First constraints on elemental abundances in inner regions of T Tauri disks

with thermochemical models
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Context

Chemical composition?

= Elemental composition of exoplanets End-product: populations of exoplanets

» Elemental abundances are crucial to contrain the formation history of exoplanets, in
particular the C/O ratio.
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» JWST unveils the chemical content of inner regions of protoplanetary disks, where the majority of L« [Lo]
transiting exoplanets have been detected. Their atmospheric composition will be characterized by Correlation between acetylene/ “g’*e"fﬁ‘g‘ogb and luminosity. Adapted from
ran
the future mission ARIEL.
Does the ratio C,H,/H,0 trace the C/O ratio of the inner disk ?
» With its unparalleled sensitivity and spectral resolution in infrared, JWST is able to detect / \
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thousands of lines, emitted by gas-phase molecules in the hot inner regions of disks (<10 au). DAL' ThermO"ChemlcaI mOdeI
INPUTS Dust radiative transfer Thermo-chemistr Ray tracing
o 3 Host star Abundances from
HCN (&CzH,) - ki
1.8 { Region 1 00 — Region 2 Region 3 : Region4 propertles. Dust temperature . e.st|mat|on synthetic images
0 e 00 " Gas and grain : . Atomic/molecular .
164 . 0.85 s = Mean intensity | S synthetic spectra
s il iy structure excitation
o A Grid calculation Thermal balance
3 1.2
3 . » 2.00 Mgas LCm™]
w 1.0 \\6") CcO :
0.8 1 A CO 0.95 )
0.6 - l 0.50 Q0 % g
0.4 , , | 14.8 15.0 === BHANES ; 7132
500 5.05 5.10 Spitzer LRS 3
5?0 7?5 10'.0 12'.5 15:.0 17I.5 2(;.0 22'.5 25'.0

Wavelength [um]

0 X2 I aAB a8 R0 B e 28 /
r[AU] Wavelength [um]

JWST spectrum of Sz 98, a typical T Tauri disk. From Gasman et al. 2023 g
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» With an extended carbon chemistry, we are able to reproduce a typical T Tauri disk observed
with JWST.
» The line flux ratio Fr,y, / Fipo is a promising tracer to estimate the C/O ratio.
» The oxygen abundance is prominent for carbon chains in inner disks » The estimation of the C/O ratio with this line flux ratio is limited by the knowledge of
X-ray o the dust size distribution.
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Sketch describing the carbon chemisrty in inner regions of protoplanetary disks Sensitivity of Feap / Fiio to different parameters
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Comparison with JWST observations
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Comparison of the model grids with JWST data (Colmenares et al. 2024, Grant et al. 2025)

The C,H,/H,0 flux ratio is an interesting tracer of the C/O ratio. The comparison with JWST observations suggests that C/O < 1 for inner disks of T Tauri stars with possible oxygen
enrichment, providing important constraints for interpreting the results of the ARIEL mission.
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