
    
      Fig. 3 
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        Three examples of H2 column density maps from the HGBS. The spatial resolution of the maps is 18″, sampled with a pixel size of 3″. As a reference, a white dot with diameter 90″ (which amounts to five times the resolution) is shown at the bottom right corner of each map. Estimates of spatial scales, also shown on the maps, are based on reported distances (see Table 1). The Polaris Flare is an example of a diffuse and quiescent cloud, while Aquila and Orion B are dense and very active star-forming regions.

      

    

  
    
      Fig. 5 
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        Illustration of the proposed test to confront two sets of summary statistics, ϕA versus ϕB, on their degeneracy level for a given dataset. Each star represents a pair of patches. Panel a: the presence of stars in the bottom right region, i.e., where dϕA ≫ 1 and dϕB ⪅ 1, reveals that some pairs of this dataset are identified by ϕA as incompatible but not by ϕB: such pairs thus evidence degeneracies of ϕB lifted by ϕA. Conversely, the presence of stars in the top left region evidences degeneracies of ϕA lifted by ϕB. Hence, if all the points land mainly in the sub-diagonal part (panel b), this evidences that ϕA is better suited than ϕB to compare the pairs of this dataset. If on the contrary the points are spread both in the upper left and bottom right regions of the plot (panel c), this shows that both ϕA and ϕB are individually not sufficient to describe the processes of this dataset.

      

    

  
    
      Fig. 7 
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        Examples of Gaussian confusions. Three pairs of 512 × 512 patches are chosen, whose locations on the scatter plot of Fig. 6 are given there by the red stars. The column density maps are shown in units of 1020cm−2. For each patch, we report: s the subsampling factor from the original 3″/pix map, d and b the approximated distance and Galactic latitude of the cloud. The pixel size (in mpc) of a patch is thus proportional to s × d. If a pair has patches (i, j) with incompatible pixel sizes, that we define according to the following criterion [image: equation], we color its labels in red.

      

    

  
    
      Fig. 10 
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        Confrontation of log-Gaussian statistics with RWST statistics on logFBM synthetic data (a), observations (b), simulations (c), and observation-simulation pairs (d). As expected, no log-Gaussian degeneracies are found for the logFBM data (a). However, some are found for the other cases (b,c,d). To investigate the log-Gaussian degeneracies in the observations, six pairs of patches, whose locations on the scatter plot (b) are given by the red stars, are shown in Fig. E.1. Only five stars are actually visible, but two of them are overlapped at the horizontal coordinate x = 10.

      

    

  
    
      Fig. 11 
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        Cumulative distributions of [image: equation] morphological distances between pairs extracted from multiple datasets. The different curves correspond to different choices of datasets from which the two patches of a given pair are extracted. This distance is based on ϕfinal, a set of 17 coefficients (seven log-Gaussian descriptors and ten RWST statistics). The same metric Mobs is used for all distances and is defined based on the observational dataset. The stars in the bottom sub-panel correspond to “close” and “distant” pairs shown in Fig. 12. An horizontal line at the value 1% is drawn to represent the proportion of pairs of neighboring patches in the sky. These pairs made of patches with strong statistical dependence are likely to lead to an underestimated distance with respect to the other pairs. While these corrupted pairs might significantly affect the gray curve below this horizontal line, they can only have a negligible influence above that line. Same applies for pairs of simulations (blue dashed curve).

      

    

  
    
      Fig. 12 
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        Closest (left) and more distant (right) pairs extracted from distributions of morphological distances reported in Fig. 11. Column density maps are shown in units of 1020cm−2. The colorbars can change from a pair to another. We see that the closest (OBS, SIM) pairs are much more distant [image: equation] than the closest (OBS, OBS) pairs ([image: equation]). See Sect. 6.3 for more detailed interpretation on these results. Some logFBM models end up quite close to the most diffuse regions observed: Polaris Flare and Corona Australis. Such regions are highly contaminated by CIB emission. Many (OBS, DTD) pairs are found to be close whereas the textures look very different. This shows that the set of summary statistics developed in this paper is tuned for ISM observations but is far from being sufficient for any kind of data. This also illustrates that MCs have much more regularity in terms of morphology than DTD textures.

      

    

  
    
      Fig. 13 
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        Comparison of closest (OBS, SIM) pairs (i, j) (gray boxes) to neighboring (OBS, OBS) pairs (i, i′). The top row focuses on the closest observation to simulations, which corresponds to a patch of Ophiuchus, while the bottom row focuses on the second closest patch, which is in Aquila. In the latter case, neighboring (but independent) observations of Aquila are significantly closer than the closest simulations. The maps are shown in units of 1020cm−2 but the colorbars can change from a pair to another.

      

    

  
    
      Fig. A.1 
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        Footprints of the Herschel Gould Belt Survey (HGBS) fields used in this study, overlaid on the total thermal dust intensity at 353 GHz from the GNILC (Remazeilles et al. 2011) variable resolution data of Planck (Planck Collaboration XII 2020).

      

    

  
    
      Fig. A.2 
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        Overview of the simulations. One snapshot is shown for each model (“Hydro high res”, “MHD”, and “MHD high B”), and the maps show the central 33 pc × 33 pc field for H2 column density integrated along the y-axis.

      

    

  
    
      Fig. A.3 
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        log-Gaussian parameters fitted on the observations used to sample logFBM data.

      

    

  
    
      Fig. E.2 
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        Statistics for the examples of log-Gaussian confusions shown in Fig. E.1. In each row, the orange filled line (resp. band) corresponds to the mean (resp. standard deviation) of the statistics computed over the four 256 × 256 subpatches of the top patch of each pair of Fig. E.1, and the corresponding blue lines and areas refer to the bottom patch of the pair. The top row corresponds to the RWST, starting with [image: equation] coefficients with four increasing scales j, then [image: equation] coefficients with three increasing scale ratios δ and finally [image: equation] coefficients with the same three scale ratios. The bottom row represents in the following order: mean of log followed by PS of log with six decreasing scales. The second and third rows show the offsets of these statistics with respect to the mean of the two.
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