
    
      Fig. 3 
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        Graph illustrating the hierarchical Bayesian model employed in this work. The sky models in the upper layer correspond to the Gaussian fields, ψ,ρ, and χ, in that order. This graph omits several layers at the top, which are similar for each Gaussian field and contain the correlation structure modeling. For details on those, see Appendix A and Arras et al. (2022).

      

    

  
    
      Fig. 5 
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        Posterior mean for the LoS-averaged parallel magnetic field of the Milky Way. The color scale is saturated at ±3. µG.

      

    

  
    
      Fig. 7 
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        Inference results for the logarithmic ϱEM/DM (panel a) and [image: equation] (Fig. b)) skies. Both quantities highlight different aspects of the ionized ISM (see Eqs. (11) and (12) for their definitions and Sect. 2.3.1 for the accompanying discussion). The [image: equation] sky map is directly modeled in our work, while the ϱEM/DM map was calculated in a post-processing step.

      

    

  
    
      Fig. 10 
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        Cutouts of several sky maps toward the HII region Sh 2-27. The images show a) [image: equation], b) [image: equation], c) ϱEM/DM, and d) the foreground reduced B‖gal image from Raycheva et al. (2022), which is derived from diffuse polarized radio emission. The contours of the latter image are plotted over the first three images, with contour lines set at −2 µG (light blue) and −6 µG (dark blue). The elliptic boundary in d) indicates the projected boundaries of Sh2-27 assumed in Raycheva et al. (2022).

      

    

  
    
      Fig. 11 
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        Cutouts of several sky maps toward the Smith HVC. The images show a) [image: equation], b) [image: equation], c) ρEM/DM, and d) velocity-integrated HI observed by Justify the Green Bank Telescope (Lockman et al. 2008). Contours of the HI data are plotted over the first three images, with contour lines set at 30 K km s−1 (light violet) and 60 K km/s (dark violet).

      

    

  
    
      Fig. 12 
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        Scatter plots of pulsar observables vs. the respective inferred Galactic values. The coloring indicates the posterior mean of the wP parameter introduced in Eq. (19). Figs. (a) and (b) illustrate the RMp – RMgal correlation at high and low latitudes, respectively. Figs. (c) and (d) illustrate the correlation of the pulsar temporal broadening parameter, τsc , with DMgal and ϱEM/DM , respectively.

      

    

  
    
      Fig. A.1 
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        Illustrations of the priors used for the [image: equation] , DMgal and [image: equation] sky models. The right side shows sky maps corresponding to four different samples drawn from the respective prior distributions. The left side shows histograms of the same prior samples, and additionally a line summarizing the distribution of values over 100 samples. The histograms were normalized to unity to ensure comparable scales.

      

    

  
    
      Fig. B.1 
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        Synthetic datasets produced according to the procedure outlined in Sect. B. The plots show projections on the sky for the ideal (panel a) and realistic (panel b) cases of pulsar DM, as well as the RM (panel c) and EM data (panel d) sets.

      

    

  
    
      Fig. B.2 
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        Ground truth and inference results for the synthetic data. The left column shows the ground truth for the B‖gal, log-DMgal and [image: equation] skies. The middle and right column show the corresponding results for the ideal and realistic cases of pulsar DMs, respectively.

      

    

  
    
      Fig. C.1 
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        Inference results for the Galactic Faraday and EM skies. Panel (a) shows the posterior mean for the Faraday sky, while panel (b) shows the posterior mean for the logarithmic EM sky.
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