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Delta-variance functions calculated for the Cygnus-X North cloud (left) and the Polaris Flare cloud (right). The vertical dashed black lines in both panels mark the position of the spatial resolution for each of these two regions. The vertical dashed red lines in the case of Polaris mark the spatial range over which the power-law fit is performed. We do not attemptany fit in Cygnus-X North because the underlying self-similar regime is heavily perturbed by the presence of structures (see Sect. 6.3).
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fBm images with values of β ranging from2 to 4 in steps of 0.5. All maps have a resolution of 1000 × 1000 pixels. The Δ-variance figures for all cases are compared in the bottom-right subpanel. All display a self-similar regime with an exponent of the power law of α = β − 2 (i.e., Eq. (4)). All maps are normalized by their own mean value. The random number series generating the phases has been kept the same in all maps.


    

  
    
      Fig. 7 
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2D Gaussian structures injected on top of an fBm image with β = 2.4. The Gaussian functions have an aspect ratio f = 5, a value of σ1 = 50 pixels, and a column density contrast between the peak of the 2D Gaussian and the mean value of the fBm, δc, that is varied between 1 and 5. All maps are normalized to their mean value. Bottom-right figure: corresponding Δ-variance functions calculated for each case, and these are compared to the Δ-variance function calculated for the underlying fBm image.
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Maximum deviation of the Δ-variance function in the presence of structures from that of a pure fBm as a function of the quantity
[image: equation], where A
is the area covered by the discrete structure(s) and δc
is the column density contrast between the peak of the structure and the mean value of the underlying fBm. The dashed line has a slope of one.
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Fractional probability distribution functions of the size of the major axis (left) and aspect ratio of clouds (middle) found in the 250 μm maps of the Hi-GAL survey (Molinari et al. 2016; Elia et al. 2017; full line) and in the 12CO FCRAO HCS survey (Heyer et al. 2001; Dib et al. 2009; dashed line). The distribution of column density contrast is assumed to be a power law. The distributions of L1 and f are fitted with parameterized functions. The values of the parameters of the fit are reported in the main text.


    

  
    
      Fig. 12 
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Top: examples of 200 (left), 300 (middle), and 400 (right) 2D Gaussian structures injected on top of an fBm image with β = 2.4. The Gaussian structures are randomly sampled using the distribution functions of the major axis size and aspect ratio distributions of the Hi-GAL clumps. The column density contrasts are randomly sampled from a distribution with ψ = 2.5. All syntheticmaps are convolved with a beam whose FWHM = 18.2′′. Bottom: Δ-variance spectrum of the synthetic models for cases with Ns = 200 (left), Ns = 300 (middle), and Ns = 400 (right) injected structures. Each synthetic spectrum is the average over 25 realizations, and the full lines represent the 1σ dispersion around the mean. The synthetic Δ-variance spectra are compared to those of the Cygnus-X North region and an fBm with β = 2.4.
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Top: examples of 50 (left), 100 (middle), and 200 (right) 2D Gaussian structures injected on top of an fBm image with β = 2.4. The Gaussian structures are randomly sampled using the distribution functions of the major axis size and aspect ratio distributions of the HCS clouds. The column density contrasts are randomly sampled from a distribution with ψ = 2.5. All syntheticmaps are convolved with a beam whose FWHM = 18.2′′. Bottom: Δ-variance spectrum of the synthetic models for cases with Ns = 50 (left), Ns = 100 (middle), and Ns = 200 (right) injected structures. Each synthetic Δ-variance spectrum is the average over 25 realizations and the full lines represent the 1σ dispersion around the mean. The synthetic Δ-variance spectra are compared to those of the Cygnus-X North region and an fBm with β = 2.4.
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Examples of synthetic maps generated by overlaying structures (2D Gaussians, Ns = 300) on top of an fBm image with β = 2.4. The properties of the structures are randomly sampled from distribution functions of the aspect ratio (Eq. (9)), size of the major axis (Eq. (10)), and column density contrast (Eq. (11)). All models shown here share the same values of δc = 2.5, (L1,min = 0.025 pc, L1,max = 5 pc), (fmin = 3, fmax = 12), and (δc,min = 1, δc,max = 3). All syntheticmaps are convolved with a beam whose FWHM = 18.2′′.


    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
Δ-variance spectra related to the models presented in Fig. 14. Each synthetic spectrum (blue triangles) is the average over 25 realizations of the maps with the same set of parameters. In all models, Ns = 300 and ψ = 2.5. The full line is the 1σ dispersion around the mean. The synthetic Δ-variance spectra are compared to that of the Cygnus-X North region and that of an fBm image with β = 2.4. In the grid of models, the best fit to the data of Cygnus North is for the case with ξ = −0.4 and η = −0.35.
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Same as the figure with ξ = −0.4, η = −0.35, ψ = 2.5, and Ns= 300 displayed in Fig. 15 but additionally showing the Δ-variance spectra of individual realizations with this set of parameters.
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Left: synthetic column density map generated by reinjecting the compact source extracted from the Cygnus-X North map on top of an fBm image (convolved with a beam with FWHM = 18.2′′) with β = 2.4. Right: Δ-variance spectrum of the synthetic models using this approach. The Δ-variance spectrum of the models is the average over 50 realizations, and the full lines represent the 1σ dispersion around the mean. The synthetic Δ-variance spectra are compared to that of the Cygnus-X North region and to the case of an fBm image with β = 2.4.
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