submitted to A&A on June, 20, 2025

* 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
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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




Transits of exocomets

 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




Transits of exocomets

 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




Discovery of the 1 exocomets
Ferlet et al. (1987); Lagrange et al. (1988) Beust et al. (1990-2004)
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Fig. 1. Enlarged spectra of § Pic in the
region of the circumstellar Ca11-K line, in
an heliocentric velocity scale. They have
been normalized in order for the
“continua” (the stellar line widened by
rotation) to coincide. To avoid confusion
due to its much lower signal to noise ratio,
the 1985, March 9 spectrum has not been
plotted. Variations during 1986, January
17 are studied in Fig, 2

(Fetlet et al. 1987)

Spectroscopic transits of exocomets

in the young planeary system of 3 Pictoris




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

o
(=)
oo

RELATIVE INTENSITY IN ARBITRARY UNITS

‘g Stable Composante |
of the gaseous disk

14— 1984 oct. 20
L ---- 1984 nov.13
L — 1985 oct.6
b == 1986 jan.10
=== 1986 jan.11

o;.lA..Al ......... Laa oo b o o s ot o s o doasaa oo s o b s ool
v * N

-60 -40 -20 0 20 40 60 80 100 120

HELIOCENTRIC VELOCITY (KM/S)

Fig. 1. Enlarged spectra of f Pic in the
region of the circumstellar Ca11-K line, in
an heliocentric velocity scale. They have
been normalized in order for the
“continua” (the stellar line widened by
rotation) to coincide. To avoid confusion
due to its much lower signal to noise ratio,
the 1985, March 9 spectrum has not been
plotted. Variations during 1986, January
17 are studied in Fig. 2

(Fetlet et al. 1987)

Spectroscopic transits of exocomets
in the young planeary system of 3 Pictoris




Discovery of the 1 exocomets
Ferlet et al. (1987); Lagrange et al. (1988) Beust et al. (1990-2004)
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“continua” (the stellar line widened by
rotation) to coincide. To avoid confusion
due to its much lower signal to noise ratio,
the 1985, March 9 spectrum has not been
plotted. Variations during 1986, January
17 are studied in Fig. 2

(Fetlet et al. 1987)

Spectroscopic transits of exocomets

in the young planeary system of 3 Pictoris




ARBITRARY UNITS

STELLAR RADII

Numerical simulations

of exocomets transits

(Beust et al. 1990-2004)
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Toward composition measurement
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Toward composition measurement

Ions abundance in 30 3 Pic exocomets
(Vrighaud & Lecavelier 2025)
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Toward composition measurement

Ions abundance in 30 3 Pic exocomets
(Vrighaud & Lecavelier 2025)
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Toward composition measurement

Ions abundance in 30 3 Pic exocomets
(Vrighaud & Lecavelier 2025)
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Toward composition measurement

Ions abundance in 30 3 Pic exocomets
(Vrignaud & Lecavelier 2025)
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2 Cycle 32 HST program to obtain exocomet spectra on wide wavelength range



Transits of exocomets

 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




Transits of exocomets

 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)

Astron. Astrophys. 343, 916-922 (1999) ASTRONOMY
AND
ASTROPHYSICS

Photometric stellar variation due to extra-solar comets

A. Lecavelier des Etangs, A. Vidal-Madjar, and R. Ferlet

Institut d’ Astrophysique de Paris. CNRS. 98bis Boulevard Arago. F-75014 Paris. France

ASTRONOMY & ASTROPHYSICS NOVEMBER II 1999, PAGE 15
SUPPLEMENT SERIES
Astron. Astrophys. Suppl. Ser. 140, 15-20 (1999)

A library of stellar light variations due to extra-solar comets

A. Lecavelier des Etangs!

Institut d’Astrophysique de Paris, CNRS, 98bis Boulevard Arago, F-75014 Paris, France



Photometric detection of exocomets
Lecavelier et al. (1999)
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A library of
exocomets photometric transits

(Lecavelier 1999b)
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A library of exocometary transits
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Detection of exocomets with Kepler
in KIC 3542116 and KIC 11084727

Rappaport et al. (2018)
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Photometric detection with TESS
Zieba et al. (2019)

LETTER TO THE EDITOR

Transiting exocomets detected in broadband light by TESS in the 8
Pictoris system*

S. Zieba!, K. Zwintz!, M. A. Kenworthy?, and G. M. Kennedy?

! Universitit Innsbruck, Institut fiir Astro-und Teilchenphysik,TechnikerstraBe 25, 6020 Innsbruck, Austria
e-mail: konstanze.zwintz@uibk.ac.at

Leiden Observatory, Leiden University, PO Box 9513, 2300 RA Leiden, The Netherlands

Department of Physics, University of Warwick, Gibbet Hill Road, Coventry CV4 7AL, UK

(3]

(58]

Received 26 March 2019 / Accepted 18 April 2019

ABSTRACT

Aims. We search for signs of falling evaporating bodies (FEBs, also known as exocomets) in photometric time series obtained for 8
Pictoris after fitting and removing its ¢ Scuti-type pulsation frequencies.

Methods. Using photometric data obtained by the TESS satellite we determined the pulsational properties of the exoplanet host star 5
Pictoris through frequency analysis. We then pre-whitened the 54 identified ¢ Scuti p-modes and investigated the residual photometric
time series for the presence of FEBs.

Results. We identify three distinct dipping events in the light curve of g Pictoris over a 105-day period. These dips have depths from
0.5 to 2 millimagnitudes and durations of up to 2 days for the largest dip. These dips are asymmetric in nature and are consistent with
a model of an evaporating comet with an extended tail crossing the disc of the star

Conclusions. We present the first broadband detections of exocomets crossing the disc of 3 Pictoris, complementing the predictions
made 20 years earlier by Lecavelier Des Etangs et al. (1999, A&A, 343, 916). No periodic transits are seen in this time series.
These observations confirm the spectroscopic detection of exocomets in calcium H and K lines that have been seen in high resolution
spectroscopy.



Photometric detection with TESS
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Photometric detection with TESS

Simulation (1999)
with P = 2:10° kg/s and q = 1 ua
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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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New exocomets discovered

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

1.0005

‘ f o o4 . > l"r B i ®
S ‘? % af*- 0" T e 0 ...'.“—"f ) _\ K . & ..?'__.
*";""ﬁ"& ::, .fv : -W"-v ".v;'i \l = m_g..f@'{____ . ,:??;:‘ ,;.'il ;. ’k !. L&Y
A , . K "'i ’

P - .f “":\
1.0000 ‘g,qw\u"; ‘f-

0.9995

0.9990 20 1 8

0.9985

1.0005

=
o
(=]
(=]
o

0.9995

0.9990

- Luminosity =

2021

0.9985

Detection de 30 exocomets in 156 days of observations




Exocomets size distribution

in the 5 Pictoris planetary system
Lecavelier, Cros, Hébrard et al. (2022)

30 exocomets detected in 156 days of TESS observations
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https://www.iap.fr/users/lecaveli/BetaPic_exocomets_en/Images/Histogram_EN.PNG

www.nature.com/scientificreports

scientific reports

Exocomets size distribution in the 8
Pictoris planetary system

Alain Lecavelier des Etangs*?, Lucie Cros™?, Guillaume Hébrard*3, Eder Martioli'*,
Marc Duquesnoy®, Matthew A. Kenworthy?®, Flavien Kiefer':®, Sylvestre Lacour?,
Anne-Marie Lagrange®, Nadége Meunier’ & Alfred Vidal-Madjar!
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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

At a few 10 accuracy,
1 ~10 detections for 30,000 star-years
o, 1 observation of solar type systems.

=> Kepler (600,000 star-years)
should yield ~200 exocomets transits.
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A new library of exocomets photometric transits

l.ecavelier et al.

Astron. Astrophys. Suppl. Ser. 140, 15-20 (1999)

A library of stellar light variations due to extra-solar comets

A. Lecavelier des Etangs!

NEW SIMULATIONS ::

- Higher accuracy

- Better sampling of Production rates and parameters space
- Kepler time cadence and Kepler photometric band

Size distribution

Stellar type

Production

Periastron

w Impact parameter
name name (kg s~!) name | (AU) name (°) name (°) name | (R«) name
sp = 0.20 pm 20 M 104 20 0.3 03 —157.5 mT7 157.5 p7 0 00
s0 =0.05 pm, n = 4.2 K 103 30 0.5 05 —135.0 m6 135.0 p6 0.33 03
G 104 40 0.7 07 —112.5 mb5 112.5 p5 0.66 06
sp = 0.25 pm 25 F 105 50 1.0 10 —90.0 m4 90.0 p4 1.00 10
so0=0.1 pm, n = 4.2 A 106 60 1.5 15 —67.5 m3 67.5 p3 1.33 13
2.0 20 —45.0 m2 45.0 p2 1.66 16
sp = 0.50 pm 50 —22.5 ml 225 pl
s0=0.1 pm, n = 4.2 0.0 00




A new search for exocomet in Kepler data

* Implementation of a neural network
=2 Input:  10-days Kepler light curve segment

= Output: 1) probability of detection
2) time of the transit on the LC

Input light curve (480x1)
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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)

—> supervised learning



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 %o
the “recall” (etficiency of finding real transits) 1s 79,1%
=> loss of ~20%
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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 %o
the “recall” (etficiency of finding real transits) 1s 79,1%

=> loss of ~20%

1.01

0.8 1

0.6 1

Recall

0.4

0.2 4

0.0

r

00 02 04 06 08
False positive rate

1.0

Precision

1.0

0.9 -

e
0

e
~

o
o

W

0.0

0.2

0.4 06
Recall

0.8 1.0

AUC = 0.986 to 0.994



A new search for exocomet in Kepler data

Implementation ot 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 %o
the “recall” (etficiency of finding real transits) 1s 79,1%
=> loss of ~20%

About 10° “10-days” light curves per quarter (with ~10 real transits)
=> 10° 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,

=> 15t -Tier (best) catalog of 17 exocomets transits,
10 new detections

=>» 27 Tier (good) catalog of 40 exocomets transits

=> 3 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

=> 15t -Tier (best) catalog of 17 exocomets transits, 10 new detections
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Flux variation x(10~%)

Flux variation x(10~%)
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A new search for exocomet in Kepler data

=>» 214 _Tier (good) catalog of 40 exocomets transits
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Application to PLATO data

PLATO will provide 245,000 stars over >4 years in the P5 sample
=>» 10° star-years at ~100 ppm

=>» 2000 — 3000 exocomets transits (if solar activity)

=>» PLATO will be a game-changer in exocomets studies



Thank you !
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