
    
      Fig. 3 
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        Band profiles comparison. The integrated NIRSpec spectrum from the north lobe of Tau 042021, in a sub-region unaffected by NIRSpec IFU masking to fully sample the profile, is shown in red (multiplied by 1.2). It is compared to a typical dense cloud spectrum (NIRCam + NIRSpec IFU, black, flux (multiplied by two) observed at high extinction in Chamaeleon I (McClure et al. 2023). Note the inversion in the shape for the CO2 ice band profile around 4.27 μm betraying differences in radiative transfer properties. A laboratory transmittance spectrum (blue) of a H2O:CO2 ice film mixture used in the optical constants determination in Dartois et al. (2024) has been converted to flux scale for comparison. Spectra have been scaled to have similar optical depths in the ice absorption features in order to compare their profiles.

      

    

  
    
      Fig. 5 
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        Schematic edge-on views of the protoplanetary disc models used in this article. Upper panel: The ‘standard’ model includes a main disc flaring component with grains of sizes smaller than a critical size asettling and, possibly, settled dust grains for sizes above this size limit. The internal part of the disc (below rcav) can harbour a partially filled cavity (where the density is multiplied by a δcav < 1 factor). See Sect. 3.5 for details of the other parameters used in the ‘standard model’. Central panel: The extended atmosphere model, or ‘benchmark’ model, detailed in Sect. 3.6, supersedes the ‘standard’ model, while still including its main disc flaring component and settled dust grains. This model comprises an extended tenuous dust atmosphere lying above the classical purely hydrostatic model. Lower panel: The ‘wind’ model, detailed in Sect. 3.7.2, includes all the components from the benchmark model with the addition of a wind whose main parametrisation is shown here. Angles are given from the midplane axis.

      

    

  
    
      Fig. 7 
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        Vertical density profile for a scale height of H0 = 10, normalised to the midplane density, considering an isothermal model (solid line) and including an extended atmosphere as shown in Eq. (4) for ϵ = 2.5 (dotted line) and 4 (dashed line), corresponding to an atmosphere contributing above about 3–4 × z/h. The integral of the mass increase above 3 scale heights represents about 1 × 10−2 of the total mass for ϵ = 2.5 and about 2 × 10−3 of the total mass for ϵ = 4, but strongly affects the radiative transfer in the upper layers.

      

    

  
    
      Fig. 10 
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        Benchmark model spectrum (orange) overplotted on the SED data for Tau 042021, normalised to the observed average flux in the NIRSpec range. Blue photometric points are taken from Table 4 of Duchêne et al. (2024). Orange symbols correspond to the ≤ 2.2 μm photometric points adjusted by a factor to match the JWST flux, taking into account the known potential variability of the source (see text for details). Error bars (3σ) are given for the long wavelength photometric points from Spitzer/MIPS, Herschel/PACS and Herschel/SPIRE, retrieved from published point source catalogues.

      

    

  
    
      Fig. 11 
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        Zoom of the benchmark model spectrum (orange) and estimated uncertainties on the calculation (light orange filled region) in the JWST spectral range, overplotted on the NIRSpec-MIRI combined spectrum. The astronomical PAHs emission from the HD 97300 disc is shown in order to delineate the regions where such features contribute to the spectrum (these emission features are not explicitly included in the model).

      

    

  
    
      Fig. 12 
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        Upper row: reproduction of Fig. 2, observed ice optical depth mapped images. Lower row: benchmark model optical depth images of the disc in H2O, CO2, and CO, as derived at 3.0, 4.26, 4.67 μm calculated against the reference continuum intensities taken at 3.7, 4.32, 4.72 μm, respectively. Over-plotted white contours show the flux intensities at the band centres, normalised to their maximum in the map. The last contour is at 5% from the maximum which is approximately the limit achieved in the observations.

      

    

  
    
      Fig. 13 
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        Left panel: NIRSpec-IFU spectrum in the region covering the CH stretching mode of astronomical PAH bands. Highlighted as filled regions (orange, green) are the wavelength spans corresponding to the different spectrophotometric filters we applied for our analysis. Green filters serve as continuum references to determine the continuum to be subtracted from the orange filter, which covers the astronomical PAH feature at 3.28 μm, while excluding the adjacent Pfund δ H emission line. Right panel: MIRI-MRS spectrum in each observed channel (Ch2 red, Ch3 blue, Ch4 purple). Highlighted as filled regions (orange, green) are the wavelength spans corresponding to the different spectrophotometric filters we applied for our analysis, and corresponding to specific bands of interest in the spectrum. The orange filters are tailored to measure the main emission bands contributing to the astronomical PAH bands. The green filters are reference wavelengths to record potential contributions from the adjacent astronomical PAH-free continuum. Overplotted in brown is the Spitzer spectrum of HD 97300 which displays a similar astronomical PAH bands contribution.

      

    

  
    
      Fig. 14 
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        Series of images corresponding to the integration of the observed MIRI-MRS spectra over the newly built-in filters shown in Fig. 13. Each image has been normalised to its maximum intensity in order to clearly visualize the distributions of intensities. The first row corresponds to the ‘continuum filters’ distribution. The second (middle) row contains images of the astronomical PAH bands of interest (3.29, 6.25, 7.7, 11.3 μm) and H2 (6.909, 9.667 μm) emission lines. The lowest row shows the intensity in bands of interest once subtracted by the adjacent continuum reference intensity, then also normalised to observe the intensity distributions. The upper row shows intensity distributions with globally rounded lobes, whereas each band corresponding to an astronomical PAH band shows a more or less pronounced X shape. The width and opening angle for this X shape are larger than those observed for the H2 emission lines tracing the H2 wind, the latter being more ‘nested’ within this astronomical PAH band X shape.

      

    

  
    
      Fig. 15 
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        Astronomical PAH band-H2 wind composite images. Left: composite of the 3.28 μm astronomical PAH band (in red) and the 3.235 μm H2 1–0 O(5) line (in green). Middle: composite of the 6.25 μm astronomical PAH band (in red) and the 6.909 μm H2 S(5) line (in green). Right: composite of the 11.3 μm astronomical PAH band (in red) and the 9.667 μm H2 S(3) line (in green).

      

    

  
    
      Fig. 16 
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        Extension of the benchmark model to test the presence of an astro-PAH wind component. (upper) Model images at full resolution for selected wavelengths spanning the MIR for bands including astronomical PAH band contributions (6.25, 7.7, 11.3 μm) or bands representing the adjacent continuum (5.8, 10.25, 14.4 μm), for comparison. (middle) Model images once convolved with the JWST PSF. Note the alternance of a more rounded shape for continuum-dominated bands and a chalice/hourglass shape for those with astronomical PAHs contributions. (lower row) Observed MIRI images. The colorbars indicate the intensity levels, normalised to the maximum intensity for each image, on a log scale. A version of this same figure with a uniform red temperature color table is presented in the appendix.

      

    

  
    
      Fig. A.4 
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        Zoom of the benchmark model spectrum including the astro-PAHs grain model (orange) and estimated uncertainties on the calculation (light orange filled region) in the JWST spectral range, overplotted on the NIRSpec-MIRI combined spectrum. Note the emission in the model is higher in the 8–10 microns, which may be related to an overestimate of the silicates stretching mode contribution in emission in this range. The astronomical PAHs emission from the HD97300 disc is also shown in order to delineate the astronomical PAHs spectral profiles observed in another disc.
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