
    
      Fig. 3 
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Same as Fig. 2 but for the DUSTGAPS model and the DUSTGAPS FREEZE model. For the latter the gas and dust temperature and chemical structure is the same as in the SMOOTH model. Top panel: the SMOOTH model (blue solid line) is also shown for reference.


    

  
    
      Fig. 5 
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CO number density and the 12CO J = 2−1 emitting layer (hatched area) for the four fiducial models. The upper and lower bound of the emitting layer at each radius correspond to 15 and 85 percent of the total flux, integrated from top to bottom. The white solid contour shows Tdust = 25 K. To determine the emission layer we assume that we are looking face-on onto the disk.


    

  
    
      Fig. 7 
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Deviations ⟨δvrot⟩ from the Keplerian velocity for the GASGAPS S model. Here we show the individual contributions to ⟨δvrot ⟩ from the height of the 12CO J = 2−1 emission layer (grey solid line), the density gradient (brown solid line), and the temperature gradient (pink solid line). The green solid line shows ⟨δvrot⟩ including allthe components (same as in the bottom panel of Fig. 6).


    

  
    Table A.1 

Main parameters for our reference HD 163296 model.



	Quantity
	Symbol
	Value





	Stellar mass(a)
	M*
	2 M⊙



	Stellar effective temp.
	T*
	9000 K



	Stellar luminosity
	L*
	17 L⊙



	




	Strength of interst. FUV
	χISM
	1(b)



	




	Min. dust particle radius
	amin
	0.02 μm



	Max. dust particle radius
	amax
	8.2 mm



	Dust size dist. power index
	apow
	3.85



	Turbulent mixing parameter
	αset
	10−4



	Max. hollow volume ratio(c)
	Vhollow,max
	0.8



	Dust composition(d)
	Mg0.7Fe0.3SiO3
	69%



	(Volume fractions)
	Amorph. carbon
	6%



		Porosity
	25%



	




	Main disk



	Disk gas mass
	Md
	0.168 M⊙



	Dust/gas mass ratio
	d∕g
	0.01



	Inner disk radius
	Rin
	2.5 au



	Tapering-off radius
	Rtap
	110 au



	Column density power ind.
	ɛ
	0.95



	Tapering-off exponent
	γ
	0.7



	Reference scale height
	H(100 au)
	7.55 au



	Flaring power index
	β
	1.15



	




	Inner disk



	Disk gas mass
	Md,I
	1.3 × 10−4 M⊙



	Dust/gas mass ratio
	d∕gI
	1.15 × 10−5



	Inner disk radius
	Rin,I
	0.41 au



	Outer disk radius
	Rout,I
	2.5 au



	Column density power ind.
	ɛI
	1.11



	Reference scale height
	HI(1 au)
	0.077 au



	Flaring power index
	βI
	1.0



	Max. dust particle radius
	amax,I
	2.4 μm



	




	Inclination(e)
	i
	46.7°



	Position angle
	PA
	133.3°



	Distance(f)
	d
	101 pc






Notes. For more details on the parameter definitions, see Woitke et al. (2009, 2011, 2016). (a) Stellar properties consistent with Fairlamb et al. (2015). (b) χISM is given in units of the Draine field (Draine & Bertoldi 1996; Woitke et al. 2009). (c) Distributed hollow spheres dust opacities (Min et al. 2005, 2016). (d)Optical constants from Dorschner et al. (1995) and Zubko et al. (1996). (e) Inclination and position angle are from Table A.1 of Huang et al. (2018). (f)Gaia distance from Andrews et al. (2018); consistent with Fairlamb et al. (2015).





  
    
      Fig. A.1 
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Two-dimensional disk structure for the SMOOTH model. From top left to bottom right: surface densities, gas density ρgas, dust density (ρdust), far-UV radiation field (χ), gas temperature (Tgas), and dust temperature (Tdust). The 2D contour plots only show the region from r = 20 to r = 180 au, to clearly show the physical properties within the prominent dust gaps (e.g. Fig. A.2). The contour lines in the plots for the gas and dust density correspond to the values indicated in the colour bar. The red contour line in the radiation field plot (first column bottom row) indicates a visual extinction of unity.


    

  
    
      Fig. A.2 
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Same as Fig. A.1 but for the DUSTGAPS model.


    

  
    
      Fig. A.3 
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Same as Fig. A.1 but for the GASGAPS model.


    

  
    
      Fig. A.4 
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Same as Fig. A.1 but for the GASGAPS S model.


    

  
    
      Fig. B.1 
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One velocity channel of the 12CO J = 2−1 line cube showing the Keplerian masks for the front (white solid line) and back side (red dashed line) of the disk. The colour scale shows the line intensity in Jy beam−1.


    

  
    
      Fig. D.1 
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Same as Fig. 8 but the inclination for the models is i = 5°. The dotted vertical lines indicate the location of the three prominent dust gaps. The grey solid line with error bars shows the 12CO J = 2−1 observationsfor reference.


    

  
    
      Fig. E.1 
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Same as Fig. 6 but for the C18O J = 2−1 line.
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