
    
      Fig. 3. 
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        Color RGB images for NGC 625 (left panel), NGC 1705 (middle), and NGC 5253 (right) with Herschel/PACS-R as red, ACA 12CO(1–0) as green, and HI as blue; North is up, East is to the left. The image dimensions are 130 × 105 arcsec2 for NGC 625, NGC 1705, and 120 × 105 arcsec2 for NGC 5253. All observations have roughly spatial resolutions of ∼250 pc (see text for more details). The white color indicates where HI, CO, and dust are cospatial. As in Fig. 2, also indicated are the HII regions A–D of NGC 625 (Cannon et al. 2004); the dust clouds and SSC in NGC 1705 (Cannon et al. 2006); and the unusual CO+dust cloud “D1” in NGC 5253 that coincides with the brightest, highly dust embedded SSC (Turner et al. 2017).
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        Representative fits of Eq. (3) with significant γ values to illustrate the importance of two temperatures in the fitting function. The long-dashed red curves show the MBB with Tcool, the dot-dashed blue curves Twarm, and the gray (solid) ones the overall best fit. The (heavy) purple long-dashed curve corresponds to a single-temperature MBB with Tdust, normalized to the 160 μm data point. For γ > 0, the simple MBB is clearly missing the contribution toward higher frequencies caused by warm dust at Twarm.

      

    

  
    
      Fig. 7. 
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        Atomic gas column density NHI versus 160 μm optical depth τ160 (left panel) and CO ACA (velocity-integrated) TB versus τ160 (right). Only regions with S/N ≥ 3 are shown (and included in the fits). The best-fit linear relations (Eq. (6)) for τ160 as a function of NHI are shown as heavy curves (in log space), and only consider the points with 1019  ≤  NHI   ≤  1021 cm−2 because of the need to consider the regions dominated by HI. The lighter curves show the fit to Eq. (5) as described in the text, and are used to determine [image: equation]. Also shown are the GMCs from Lee et al. (2018) assuming AV/τ160 = 2200 for consistency with their paper. The vertical line shows the equivalent of AV = 1 assuming this conversion. The heavy (colored) curves in the right panel correspond to ICO binned in log(τ160), and the gray curve is the fit from Lombardi et al. (2006) for CO in the MW Pipe Nebula GMC versus AV converted to τ160 as above (see also the study Pineda et al. 2008, on the Perseus molecular cloud complex).

      

    

  
    
      Fig. 10. 
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        Relations between AV and τV. Left panel: τV inferred from Eq. (11) for the targets plotted against log10([image: equation]). The heavy dashed curve shows the true solution, and the lighter weight solid curve shows not identity, but rather y  = log10(τV)  =  x − log10(1.086)+log10(2), where x  =  log10([image: equation]). The factor of 2 takes into account that [image: equation] only probes the extinction along the line of sight, i.e., the front of the foreground screen, and the other factor is from Eq. (9). The difference of the two quantities τV and [image: equation] is negligible at low τV, but becomes significant for [image: equation] ≳0.3 − 0.5 mag. At [image: equation] > 1 mag, τV “runs” away, relative to AV. Right panel: Residuals of τV − 2 [image: equation]/1.086 versus log(AV). Although difficult to appreciate in the left panel, 34% of the data points have residuals > 0.05, marked by the horizontal dashed line.

      

    

  
    
      Fig. 11. 
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        CO velocity-integrated TBICO plotted versus (logarithm) visual extinction AV (left panel) and (logarithm) visual dust optical depth τV (right). The top axes show the scale for τ160 assuming that AV/τ160 = 2180, as described in Sect. 5.3. The light curves show fits to Eq. (12). Heavy curves show the medians for each galaxy binned in log10(AV), (left), log10(τV), (right), with the shaded regions corresponding to ±1σ deviations. Also shown in both panels are the MW GMCs studied by Lee et al. (2018), with AV inferred from Planck; see Sect. 5 for more details.

      

    

  
    
      Fig. 12. 
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        XCO estimated from Eq. (14) is plotted as a function of AV in the left panel, and of τV in the right. As in Fig. 8, we include as horizontal dashed lines, XCO that would be estimated from the metallicity dependence found by Hunt et al. (2020), as XCO ∝ Z−1.55. The MW XCO = 2.3  ×  1020 cm−2/K km s−1 is also given together with the uncertainties. Heavy curves show the medians for each galaxy binned in [image: equation] (left) and τV (right) with shaded regions showing the 1σ standard deviations.

      

    

  
    
      Fig. 13. 
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        XCO estimated from Eq. (8) versus ICO in the top panel (250 pc resolution); XCO from Eq. (14) in the middle (40 pc resolution); and from Eq. (15) in the lower (40 pc resolution). Also shown as dark-gray dot-dashed lines are the predictions from Narayanan et al. (2012) for the different metallicities of our targets. The 1 kpc trend from Hu et al. (2022), valid for all metallicities, is shown as a light-gray solid line (labeled “1 kpc”). The brown solid (dashed) curves correspond to 0.3 Z⊙ (Z⊙) metallicities at 125 pc resolution (top panel) and at 32 pc (middle and lower ones). The 0.3 Z⊙ curves are the best approximation to the metallicities of our target starbursts. The robust fit in logarithmic space to our data is shown as a dark-yellow line with 1σ excursions by the yellow shaded area; in the lower panels, the dashed dark-yellow line reproduces the 250 pc best fit shown in the upper panel. The trends seen in our data follows the predictions of Hu et al. (2022), in terms of excursion, but we find a steeper slope and an overall higher normalization. We attribute this to the theoretical W10 not being the exact same quantity as observed ICO, so we approximate W10 as ICO, which is a better approximation at high ICO, when XCO is low, but which is far from true at low ICO, when XCO is high. See text for more details.

      

    

  
    
      Fig. A.1. 
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        τ160 from MBB-T2 fits plotted against MBB τ160. log τ160(MBB − T2)  =  (1.073  ±  0.010) log τ160(MBB)+(0.46  ±  0.05) The scatter of the comparison is ∼0.13 dex; the shaded region denotes ± 1σ relative to the best fit. In general, τ160(MBB-T2) is larger than τ160(MBB), as shown by the nonunit power-law slope and positive intercept.

      

    

  
    
      Fig. A.2. 
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        Distributions of rms values from MBB (left) and MBB-T2 (right) fits. Median values for each galaxy are shown by vertical dashed lines. The rms values of the MBB-T2 fits is generally excellent, possibly due to the extra fitted parameter and the consequent zero degrees of freedom. There are 3 regions each in NGC 625 and NGC 5253 not included here because their rms values exceed 0.5 dex.

      

    

  
    
      Fig. A.3. 
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        Distribution of fitted γ from MBB-T2 fits. The vertical dashed lines show the median fraction of IR emission due to the warmer component: (0.00, 0.14, 0.08) for NGC (625, 1705, 5253).
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