
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Vertical profiles for CO isotopologues as extracted from the channel maps of each disk. The shaded region shows the dispersion of the data points, and the solid coloured line traces the average values within each radial bin. Note that Elias 2-27 and WaOph 6 were observed at a higher transition (J = 3−2) in some CO isotopologues. Solid grey lines show a constant z/r of 0.1, 0.3, and 0.5. Each row has a different vertical extent.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Data corresponding to 12CO J = 2−1 (in black) and 13CO J =2−1 (in orange) for three disks where modulations in the vertical surface are detected. Coloured dots indicate the extracted data from the channel maps for each tracer. Continuous lines trace the best-fit surface considering the reference baseline and a number of fitted Gaussians. The location and width of the Gaussians for each molecule are signaled at the top of each panel. Vertical blue lines trace the dust structure from Huang et al. (2018a). Vertical green lines show the reported kinematic residuals from Teague et al. (2021a) and Izquierdo et al. (2022).

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Derived gas pressure scale height (H) for each of the disks in the MAPS sample (in solid coloured lines) from our analysis of the 12CO emitting surface. Dashed lines show the predicted scale height for each disk from Zhang et al. (2021). Solid grey lines show the location of constant H/R at 0.1 and 0.2.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Average z/r values of each tracer and disk under study. To avoid the effect of the turnover in the case of vertically extended molecules, only data within 80% of the 13CO (or 12CO for MWC 480 and AS 209) rtaper is considered. Note that for Elias 2-27, CN is a higher transition (N = 3−2) than the CN shown in HD 163296 (N = 1−0).

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Vertical surface profiles for HCN (top row) and H2CO (bottom row). The green vertical line marks the edge of the dust continuum as reported in Law et al. (2020a). The solid and dashed lines in each panel mark the rings and gaps, respectively, found in the emission maps of each molecule from Law et al. (2020a). In the profiles, the solid line marks the mean value and the grey shaded area the dispersion of the retrieved data points in each radial bin.

      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        For each of the detected molecules in WaOph 6 from programme #2015.1.00168.S (P.I. G. Blake): the integrated emission maps (moment 0) with an emission cutoff at 3σ (top row) and the emission spectrum of each line (bottom row). The vertical orange line indicates the natural frequency of the molecule.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        12CO J = 2−1 data points.

      

    

  
    
      Fig. B.2 
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        13CO J = 2 − 1 data points.

      

    

  
    
      Fig. B.3 
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        C180 J = 2 − 1 data points.

      

    

  
    
      Fig. B.7 
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        HCO+ data points.

      

    

  
    
      Table B.1 

      Best-fit parameters of vertical profiles for CO isotopologues.

      
        


	Source
	Line
	z0 (au)
	ϕ
	rtaper (au)
	ψ





	IM Lup
	12CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	13CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	C18O 2−1
	[image: equation]
	[image: equation]
	-
	-



	
	13CO 1−0
	[image: equation]
	[image: equation]
	-
	-



	




	GM Aur
	12CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	13CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	C18O 2−1
	[image: equation]
	[image: equation]
	-
	-



	
	13CO 1−0
	[image: equation]
	[image: equation]
	-
	-



	




	Elias 2–27
	12CO 2−1
	[image: equation]
	[image: equation]
	-
	-



	
	13CO 3−2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	C18O 3−2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	




	HD 163296
	12CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	13CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	C18O 2−1
	[image: equation]
	[image: equation]
	-
	-



	
	13CO 1−0
	[image: equation]
	[image: equation]
	-
	-



	




	MWC 480
	12CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	13CO 2−1
	[image: equation]
	[image: equation]
	-
	-



	
	C18O 2−1
	[image: equation]
	[image: equation]
	-
	-



	
	13CO 1−0
	[image: equation]
	[image: equation]
	-
	-



	




	AS 209
	12CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	13CO 2−1
	[image: equation]
	[image: equation]
	-
	-



	
	C18O 2−1
	[image: equation]
	[image: equation]
	-
	-



	
	13CO 1−0
	[image: equation]
	[image: equation]
	-
	-



	




	WaOph 6
	12CO 3−2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	12CO 2−1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	
	13CO 3−2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]





      

    

  
    
      Table B.2 

      Best-fit parameters of vertical profiles for other tracers in HD 163296.

      
        


	Molecule
	Transition
	z0 (au)
	ϕ
	rtaper (au)
	ψ





	CN
	N = 1 − 0
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	HCN
	J =3 − 2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	H2CO
	J = 303 − 202
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	C2H
	N = 3 − 2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	HCO+
	J = 1 − 0
	[image: equation]
	[image: equation]
	-
	-



	c-C3H2
	J = 707 − 616
	[image: equation]
	[image: equation]
	-
	-





      

      
Notes. These values are used to de-project the emission and extract the brightness temperature profiles presented in Sect. 3.1




    

  
    
      Fig. B.10 

      
        [image: thumbnail]
      

      
        Data (grey dots), averaged profile (black curve), assumed baseline (pink profile), and best-fit Gaussians (orange line) obtained for each system from the analysis in Sect. 3.2.1 for 12CO. The bottom panels show the residuals obtained after subtracting the baseline profile from the data points. The vertical arrows mark the best-fit centre of each Gaussian component considered in each system. The horizontal line marks the width of the Gaussian component.

      

    

  
    
      Fig. B.11 

      
        [image: thumbnail]
      

      
        Same as Fig. B.10 but for 13CO.

      

    

  
    
      Fig. B.12 

      
        [image: thumbnail]
      

      
        Same as Fig. B.10 but for C18O.

      

    

  
    
      Table B.3 

      Modulations in the CO vertical surface for HD 163296, MWC 480, and IM Lup.

      
        


	Source
	Line
	r0 (au)
	Width (au)
	Δz (au)
	Depth (Δz/z(r0))





	HD 163296
	12CO 2−1
	46.5±0.51
	11.96±2.05
	4.21
	0.41



	
	
	87.42±4.04
	28.21±8.92
	1.64
	0.08



	
	
	168.61±2.36
	55.64±5.75
	4.33
	0.08



	
	
	270.76±1.22
	20.28±3.18
	11.66
	0.15



	




	
	13CO 2−1
	46.94±0.67
	17.04±1.53
	4.01
	0.6



	
	
	85.68±0.9
	8.45±2.03
	4.36
	0.38



	
	
	144.54±0.81
	29.45±2.12
	8.38
	0.4



	
	
	285.01±1.89
	29.16±3.6
	6.31
	0.17



	




	
	C18O 2−1
	48.77±0.53
	22.13±1.3
	4.19
	0.81



	
	
	85.63±0.57
	11.5±1.04
	6.22
	0.74



	
	
	151.7±2.24
	47.17±3.86
	10.17
	0.92



	




	




	MWC 480
	12CO 2−1
	75.24±3.71
	41.41±13.82
	1.37
	0.09



	
	
	150.23±1.7
	44.95±4.1
	9.19
	0.23



	
	
	230.48±1.63
	29.52±4.45
	9.62
	0.15



	
	
	350.48±2.18
	55.1±3.06
	42.27
	0.43



	




	
	13CO 2−1
	62.89±1.52
	38.34±3.08
	4.46
	0.63



	
	
	238.47±1.74
	40.88±4.38
	10.51
	0.58



	
	
	347.62±2.62
	70.83±5.25
	14.05
	0.57



	




	
	C18O 2−1
	74.83±0.8
	23.51±2.17
	3.99
	0.76



	
	
	150.18±1.08
	47.9±1.74
	1.96
	0.24



	
	
	230.13±1.09
	46.67±2.28
	8.05
	0.63



	




	




	IM Lup
	12CO 2−1
	120.12±4.4
	117.51±14.44
	4.12
	0.11



	
	
	279.49±1.89
	34.75±5.25
	5.93
	0.05



	
	
	393.49±0.88
	19.66±2.78
	44.92
	0.28



	




	
	13CO 2−1
	136.34±2.1
	116.29±1.58
	15.35
	0.47



	
	
	393.97±0.9
	40.59±2.24
	34.55
	0.51





      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Conversion factor between the 12CO emitting surface (zCO) and the gas pressure scale height (H) as a function of the assumed CO density profile. This result is obtained by solving Eq. 5 and varying the critical density value for CO as indicated in the legend.

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Location of the emission surface of 12CO J = 2−1 as extracted in this work, shown by the broad shaded regions for IM Lup (in blue) and HD 163296 (in yellow). Dotted lines indicate the scattering surfaces as parametrized in Rich et al. (2021), and solid coloured lines indicate the parametrization of the gas pressure scale height derived in this work.

      

    

  
    
      Table C.1 

      Common parameters in DALI models.

      
        


	Parameter
	Value





	Chemistry
	



	Chemical Age
	l Myr



	[CO]/[H]
	1.35 × 10−4



	[PAH]
	10−4 ISM abundance



	




	Physical Structure
	



	gas-to-dust ratio
	100



	flarge (fraction small/large grains)
	0.85



	χ (Settling of large grains)
	0.2



	




	Stellar Parameters
	



	Lx
	1.0 × 1030 erg s−1



	Tx
	7.0 × 107 K



	ζc.r. (cosmic ray ionization rate)
	5.0 × 10−17 s−1





      

    

  
    
      Fig. C.4 

      
        [image: thumbnail]
      

      
        Extracted vertical profiles for 12CO J = 2 − 1 obtained using mock channel maps at different inclinations, from the GM Aur DALI model. Different colours trace the various inclinations, and the black lines indicate the 12CO millimetre optical depth values, as done in Fig. 8.
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