
    
      Fig. 3 
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        Observed HCN and H13CN lines of Y CVn with the IRAM 30 m telescope (black histograms). The red and blue curves are the synthetic lines derived from the spherically symmetric (red) and asymmetric (including maser emission; blue) envelope models. The red and green arrows point to red-shifted wings that cannot be reproduced with our spherically symmetric envelope model. The small insets in the boxes with the v = 0 J = 1− 0 and 3–2lines zoom in to show the line profiles close to the baseline (Sect. 4.2). The green profiles for these lines were calculated with the asymmetric envelopemodel without considering maser emission (Sect. 5.2.1). The H13 CN lines [image: equation]
and [image: equation]
are stronglyoverlapped and the blended line is included twice (lower right panels). The lines of the vibrational states
[image: equation]
and other with higher energies are below the detection limit. In this figure, we use two notations to name the pure rotational lines (see Appendix C.1).

      

    

  
    
      Fig. 5 
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        Ro-vibrational diagrams of absorption components of the infrared HCN lines at 7.5 and 13–14 μm. The filled blue, magenta, brown, and red dots correspond to the lines of the bands 2ν2 (σ+), 3ν2 (π) − ν2(π), 4ν2 (σ+) − 2ν2(σ+), and 4ν2 (δ) − 2ν2(δ), respectively (7.5 μm). The empty blue, magenta, and brown empty triangles represent the lines of the bands ν2 (π), 2ν2 (σ+) − ν2(π), and 2ν2 (δ) − ν2(π) at 13–14 μm. The dots related to the hot bands (except 4ν2(σ+) − 2ν2(σ+) and 4ν2 (δ) − 2ν2(δ); see text) are vertically shifted to make them coincide with the fundamental band at 13–14 μm and with thefirst overtone at 7.5 μm to get more populated data sets. An additional offset of − 2 units is added to the data at 13–14 μm to improve visibility. Four populations with various rotational temperatures derived from the fitted solid straight lines can be distinguish (cold, warm, hot, and very hot). The dashed straight line is a fit to the lines of the 4ν2 (σ+) − 2ν2(σ+) band, which implies a negative rotational temperature (see text). [image: equation]
is defined as Ncol,0Zrotey0 (Eq. (2)).

      

    

  
    
      Fig. 7 
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        Sample of observed H13CN lines in the mid-IR (black histogram) with their best fits (spherically symmetric models; red curves) grouped in bands. The gray curves are the atmospheric transmission. The vertical dashed-dotted and dashed lines are the systemic velocity (0 km s−1) and the terminal Doppler velocities derived in this work (≃8 km s−1), respectively.

      

    

  
    
      Fig. 10 
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        H2 density, HCN abundance with respect to H2, rotational temperature in the vibrational ground state, and gas expansion velocity projected onto the line of sight derived from the asymmetric envelope model. The abscissas are the depth across the envelope measured from the closer position to Earth backwards. The ordinates are the position in the plane of the sky along an undetermined direction since the 2D envelope model shows cylindrical symmetry around the line of sight. Each quantity is plotted twice, at large scale (left) and at small scale (right). In the maps to the left, the yellow dotted-dashed and dashed circles represent the HCN dissociation radii derived in this work for the spherically symmetric envelope model (Rph = 168R⋆) and for the asymmetric model that accounts for the self-absorption in the pure rotational lines (Rph = 380R⋆), respectively (see text). In the maps to the right, the filled orange circle is the central star.

      

    

  
    
      Fig. A.1 
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        Vibrational energy diagram of HCN below 5000 K. The lines that connect the vibrational states represent the strongest allowed vibrational transitions. The transitions in blue lie around 13.5 μm, in red around 7.5 μm, and in orange at other wavelengths (3.0, 3.6, 4.8, and 8.2 μm, depending on the transition). Those plotted with ticker lines are detected in the spectra presented in the current work (Figs. 1 and 2).
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