
    
      Fig. 3 
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        Refinement of the hydrodynamical model for the radiative transfer simulation via the extrapolation and interpolation of the dust densities for a single SPH particle. In the left panel, starting from dust density values obtained with SPH simulations (red dots), we perform a linear fit for log ρd values associated with the two smallest simulated grain sizes to obtain densities for grains down to 5 nm (blue line). Then, we use a cubic spline interpolation on the remaining log ρd values (orange line). In the right panel, with the linear fit, we obtain ten dust densities related to grain sizes between 5 nm and 0.37 µm (to the left of the vertical dashed gray line), while with the cubic spline interpolation we obtain 50 densities for grain sizes between 0.37 µm and 1 mm (to the right of the vertical dashed gray line).

      

    

  
    
      Fig. 5 
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        Comparison between radial profiles of azimuthalfy averaged intensities from the observations, simulations, and corresponding residuals, after the simulations have evolved for 4 × 104 yr. The left-hand panels show results in Band 7, while the right-hand panels refer to Band 4. Each row contains the intensity profiles from the same simulation with a specific final planet mass, ranging from 0.2 MJup (top row) to 2.5 MJup (bottom row). The distance of the planet from the central star is indicated by the vertical dash-dotted brown line. The mean FWHMs of the synthesized beam in Band 7 and Band 4 are shown as horizontal bars in the top row panels. The radial intensity profiles are obtained by deprojecting the disk, using the disk inclination angle i = 37.5°, and dividing it into overlapping annuli, whose widths correspond to the averaged synthesized beam diameter. For each bin, uncertainties are calculated by taking the intensity standard deviation for each pixel in the annulus and dividing it by the square root of the number of synthesized beams contained in the area of the annulus.

      

    

  
    
      Fig. 7 
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        Contour levels (left panel in each subplot) at 5, 10, 15mJy beam−1, and intensity profile comparisons (right panel in each subplot) between the 12CO observation and simulation with a 2.0 MJup planet mass after 4 × 104 yr, in the six channels not completely obscured by the cloud (v = 4.0, 4.5, 5.0, 8.0, 8.5, 9.0 km s−1). Intensity profiles are taken along the PA = 11° of the disk, and the direction is indicated by the dotted gray line in the contour levels plots. The uncertainty in the observation intensity profile is the 1σ noise level (1.6 mJy beam−1 ).

      

    

  
    
      Fig. 10 
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        Optical depth in our models and comparison between observed and simulated spectral indices. Left and central panels: Azimuthally averaged radial profiles of the optical depth along the line of sight and the intensities from the full-resolution dust emission image of the simulation (i.e., not convoluted with the synthesized beam) with a final planet mass of 2.0 MJup after 4 × 104 yr, in Band 7 and Band 4. The vertical dash-dotted brown line indicates the location of the planet, and the horizontal dotted gray line marks the optical depth τ = 1 level. The region where the emission is optically thick (optical depth τ ≥ 1) is shown in beige. Right panel: azimuthally averaged radial profiles of the spectral index from the ALMA observation and our simulation with a final planet mass of 2.0 MJup after 4 × 104 yr. Values are obtained using Eq. (5) and the synthetic image intensity profiles in Fig. 5. Uncertainties include the original error in the intensity profiles and a 10% flux error due to calibration. As a reference, the distance of the planet from the central star is indicated by the vertical dash-dotted brown line, and the position of the peak intensity is displayed by the vertical dotted blue line. The beige-shaded area marks the radii where the full-resolution simulated emission is optically thick (τ ≥ 1) in both Band 7 and Band 4.

      

    

  
    
      Fig. 11 
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        Synthetic images of the 13CO (J = 3−2) emission from our simulation with MP = 2.0 MJup after an evolution time of 4 × 104 yr. We compute the images at two different channels: v = 5.0 km s−1 (top panels) and v = 7.5km s−1 (bottom panels), with a velocity resolution of 0.5km s−1. We use three different circular beam sizes: 0.03″, 0.02″, and 0.01″ (FWHMs, from left to right), indicated by the white circles in the lower-left cornel of each plot. The blue dot represents the planet position at the azimuthal angle ϕ = 145° (relative to the angle ϕ = 0°, which is located at the disk major axis indicated by the dashed white line in the top-left panel).

      

    

  
    
      Fig. 12 
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        As in Fig. 5, but for the cases of simulations with final planet masses 0.9 and 1.4 MJup with different initial distances from the star. For the simulation in the first row, MP,0 = 0.5 MJup and dP,0 = 12.0 au, and, after an evolution time of 4 × 104 yr, MP = 0.9MJup and dP = 11.0 au. Second row: MP,0 = 1.0 MJup and dP,0 = 11.0 au, and, after the same evolution time, MP = 1.4 MJup and dP = 10.3 au.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        As in Fig. 5, but for the case of a simulation with higher planet mass. The planet started with MP,0 = 4.0 MJup and dP,0 = 9.0 au, and, after an evolution time of 4 × 104 yr, it reached MP = 4.5 MJup and dP = 8.5 au.

      

    

  
    
      Fig. 14 
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        Total gap width in the dust as a function of the planet mass, derived from Eq. (6). The red-shaded area indicates the maximum planet mass that could fit the observed total gap width, assuming that the planet is located between 7.5 and 9.5 au from the star.

      

    

  
    
      Fig. A.1 
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        SED of CIDA 1. Data are from Hendler et al. (2017), and a typical uncertainty of 20% is assumed for each flux measurement. The orange line represents the linear fit performed on the data in the wavelength range 2.5 − 100 µm, between the two vertical dashed gray lines.

      

    

  
    
      Fig. B.1 
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        Time evolution of planet-star distance (top panel) and planet mass (bottom panel) from the simulation with an initial planet mass of 1.5 MJup.

      

    

  
    
      Fig. E.2 
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        12CO (J = 3−2) and 13CO (J = 3−2) spectra with respect to the local standard of rest (LSR) in the Taurus subregion L1495 E. The spectra are averaged over the entire extent of the subregion. Data are from Davis et al. (2010).
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