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• Analyzing new HST data, we estimate for the first time 

volatile/refractory ratios in 3 exocomets.  

• We found high ratio C/Fe ratio (~20–30)  

similar to the ones of  Solar system comets (1P and 67P)

➔ Exocomets can transport volatile into the habitable zone  

In preparation



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)

(Ferlet et al. 1987)



Discovery of  the 1st exocomets
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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)



➔ After more than 30 years of  observation

• The exocomets scenario is widely accepted 
to interpret the spectroscopic transits 

• The orbital properties are known for β Pic exocomets

• The cometary gas is observed in details

• Scenarios are proposed for the exocomets dynamical origin

Nonetheless,

• Only a few exocometary systems identified

• Physical properties of the nucleus (size) remained unknown

• Chemical composition remained unknown
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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)



• 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)

Photometric detection with TESS
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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



Fe II Fe II Fe II Fe II Fe II

Exocomets characterization with archival HST data

The population of excited levels of Fe+, Ni+ and Cr+
(Vrignaud & Lecavelier, 2024)

➢Detection of 

of 94 Fe II lines

in 1997-12-06 comet



➢The excitation diagram 

of Fe+ in the comet
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The population of excited levels of Fe+, Ni+ and Cr+
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in 1997-12-06 comet



➢The excitation diagram 

of Fe+ in the comet T ~ 8000K 

~ Stellar effective temperature !
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Exocomets characterization with archival HST data

The population of excited levels of Fe+, Ni+ and Cr+
(Vrignaud & Lecavelier, 2024)

➢Detection of 

of 94 Fe II lines

in 1997-12-06 comet

➢The gaseous tail 

of the comet is 

in a radiative regime

➢ Low density (< 106 cm-3) 

➢ Close transit distance (<50 R*)



Ions abundances in 30 β Pic exocomets 

from HST archival data (1997-2024)

(Vrignaud & Lecavelier 2025)



New 2025 HST observations 
to measure β Pic exocomets composition

(Vrignaud et al. 2024)

• Wide wavelength coverage from 1200 Å to 2900 Å

➔ simultaneous coverage of  Fe, C, S, Ti, Mg, Mn, Si Cr, Co, Zn, Ni, Al

• 4 visits→ warranty exocomets transit detections

→ Executed in April, September, October 2025 



Large distance for the cometary tails
(Vrignaud & Lecavelier 2025)

• Measurements of the tail distance using excitation levels population

➔ independent estimates for Fe +, Ni + and Cr+

• Exocometary tails transit at unexpected large distances to the star, 

up to ~5 au !!



Composition measurement for 5 exocomets
(Vrignaud & Lecavelier 2026, in preparation)

• Solar abundances for the refractory species

• Clear relationship between ionization level and ionization potential 

➔ derivation of  the total species abundances



Simultaneous detection of  Fe and C
(Vrignaud & Lecavelier 2026, in preparation)

Observations of  April and September 2025
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Thank you !


