
    
      Fig. 1 
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        Different treatments of the interstellar radiation field, as shown through the correlation between the clouds’ H2 mass vs. CO(1–0) luminosity: the left-hand panel shows a non-localized implementation (i.e., same ISRF for all clouds in a galaxy) whereas the right-hand panel shows the localized treatment (considering the 64 nearest-neighboring clouds). SLICK’s clouds are indicated by the hexagonal bins, where the colormap indicates the strength of the radiation field impinging on the clouds. The localized ISRF approach better matches observed z = 0 extragalactic GMCs (red filled circles; Bolatto et al. 2008; Pineda et al. 2009; Meyer et al. 2011; Wong et al. 2011; Rebolledo et al. 2012; Meyer et al. 2013).

      

    

  
    
      Fig. 2 
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        Example of the resolved CO emission and H2 surface density from two massive galaxies, at z = 1 (top) and z = 2.5 (bottom). The half-light radii of the CO transitions labelled at the top of each panel are represented by the black circles, whereas the H2 half-mass radii are represented by the white circles.

      

    

  
    
      Fig. 3 
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        Average radial profiles of CO surface brightness and H2 surface density. The x-axis is plotted in log scale. The solid lines represent the median values per radial bin, averaged across the galaxy sample shown in each panel. The shaded regions encompass the 16th and 84th percentiles of the values per radial bin. Each column shows a different redshift slice, as labelled at the top, whereas each row is for a different stellar mass bin, as indicated in the left of each row. Given the volume of SIMBA25, the highest mass bin contains the fewest galaxies. Only three CO transitions are shown, for clarity (legend at right).

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Average radial profile of the CO line luminosity ratios, in the same bins of redshift (columns) and stellar mass (rows) as the figures above. The solid lines represent the median line ratios, averaged across the entire galaxy sample shown in each panel, while the spread encompasses the 16th to 84th percentile values.

      

    

  
    
      Fig. 6 
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        Histogram of the size ratio of CO(1–0) half-light radii (r1/2,CO(1−0)) to H2 half-mass radii [image: equation] for galaxies in 9 snapshots color-coded by three redshift bins (as shown in legend in the top right). The y axis is in log scale (with linearly described ticks). The dashed lines show the median value of the size ratio quoted in Table 1.

      

    

  
    
      Table 1 

      Size ratios and H2 fraction.

      
        


	Quantity
	z = 0.8–1.2
	z = 1.8–2.2
	z = 2.5–3.5





	a r1/2,CO(3–2)/r1/2,CO(1–0)
	[image: equation]
	[image: equation]
	[image: equation]



	b r1/2,CO(5–4)/r1/2,CO(1–0)
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	d H2 fraction at
r <= 2r1/2,CO(1–0)
	[image: equation]
	[image: equation]
	[image: equation]





      

      
Notes. (a)CO(3–2) half-light to CO(1–0) half-light radii ratio, (b)CO(5– 4) half-light to CO(1–0) half-light radii ratio, (c)CO(1–0) half-light to H2 half-mass radii ratio (d)H2 mass fraction within twice the CO(1– 0) half-light radius, for galaxies in three redshift bins. The median values are shown here as well as the 16th and 84th percentiles as sub/super-scripts respectively.




    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Histograms of the size ratios of (a) CO(3–2) half-light radii (r1/2,CO(3−2)) to CO(1–0) half-light radii (r1/2,CO(1−0)), (b) CO(5–4) half-light radii (r1/2,CO(5−4)) to CO(1–0) half-light radii (r1/2,CO(1−0)), and (c) CO(5–4) 90%-light radii (r90,CO(5−4)) to CO(1–0) 90%-light radii (r90,CO(1−0)) for galaxies in 9 snapshots color-coded by three redshift bins (as shown in legend in the top right). The y axis is in log scale (with linearly described ticks). The dashed lines show the median values of the size ratios quoted in Table 1.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        CO half-light radii as a function of galaxy stellar mass, in three redshift bins (one for each panel, as labelled at top), for both the simulated galaxies (line and shaded region) and observed galaxies. Median values are shown as solid lines, whereas the spread; that is, 16th–84th percentiles, are shown as shaded regions. Given the similarity between the half-light radii of the different CO transitions, we only show r1/2,CO(3−2) of all galaxies as diamonds for clarity (see legend at right). Our predictions are compared to CO sizes measured from observations by Kaasinen et al. (2020); Ikeda et al. (2022); Rizzo et al. (2023); Tadaki et al. (2023).

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        αCO vs. gas-phase metallicity per pixel, including the pixels of all synthetic CO(1–0) maps for the entire z = 1–3 sample. The color-coding represents the number of pixels per hexbin as shown via a color bar on the right of the figure. The columns again show different redshift bins, whereas the rows indicate the radial position of the clouds within the galaxies with respect to twice the CO(1–0) half-light radius of the galaxy: inner (top), outer (bottom).

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        αCO vs. UV field strength, χ, per pixel. The column and row separation, and color-coding are the same as for Fig. 10.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        αCO vs. hydrogen number density per pixel. The column and row separation, and color-coding are the same as for Fig. 10.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        αCO vs. non-thermal velocity dispersion per pixel. The column and row separation, and color-coding are the same as for Fig. 10.

      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        r32 vs. hydrogen number density per pixel, including the pixels of all synthetic CO(1–0) and CO(3–2) maps for the entire z = 1–3 sample. The column and row separation, and color-coding are the same as for Fig. 10.

      

    

  
    
      Fig. A2 

      
        [image: thumbnail]
      

      
        r32 vs. gas temperature per pixel. The column and row separation, and color-coding are the same as for Fig. 10.

      

    

  
    
      Fig. A3 

      
        [image: thumbnail]
      

      
        Average radial profile of the CO line luminosity ratios, in the same bins of redshift (columns) as Fig. 5, but the rows now in bins of ΣSFR. The solid lines represent the median line ratios, averaged across the entire galaxy sample shown in each panel, while the spread encompasses the 16th to 84th percentile values.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Probability distribution function of the interstellar radiation field (χ) of each pixel in our sample of galaxies at z = 1–3. The columns and rows indicate the same redshift, and stellar mass bins as in Fig. 3.
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