
    
      Fig. 1 
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        Scheme of the macro-atom interactions.

      

    

  
    
      Fig. 2 
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        Scheme of choosing the corresponding process. There is saved information for concrete transitions (lower rectangle represents transition of a specific type with a definition (Eq. (25))). Number of these transitions can be very high. For saving a computer time, first of all it is determined which process occurs. All total transition probabilities for specific processes are determined with Eq. (23). After the process determination the programme goes through all possible transitions and chooses the right one which satisfies the condition described in the text. In the example here eight processes are possible, out of them the fourth process is chosen and it contains eleven transitions. The fifth transition is then selected.

      

    

  
    
      Fig. 3 
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        Scheme describing the actual code routine.

      

    

  
    
      Table 1 

      Numbers of atomic levels included.

      
        


	Ion
	Max. principal quant. num.
	N of levels





	H I
	10
	55



	H II
	1
	1



	He I
	6
	53



	He II
	10
	55



	He III
	1
	1





      

    

  
    
      Table 2 

      Parameters used in Eqs. (38), (39) and (40) as a testcase.

      
        


	Effective temperature Teff
	14 734 K



	Stellar radius R*
	16145 R⊙



	Parameter R1
	6.0 R*



	Parameter R2
	6.5 R*



	Outer boundary R∞
	10 R*



	Outer boundary velocity V∞
	2.875 × 109 cm × s−1



	Density in an initial time ϱ0
	10−14 g × cm−3



	Clump density ϱcl
	10−13 g × cm−3



	Clump inner boundary r01
	6.05 R*



	Clump inner boundary r02
	6.45 R*



	Clump width σ
	0.15 R*





      

    

  
    
      Fig. 5 
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        Comparison of spectral line profiles calculated with different basic propGrids in the case of the single clump model. Left panel: hydrogen Lya line with a P-Cyg profile and the clump absorption component. Central and right panel: Hydrogen Balmer lines and neutral helium absorption lines. Line labels correspond to their vacuum wavelengths.

      

    

  
    
      Table 4 

      Computational statistic of the propagation grids in several cases.

      
        


	Num. of cells (NB) (basic grid)
	Num. of subcells
	Num. of virtual points
	Time of calculation
	〈χ2〉
	Rel. covering %



	
	
	
	Creation relative to t1 t1 = 0.617 s
	Pack. prop. relative to t2 t2= 267.18 s
	
	





	Regular, see Fig. 6
	
	
	
	
	
	



	103
	–
	–
	0.001
	0.150
	3.87
	15.3



	503
	–
	–
	0.1
	0.380
	1.03
	63.5



	1003
	–
	–
	0.7
	0.680
	0.33
	100.0



	1503
	–
	–
	1
	1.00
	0.15
	100.0



	Octgrid
	
	
	
	
	
	



	103
	3760
	103
	0.06
	0.178
	1.97
	92.9



	103
	40768
	104
	0.3
	0.256
	0.61
	100



	103
	404788
	105
	3
	0.452
	0.11
	100



	103
	4223 624
	106
	231
	0.908
	0.06
	100



	503
	424
	103
	1
	0.396
	1.02
	100



	503
	18 496
	104
	6
	0.401
	0.68
	100



	503
	328 720
	105
	60
	0.484
	0.17
	100



	503
	899 904
	106
	770
	0.897
	0.06
	100



	One-level subgrid
	
	
	
	
	
	



	103
	965
	103
	0.03
	0.174
	2.23
	100



	103
	45 956
	104
	0.2
	0.289
	0.45
	100



	103
	1 631 479
	105
	10
	0.809
	0.07
	100



	103
	54463 204
	106
	483
	2.426
	0.06
	100



	503
	0
	103
	0.5
	0.393
	1.30
	63.5



	503
	1400
	104
	5
	0.403
	0.98
	100



	503
	149 804
	105
	47
	0.443
	0.15
	100



	503
	6357 511
	106
	3767
	1.002
	0.04
	100



	1003
	0
	103
	4
	0.749
	0.33
	100



	1003
	8
	104
	38
	0.750
	0.33
	100



	1003
	27 902
	105
	402
	0.767
	0.29
	100



	1003
	1 907 557
	106
	3431
	0.830
	0.05
	100





      

      
Notes. We show the number of cells in the basic grid (second column), the total number of subcells (if subgrids are present, third column), the relative CPU time needed for grid creation (fourth column) and the relative CPU time of the packet propagation (fifth column). The reference values are corresponding CPU times needed to create the regular grid 1503. For each grid the standard deviation 〈χ2〉Eq. (42) is shown. This quantity describes the quality of the modGrid cell covering.




    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Comparison of spectra calculated with different propGrids in the case of the double clump density profile. Upper panels: with different number of cells in the basic propGrid. Middle panels: the octgrid: with different number of the virtual points, basic grid size is 10 × 10 × 10. Lower panels: the octgrid: with different number of virtual points, basic grid size is 50 × 50 × 50.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Comparison of spectra calculated with different propGrids in the case of the double peak density profile. Upper panels: the one-level type of the propagation grid with the number of the virtual points as a parameter, 10 × 10 × 10 basic grid. Middle panels: one-level grid type, 50 × 50 × 50 basic grid. Lower panels: one-level grid type, 100 × 100 × 100 basic grid.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Adaptive propagation grids calculated for the double-clump spherically symmetrical model. We have plotted only one quadrant in the zero plane. The red “circle” is the central star, blue circles represent the model grid shells and the grey and the blue Cartesian grid represent propagation grid. It is clear that in the area of the clump the density of the propGrid is much larger. Left: Octgrid, basic grid: 503, 106 virtual points, right: one-level subgrid, basic grid: 103, 106 virtual points.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Number of packets is one of the crucial factors for the magnitude of ratio: signal to noise in calculated spectra. Above: a comparison of calculated spectra for different number of packets. Below: relative changes between two spectra for each line. Spectra calculated for the grid NB=503.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Comparison between emergent spectra calculated by our MC code and by Tardis. Upper panels: spectra comparison, Lower panels: relative difference between the spectral fluxes. Left: Model with only resonance scattering included. Every time the packet interacts with an atom, it is directly emitted in the random direction with the same CMF frequency. Right: Downbranch mode: resonance scattering and fluorescence allowed. The deexcitation is possible also to an arbitrary lower atomic level.

      

    

  
    
      Table 5 

      A set of parameters used for the comparison with the Tardis code.

      
        


	Stellar luminosity
	109.44L⊙



	Velocity start (υ0)
	5000 km s−1



	Velocity end (V∞)
	30 000 km s−1



	Inner boundary
	8072.4 R⊙



	Outer boundary
	48 434.6 R⊙



	Uniform abundances ϵ
	ϵ(H) = 0.89, ϵ(He) = 0.11



	




	Number of packets
	4 × 107



	Propagation grid
	Regular, NB = 1503





      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Comparison between emergent spectra calculated by our MC code and by Tardis. Line interaction – the macro-atom mode: the resonance scattering, fluorescence, and the internal jumps (in the same ionization state) are included in the model. Upper panel: spectra comparison. Lower panel: relative difference between the spectral fluxes.

      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Scheme of the basic propGrid and its coordinates. For simplicity, only two dimensions, coordinates x and y, are plotted here. Each cell has widths [image: equation] and [image: equation]. Numbers below the figure and on the left denote [image: equation] and [image: equation] for particular cells, respectively. The cell indexes following from Eq. (A.1) are written in the centers of selected cells. Generalization to three dimensions is straightforward.

      

    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
        Propagation cell and its orientation to the coordinate system. The boundaries are signed as follows: the blue x+, the red x−, the green y+, the yellow y−, the front z−, and the back z+. The colour cube was created using the code from https://tex.stackexchange.com.

      

    

  
    
      Fig. A.3 
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        Adaptive propGrid ‘octgrid’. Every cell can be recursively divided into four (in a 2-D case) or eight (in the 3-D case) cells until the predefined minimum cell limit is reached.

      

    

  
    
      Fig. A.4 
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        Adaptive propGrid one-level subgrid. In every basic cell (red colour) a subcell with number of cells nx,ny,nz and variable widths wx,wy, and wz is created.
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