
    
      Table 1 

      Input parameters used in the background disk model.

      
        


	Parameter
	Name
	Value
	Unit
	Reference





	M⋆
	Stellar mass
	0.7
	M⊙
	(1)



	L⋆
	Total stellar luminosity
	6
	L⊙
	(2,3)



	Teff
	Stellar effective temperature
	4000
	K
	(2,3)



	ƒUV
	Stellar UV excess
	0.01
	–
	(1)



	pUV
	UV power law index
	1.3
	–
	(1)



	LX
	X-ray luminosity
	1 × 1023
	J s−1
	(1)



	TX
	X-ray emission temperature
	2 × 107
	K
	(1)



	




	ρm
	Monomer material density
	2094
	kg m−3
	(1)



	amin
	Minimum background model grain size
	5 × 10−8
	m
	(1)



	apow
	Background grain size distribution power law slope
	3.5
	–
	(1)



	Nbins
	Number of grain size bins
	100
	–
	(1)



	




	Mdisk
	Disk mass
	0.1
	M⊙
	(3)



	δ
	Dust to gas mass ratio
	0.01
	–
	(1)



	rin
	Inner disk radius
	0.07
	AU
	(1)



	rout
	Outer disk radius
	600
	AU
	(3)



	ϵ
	Column density exponent
	1
	–
	(1)



	rtaper
	Tapering-off radius
	100
	AU
	(1)



	H0
	Reference scale height
	10
	AU
	(1)



	r0
	Reference scale height radial distance
	100
	AU
	(1)



	γ
	Disk tapering-off exponent power
	1
	–
	(1)



	β
	Flaring power
	1.1
	–
	(3)



	α
	Turbulence strength parameter
	10−3
	–
	(3)





      

      
References. (1) Woitke et al. (2016), (2) Siess et al. (2000), (3) this work.




    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Radial behaviour of amax for the four different background models considered throughout this work.

      

    

  
    
      Fig. 3 
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        Integrated residence time for monomers of sm = 5 × 10−8 m (blue), 3 × 10−4 m (orange), and 3 × 10−3 m (green) as a function of height z at r = 10 AU. The solid lines denote the histogram obtained from the trajectories of 103 monomers combined, whereas the dashed lines are the theoretical vertical density profiles expected from Eq. (8). The vertical dashed lines depict the locations where z = Hd for each monomer size.

      

    

  
    
      Table 2 

      Frequency of different collision outcomes for the collisional histories in Fig. 4.

      
        


	υfrag (m s−1)
	1 Freq.
	%
	5 Freq.
	%
	10 Freq.
	%





	Coagulation
	8.9 × 105
	26.2
	4.3 × 106
	87.5
	5.0 × 106
	97.2



	Fragmentation
	9.3 × 105
	27.4
	2.0 × 105
	4.0
	0
	0



	Erosion
	2.5 × 105
	7.3
	1.0 × 105
	2.1
	7.4 × 103
	0.1



	Ejection
	5.8 × 105
	17.4
	3.0 × 105
	6.0
	1.3 × 105
	2.6



	Impact
	7.3 × 105
	21.7
	2.2 × 104
	0.4
	0
	0



	




	Total
	3.4 × 106
	
	4.9 × 106
	
	5.1 × 106
	





      

    

  
    
      Fig. 5 
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        Exposure probability as a function of monomer depth zm for different filling factors ϕ.

      

    

  
    
      Fig. 6 
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        Particle size as a function of time (left panel) and ice mass (scaled with the initial ice mass) as a function of radial distance (right panel) for pure H2O particles undergoing radial drift and thermal sublimation. Different colors denote different particles sizes. The trajectories predicted by the model of this work (solid lines) are compared with the trajectories calculated by Piso et al. (2015; dots). The vertical dashed line in the right panel denotes the position of the H2O iceline at 0.67 AU as calculated by Piso et al. (2015).

      

    

  
    
      Fig. 7 
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        Grain size for which the local Stokes number is equal to 10−3, as a function of position in the const background disk model. The red curve encloses where particles of the size for which St = 10−3 are in the Stokes drag regime.

      

    

  
    
      Fig. 8 
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        Behaviour of the timescales associated with various disk processes as a function of radial distance r. Timescales shown are for a monomer of size sm = 10−5 m with a pure H2O ice mantle, located at z/r = 0.05. The dashed line at t = 108 yr indicates the upper limit on timescales relevant for planet formation.

      

    

  
    
      Fig. 10 
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        Evolution of the vertical positions (upper left panel), radial positions (upper center panel), temperatures (upper right panel), local UV fluxes (lower left), and local molecular number density in the gas phase (lower center) for monomers in home aggregates with different fragmentation velocity υfrag, released from r = 10 AU and z/r = 0. The black dashed line in the lower left panel indicates a UV radiation field strength of 1 FDraine. Linestyles in the lower center panel indicate number densities of different gas phase species.

      

    

  
    
      Fig. 11 
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        Collision histories and resulting home aggregate sizes sa as a function of time for monomers in aggregates of different fragmentation velocities υfrag. Note that the vertical position of each collision event coincides with the home aggregate size sa after the collision has occurred.

      

    

  
    
      Fig. 12 
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        Evolution of monomer depth zm for monomers embedded in home aggregates with υfrag = 1 m s−4 (left), 5 m s−1 (center), and 10 m s−1 (right). Green areas denote the times at which the monomer is exposed to gas phase molecules and UV photons, while the monomer is shielded from impinging molecules and UV photons otherwise. In each panel, the dashed line indicates zm = zcrit.

      

    

  
    
      Fig. 13 
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        Evolution of the total ice mass mice of monomers in aggregates with different fragmentation velocity υfrag (left panel), together with snapshots of the monomer ice composition at 10 kyr (center panel), and 100 kyr (right panel).

      

    

  
    
      Table 4 

      Frequency of different collision outcomes for the collisional histories in Fig. 11.

      
        


	υfrag (ms−1)
	1 Freq.
	%
	5 Freq.
	%
	10 Freq.
	%





	Coagulation
	1018
	87.4
	551
	89.0
	473
	89.2



	Fragmentation
	25
	2.1
	3
	0.4
	2
	0.3



	Erosion
	26
	2.2
	7
	1.1
	0
	0



	Ejection
	76
	6.5
	46
	7.4
	44
	8.3



	Impact
	20
	1.7
	12
	1.9
	11
	2.1



	




	Total
	1165
	
	619
	
	530
	





      

    

  
    
      Fig. 14 
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        Evolution of the total amount of ice (left panel), H2O ice (center), and NH3 (right) averaged over 500 monomers for different home aggregate filling factors. Solid lines indicate the mean of the 500 monomers, whereas dotted lines indicate the standard deviation. The black dots indicate the ice evolution behaviour predicted by ProDiMo for the vFrag5-model. Trajectories of individual monomers are also shown in the background.

      

    

  
    
      Fig. A.1 
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        Physical disk structure of the const-model.

      

    

  
    
      Fig. A.2 
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        Physical disk structure of the vFrag1-model.

      

    

  
    
      Fig. A.6 
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        Chemical disk structure of the vFrag1-model.

      

    

  
    
      Fig. A.8 
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        Chemical disk structure of the vFrag10-model.

      

    

  
    
      Fig. B.1 
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        Example of a 3D random walk through an aggregate of radius sa = 10−5 m and ϕ = 0.5 (top view). The colorscale indicates the z-coordinate of the molecule. The black dot and cross denote the starting point and the location where the molecule crosses the aggregate surface, respectively.

      

    

  
    
      Fig. B.2 
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        Distribution of escape timescales of 100 model runs in aggregates of ϕ = 0.5 and varying radius. Molecules are always released from the center of the aggregate.
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