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Unveiling the inner regions with JWST

4 Grant et al.

Figure 2. The 13 to 17 µm range of the GW Lup spectrum, with the JWST-MIRI data (black) compared to a model (red)
composed of emission from C2H2 (yellow), HCN (orange), H2O (blue), 12CO2 (green), and 13CO2 (purple). The spectral
windows that are used in the �2 fit are shown as the bars at the bottom of the plot. The inset shows a zoom-in of the 13CO2

feature.

the line of sight column density N , the gas tempera-
ture T , and the emitting area given by ⇡R2. We include
emission from C2H2, HCN, H2O, 12CO2, and 13CO2.
For C2H2 and HCN, the model transitions are taken
from the HITRAN database (Gordon et al. 2022). The
H2O data is taken from Tennyson et al. (2001). Finally,
for 12CO2 and 13CO2, the data are those compiled by
Bosman et al. (2017). We vary the emitting radius, as
described below, and compute a synthetic spectrum in
Jy, assuming a distance to GW Lup of 155 pc. The
model spectrum is then convolved to a resolving power
of 2500, which is accurate for Channel 3 where the emis-
sion features are present (Labiano et al. 2021). Finally,
the convolved model spectrum is resampled to have the
same wavelength grid as the observed spectrum.
For each molecule, a grid of models was run with N

from 1014 to 1022 cm�2, in steps of 0.166 in log10-space,
and T from 100 to 1500 K, in steps of 25 K. The emit-
ting radius is varied from 0.01 to 10 au in steps of 0.03 in
log10-space. The best parameters are determined using
a �2 fit between the continuum subtracted data and the
convolved and resampled model spectrum. This �2 fit
is done in spectral windows which are selected to min-
imize emission from other species while still containing
features that help to constrain the fits (e.g., optically
thin lines and line peaks that are sensitive to tempera-
ture). The best-fit parameters are found first for C2H2,
HCN, and H2O using their relatively isolated features.
The best-fit models of those species is then subtracted

from the observed spectrum which is then used to fit
12CO2 and 13CO2. A common temperature is assumed
for 12CO2 and 13CO2 and a fixed abundance ratio of
68 is adopted based on the standard local interstellar
medium ratio (Wilson & Rood 1994; Milam et al. 2005).
The �2 maps are shown in the Appendix.

3. RESULTS

The best-fit model is shown in Figure 2 together with
the continuum-subtracted spectrum in the 13.6 to 16.3
µm range. The best-fit model parameters are given in
Table 1. The �2 maps show that at low column densi-
ties, in the optically thin regime, the column density and
emitting radius are completely degenerate (e.g., Salyk
et al. 2011). In the optically thick regime, the emitting
radius can more accurately be determined. The degen-
eracy between our three free parameters is reduced by
fitting a combination of optically thick and thin lines.
CO2 is well constrained with a temperature below 500

K and column densities between 1018 and 1020 cm�2.
For H2O, the fits at high column densities (&1018 cm�2)
tend to be less well constrained. For C2H2 and HCN (in-
cluding the 0200-0110 HCN hot-band Q-branch at 14.3
µm), the fits point to optically thin emission, with well
constrained temperatures of ⇠500 K and ⇠1000, respec-
tively. The column densities for C2H2 and HCN are de-
generate with the emitting radii in this optically thin
regime.

MIRI-MRS 
Model

Grant et al. 2023

H2OHCN
CO2

C2H2 13CO2

JWST reveals the chemical content of inner region of protoplanetary disks 
                    Sensitivity never achieved before        detection of new species 
                      Good spectral resolution for a very wide spectral coverage        characterization of species 
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Mid-infrared: inner < 5 au disk 
               widely detected 
              main C, N, and O carriers observable + mineralogy of small grains 
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Molecular composition of inner disk depends on stellar mass

Grant+2025

VLMS disks show prominent ,  and little C2H2 C6H6 H2O
T Tauri disks show prominent  and little H2O C2H2

Composition of disks highly 
dependent on stellar mass
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Emergence of the diversity of disks unveiled by JWST

The Taurus molecular cloud
BP Tau

CY Tau

CX Tau

H2O

C2H2

CO2

JWST spectra of disks around 0.4  starsM⊙
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MINDS sources

Diversity of exoplanet atmospheres ?
Same type, same age but very different JWST spectra
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Emergence of the diversity of disks unveiled by JWST

H2O snowline

R (au)
0.1 1.0 10 100

T Tauri

Inner disks inherit their composition from the icy pebbles of the outer disk 
     Initially, solar C/O in the inner disk and super-solar C/O in outer disk 

C/O ~ 0.5 C/O ~ 1

SF2A 2026 - July, 23rd 2026
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H2O snowline

Pebble drift

R (au)
0.1 1.0 10 100

T Tauri

Inner disks inherit their composition from the icy pebbles of the outer disk 
     Initially, solar C/O in the inner disk and super-solar C/O in outer disk 
     By drifting, the icy pebbles cross the water snowlines 

Emergence of the diversity of disks unveiled by JWST
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H2O snowline

H2O 
sublimation

R (au)
0.1 1.0 10 100

T Tauri

Emergence of the diversity of disks unveiled by JWST
Inner disks inherit their composition from the icy pebbles of the outer disk 

     Initially, solar C/O in the inner disk and super-solar C/O in outer disk 
     By drifting, the icy pebbles cross the water snowlines 
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Gasman+2023,  
Banzatti+2023, 2025

Vlasblom+2025
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Water sublimation from cold water lines
Excess of cold water in compact disks 

      interpreted as inflow of H2O-rich pebble followed by diffusion but based on few H2O lines 
      molecular lines not only tracing chemistry but also dynamical processes
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H2O snowline

O/H C/O

R (au)
0.1 1.0 10 100

T Tauri

Emergence of the diversity of disks unveiled by JWST
Inner disks inherit their composition from the icy pebbles of the outer disk 

     Initially, solar C/O in the inner disk and super-solar C/O in outer disk 
     By drifting, the icy pebbles cross the water snowlines 
     Enrichment of the inner disk in oxygen

SF2A 2026 - July, 23rd 2026
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The substructures modify the delivery of elements in planet-forming regions 
               Most of disks show substructures : rings, gaps, spirals … 
               The gaps prevent pebbles from enriching the inner regions in volatile species 

ALMA revealed highly structured disks

From ALMA large program MAPS (PI: Öberg, K)

SF2A 2026 - July, 23rd 2026
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H2O snowline

R (au)
0.1 1.0 10 100

T Tauri

Emergence of the diversity of disks unveiled by JWST
The leakiness of gaps regulates the oxygen enrichment 

  

Pebble drift

Gap

Gap
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H2O 
snowline

R (au)

VLMS

0.01 0.1 1.0

Molecular composition of inner disk depends on stellar mass
Evolution of VLMS is faster than T Tauri disks 

     First steps: same as T Tauri stars 
    

SF2A 2026 - July, 23rd 2026



11Pacôme Estève

H2O 
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Molecular composition of inner disk depends on stellar mass
Evolution of VLMS is faster than T Tauri disks 

     First steps: same as T Tauri stars 
     As the disk is much smaller, these steps are much quicker 
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H2O 
snowline

O/H C/O

R (au)

VLMS

0.01 0.1 1.0

Molecular composition of inner disk depends on stellar mass
Evolution of VLMS is faster than T Tauri disks 

     First steps: same as T Tauri stars 
     As the disk is much smaller, these steps are much quicker 
     The gas from the outer disk increases the C/O in the inner disk 
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Inferring elemental abundances with thermochemical models

SF2A 2026 - July, 23rd 2026

a) Fiducial b) Enhanced O/H c) All parameters
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Estève+2026

Firsts constraints on elemental abundances in inner T Tauri disks 
                       Most T Tauri disks show C/O < 1 and possibly oxygen enhancement 
                       In line with the pebble drift scenario! 
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Summary
Elemental abundances in planet-forming regions of disks are 
key to contrain the formation history of exoplanets  
                                      

JWST revealed a diversity of inner disk composition, 
interpreted as the result of the pebble drift with different 
efficiencies depending on the leakiness of gaps.  
                                      

Thermochemical models indicate C/O < 1 for inner T 
Tauri disks, with possibly oxygen enrichment, consistent 
with pebble drift 
                                      

R (au)
0.1 1.0 10

1

T Tauri

O/H C/O

VLMS

R (au)
1.00.10.01

O/H C/O

C/O < 1

C/O > 1 ?

SF2A 2026 - July, 23rd 2026

The outer disk material sets the elemental abundances of the 
inner disk: link between ALMA and JWST communities?  
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Excess of cold water in compact disks 
      interpreted as inflow of H2O-rich pebble followed by diffusion but based on few H2O lines 
      molecular lines not only tracing chemistry but also dynamical processes

between inner water enrichment and outer disk radius could
indeed be produced as a consequence of icy pebble trapping
beyond disk gaps (Figure 10 in Kalyaan et al. 2021). Models
also showed that in the absence of drift, a vertical “cold finger
effect” could quickly deplete the surface layer above the
midplane snow line, both for water and for CO (Meijerink et al.
2009; Krijt et al. 2018), whereas that region would be
replenished through ice sublimation and diffusion whenever
radial drift is active.

While models propose that it should be the innermost gap to
regulate the inner disk water enrichment through pebble drift
(Kalyaan et al. 2021), the observed dust disk size is instead set
by the location of the outermost gap that retains enough
pebbles to be detected with ALMA. The link between the inner
disk cool water excess and the outer dust disk size could
therefore not necessarily be ubiquitous and depend instead on
the number, depth, and location of gaps in disks (Kalyaan et al.
2023). It is worth noting that large disks may have multiple
pebble-stopping gaps across a range of disk radii, and this is
surely the case for the two large disks included in this work.
Object IQ Tau has at least two gaps located at ≈40 and 60 au,
and CI Tau has three gaps located at ≈14, 50, and 120 au (Long
et al. 2018), as well as possibly an additional gap at 5 au
(Jennings et al. 2022b). Moreover, CI Tau has higher-contrast
gaps even in comparison to IQ Tau that are likely more efficient
in trapping pebbles (e.g., Pinilla et al. 2012), potentially
explaining why this is the disk with the lowest cool water
excess among the large disks in this work (Figure 6).

While compact disks may have narrow gaps at <30 au that
remain unresolved by ALMA, none have been reported for the
two compact disks in our sample, even using superresolution
techniques (Jennings et al. 2022a, 2022b; Zhang et al. 2023).
Further, shallow gaps in inner disks may be very leaky and
effectively produce little or no reduction in inner water
enrichment (Kalyaan et al. 2023). Future high-resolution dust
continuum imaging is needed to better understand the presence
of the innermost disk dust gaps and their efficiency in trapping
pebbles. While this objective is at the spatial resolution limits
of ALMA, it may be possible with a future facility, such as the
next-generation Very Large Array (e.g., Andrews et al. 2018).

A reduced excess in the cool water reservoir may provide
high-priority disk targets for future high-resolution observa-
tions to spatially resolve gaps near the snow line at 1–5 au.
In summary, pebble drift and trapping provide a funda-

mental, natural process for a large-scale link between inner and
outer disk regions that may explain the cool water excess
revealed by MIRI in the compact disks analyzed in this work.
With additional high-resolution data for larger samples, future
work will establish how general this effect may be and further
establish if pebble drift is indeed the cause of the cool water
excess. The specific targets included in this work were
observed to test the pebble drift hypothesis by selecting
similar-luminosity stars with very different disk sizes
(Section 2), with the two large disks having multiple gaps
across the disk radii reducing the inward pebble drift (Pinilla
et al. 2012). The pebbles are, however, sufficiently large to
settle in the disk midplane and cannot be directly observed in
the innermost optically thick disk regions, nor can the midplane
water vapor mass be directly measured; indeed, the observed
surface water would need to be mixed up from the midplane,
likely by diffusion and turbulence. While the new observational
results from MIRI add evidence that is consistent with water
delivery by pebble drift, we consider in the following other
scenarios that may offer additional or alternate processes that
regulate the inner disk water abundance.
Inner disk dust cavities—The presence of a large inner dust

cavity (gaps that extend to the inner dust radius) has been found
to likely deplete the abundance of multiple molecules,
including water (Salyk et al. 2011b, 2019; Banzatti et al.
2017, 2020, 2022). Yet a small cavity may not have the same
effects. All four disks in this paper show CO rovibrational
emission tracing hot gas down to within 0.1 au (Appendix A).
This demonstrates that there is molecular gas at small radii,
without evidence for a gas cavity. The only disk for which the
mid-infrared spectral index suggests the presence of an inner
dust disk cavity, HP Tau, is a compact disk where the cool
water excess is detected. If HP Tau indeed has a <2 au (to be
undetected in the ALMA continuum image) gas-rich dust
cavity and a midplane snow line of ≈1 au (Table 1), icy
pebbles may still drift through the snow line and provide the

Figure 7. Illustration of the interpretation of the results in the context of the long-proposed scenario of inner water enrichment by pebble drift (Cyr et al. 1998; Ciesla
& Cuzzi 2006). The zoomed-in insets show the main processes of pebble drift, ice sublimation, and vapor diffusion as included in recent model explorations by
Kalyaan et al. (2021, 2023) in the context of how ice delivery and inner disk water enrichment may be regulated by dust gaps (pebble traps) observed with ALMA.
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Water sublimation from cold water lines

In Figure 4, the continuum-subtracted MIRI spectra of
GK Tau (compact disk) and CI Tau (large disk with multiple
gaps) are compared after scaling CI Tau to the same distance as
GK Tau and then applying to CI Tau a scaling factor of 0.42
from the luminosity ratio of the high-energy water lines to
remove the line-emitting area dependence on accretion
luminosity according to the correlation in Figure 3. The two
spectra are then subtracted to obtain the spectral difference in
water excitation, revealing that while the relative excitation of
high-energy lines is extremely similar in the two disks (after the
common scaling factor from the luminosity-dependent emitting
area is accounted for), the low-energy lines consistently show
some flux excess in the compact disk of GK Tau. The figure
also demonstrates that the lower resolution of previous Spitzer
spectra did not allow for an unambiguous detection of the cool
water excess, although, in hindsight, a slight excess in
correspondence of the lower-energy lines may now be
identified in the Spitzer-IRS spectrum of GK Tau (Figure 4).

The procedure of scaling and subtracting a template
spectrum of a large disk from that of a compact disk is applied
systematically to the sample included in this work as visualized
in Figure 5. In each column, line luminosities from a compact
disk (GK Tau or HP Tau) are divided by those from a large disk
(CI Tau or IQ Tau) to obtain the empirical scaling factor
between the higher-energy lines tracing the inner hotter
emitting region (from the median value of line luminosities
between Eu= 6000 and 9000 K). The expected scaling factor
from applying the linear correlation of the high-energy line

luminosities (Figure 3) is shown in orange for reference. The
high-energy spectral template is then subtracted, and the line
flux of the residuals is fitted with a single-temperature LTE
model (Banzatti et al. 2012; Salyk et al. 2011b; Salyk 2020).
The excess cool component in the two compact disks is
reproduced by an LTE model with rotational temperature
T≈ 400–500 K, column density N≈ 1–5× 1017 cm−2, and
equivalent emitting radius Req≈ 0.8–1 au. The residuals and
best-fit solutions are visualized in the rotation diagram in the
bottom part of Figure 5.
We note some dependency of the choice of template

spectrum on the measured parameters of the cool excess; T is
higher, while N and Req are lower when using IQ Tau as the
template instead of CI Tau (second and fourth columns in
Figure 5). We interpret this as due to a subtle difference in
excitation for the higher-energy lines in the two large disks
combined with the intrinsic degeneracies of single-temperature
slab model fits (Salyk et al. 2011b; Carr & Najita 2011).
Further, the temperature of the cool excess in HP Tau is ≈100
K higher than in GK Tau, possibly as a consequence of
differences in the inner disk physical structure, as suggested by
the higher infrared index n13–26 in HP Tau.
Lastly, we consider the relations between the properties of

the excess cool component and the ALMA dust disk radius in
Figure 6. The left panel shows the ratio between the line
luminosities of the low- and high-energy water transitions from
MIRI. With the four targets analyzed in this work, the
correlation coefficient is very high (0.99); this should be more

Figure 3. Correlations between water line luminosities and accretion luminosity. Left: using blended water lines at 17.1–17.4 μm from Spitzer-IRS (data and
regression adopted from Banzatti et al. 2020). Middle: using high-energy (6000–8000 K) water lines from JWST-MIRI from this work and Paper I. Right: using low-
energy (900–3000 K) water lines (see Figure 1).

Figure 4. Sections of the continuum-subtracted infrared water spectra of the compact disk GK Tau (in black) and the large disk CI Tau (in gray), at the top from
Spitzer-IRS (offset by 0.15 Jy) and in the middle from JWST-MIRI. A broader range of the spectrum is shown in Figure 10 in Appendix B. The CI Tau spectrum is
scaled to the distance of GK Tau and corrected for the different accretion luminosity (Section 3). The subtraction of the two spectra is shown in brown at the bottom,
with the single-temperature LTE model (blue area) from Figure 5 and Table 2. Vertical labels show the upper level energy Eu in kelvins, separated into higher energy
(>4000 K) in red and lower energy (<4000 K) in blue.
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Figure 5). We interpret this as due to a subtle difference in
excitation for the higher-energy lines in the two large disks
combined with the intrinsic degeneracies of single-temperature
slab model fits (Salyk et al. 2011b; Carr & Najita 2011).
Further, the temperature of the cool excess in HP Tau is ≈100
K higher than in GK Tau, possibly as a consequence of
differences in the inner disk physical structure, as suggested by
the higher infrared index n13–26 in HP Tau.
Lastly, we consider the relations between the properties of

the excess cool component and the ALMA dust disk radius in
Figure 6. The left panel shows the ratio between the line
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Figure 3. Correlations between water line luminosities and accretion luminosity. Left: using blended water lines at 17.1–17.4 μm from Spitzer-IRS (data and
regression adopted from Banzatti et al. 2020). Middle: using high-energy (6000–8000 K) water lines from JWST-MIRI from this work and Paper I. Right: using low-
energy (900–3000 K) water lines (see Figure 1).

Figure 4. Sections of the continuum-subtracted infrared water spectra of the compact disk GK Tau (in black) and the large disk CI Tau (in gray), at the top from
Spitzer-IRS (offset by 0.15 Jy) and in the middle from JWST-MIRI. A broader range of the spectrum is shown in Figure 10 in Appendix B. The CI Tau spectrum is
scaled to the distance of GK Tau and corrected for the different accretion luminosity (Section 3). The subtraction of the two spectra is shown in brown at the bottom,
with the single-temperature LTE model (blue area) from Figure 5 and Table 2. Vertical labels show the upper level energy Eu in kelvins, separated into higher energy
(>4000 K) in red and lower energy (<4000 K) in blue.
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water spectra from Spitzer and Herschel showed that the region
near the water snow line at a temperature of ≈150 K dominates
the observed water spectrum at ≈25–180 μm (Zhang et al. 2013;
Blevins et al. 2016), whereas hotter gas within the snow line
dominates the emission at shorter wavelengths (Figure 1). While
the wavelength range of the Mid-Infrared Instrument (MIRI) on
the James Webb Space Telescope (JWST; Gardner et al. 2023) is
therefore most focused on hotter water emission (including the
rovibrational bands at <9 μm), cooler water emission with
temperatures of ≈150–500 K, just inward of the snow line region,
can still be traced at wavelengths as short as≈20 μm (Zhang et al.
2013; Blevins et al. 2016), well within the MIRI range.

While more complex models that include global temperature
gradients (150–1200 K) and non-LTE excitation are currently
being explored to fit the entire range of MIRI spectra, in this
Letter we investigate the effects of ice sublimation at the snow
line in a relative sense by following recent modeling
explorations (Kalyaan et al. 2021, 2023) and addressing this
question: what is the difference between water spectra in
compact disks, which should be enriched in warm water due to
efficient pebble drift, versus large disks with gaps, which
should be relatively deficient in water due to pebble trapping at
larger radii? The analysis of MIRI spectra in this paper finds
evidence in support of water enrichment by pebble drift by
spectrally separating water lines that were previously blended

in Spitzer-IRS spectra and revealing an excess cool water
reservoir near the snow line region in compact disks.

2. Sample and Observations

We present MIRI spectra of four protoplanetary disks around
single stars in the Taurus star-forming region with ages
estimated at 2–3Myr by Long et al. (2019) using nonmagnetic
evolutionary tracks from Feiden (2016). The disks were
selected from the sample of Long et al. (2019) to have similar
stellar and accretion luminosity to minimize the difference in
water spectra due to luminosity effects (Banzatti et al. 2020).
The disks were also selected to span a wide range in measured
millimeter dust disk sizes to maximize the relative difference in
inner disk water abundance expected in the pebble drift
scenario (Table 1). Figure 2 and Appendix A show the ALMA
images for the four disks with a spatial resolution of 0 12 from
Long et al. (2019). The two large disks, CI Tau and IQ Tau,
have multiple resolved gaps and rings at radial locations as
small as 10 au and as large as 150 au (Clarke et al. 2018; Long
et al. 2018), while the two compact disks are among the
smallest known around solar-mass stars (10–20 au). The
compact disks are resolved by ALMA but do not show any
substructures or millimeter emission at larger disk radii (see
more in Section 4). As a measure of the pebble disk radius,

Figure 2. JWST-MIRI-MRS spectra for the four disks. For clarity, the spectra are offset vertically by the following additive shifts: 0.05 Jy in CI Tau, 0.17 Jy in
GK Tau, and 0.4 Jy in HP Tau. Illustrative models of molecular emission are shown for guidance at the bottom. Prominent dust features are approximately identified
and marked with shaded regions. The estimated continuum that is subtracted before analyzing the water spectra is shown in red on each spectrum. Two ALMA images
are shown on the right for reference regarding disk sizes and structures (the whole sample is included in Appendix A).

Table 1
Sample Properties

Name Dist. Teff Må Lå log Lacc log Macc n13−26 Rdisk Incl. CO FW10%–50% RCO 10%–50% Rsnow

(pc) (K) (Me) (Le) (Le) (Me yr–1) (au) (deg) (km s−1) (au) (au)

CI Tau 160 4162 0.65 1.65 −0.7 −7.6 −0.51 190.5 50 265–105 0.02–0.12 2.7
GK Tau 129 4067 0.58 1.48 −1.39 −8.67 −0.40 12.9 39 180–85 0.03–0.11 0.9
HP Tau 177 4375 0.84 1.89 −1.09 −8.17 0.06 22.1 18 115–40 0.02–0.18 1.7
IQ Tau 131 3704 0.42 0.86 −1.40 −8.54 −0.74 109.6 62 190–150 0.03–0.05 0.9

Note. Distances are from Gaia DR3 (Gaia Collaboration et al. 2016, 2022); stellar and accretion properties are from Herczeg & Hillenbrand (2014), Donati et al.
(2020), Manara et al. (2023), and Gangi et al. (2022); Rdisk and disk inclinations are from Long et al. (2019); n13–26 is measured from the MIRI spectra in this work;
near-infrared CO line widths are measured at 10% and 50% of the line peak from the stacked profiles shown in Appendix A; RCO is the Keplerian radius of infrared
CO emission from the half line width velocities at 10% and 50%; and Rsnow is an expectation for the midplane snow line radius as set by accretion following
Equation (2) in Mulders et al. (2015), as previously adopted for a general comparison across disks in Banzatti et al. (2017).
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JWST

JWST: a revolution for protoplanetary disks

3Pacôme Estève MINDS meeting 4Pacôme Estève Entretien mi-thèse - 19 mars 2026

Miotello+2023

JWST reveals the chemical content of inner region of protoplanetary disks 
                    Sensitivity never achieved before        detection of new species 
                      Good spectral resolution for a very wide spectral coverage        characterization of species 
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Linking exoplanet to disks: the era of chemistry
The elemental abundances of the gas and in solids (dust+ice) vary in time and space 

      opportunity  to constrain the formation history of planets (e.g., ultimate goal of the ARIEL mission) 
      large number of processes changing the disk elemental abundances 
      need to characterize the chemical composition of disks across space and time

Oberg+2011
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C/O ratio due to the freeze out of volatiles

SF2A 2025 - July, 4th 2025

Booth+2017
C/O ratio due to the freeze out of volatiles and radial drift
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 with line overlapC2H2

 without line overlapC2H2

H2O

x 10

C/O = 0.47

Line overlap implementation
Effect of the line overlap prominent in the main Q-branch feature of C2H2

With a Solar C/O ratio,  remains ~10x too bright C2H2

pseudo-continuum

Elbereth 2025

I. Method
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UV shielding
Molecules can absorb UV photons and attenuate the UV field: σνNi

N(H2O) = 1016 cm−2Jattenuated

J N(H2O) = 1018 cm−2Jattenuated

J

Elbereth 2025

I. Method
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UV shielding

C2H2

DALI old

Lines

Continuum Lines + Continuum

DALI new

High-resolution

Crucial role of self-shielding at low column densities

Separation line/continuum reproduces very well the « real » self-shielding

MINDS diks modelling 26/03/2025

I. Method

Photodissociation rate of  as a function of the column density (shielding)C2H2
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Mutual shielding as implemented in DALI (shielded by continuum only)

UV shielding
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HCN
CO2

(Shield)
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Mutual shielding particularly efficient for: , , , ( ) H2O C2H4 C3 C2H2

Mutual shielding not efficient for: , , , CO2 CH4 NH3 HCN

Elbereth 2025

I. Method
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Odd
Detection limit

C/O = 0.47
Ntot
Nτ<1(T > 500 K)

Distribution of hydrocarbons
The main hydrocarbon is  but the brightest is , consistent with JWST observationsCH4 C2H2

Elbereth 2025 10

II. Fiducial model



Distribution of hydrocarbons
The main hydrocarbon is  but the brightest is , consistent with JWST observationsCH4 C2H2

Elbereth 2025 10

II. Fiducial model
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Odd
Detection limit

C/O = 0.47
Ntot
Nτ<1(T > 500 K)

Other hydrocarbons are also bright: ,  (Arabhavi et al. 2024) and  (Tabone et al. 2023) C3 C3H4 C4H2


