
    
      Fig. 3. 
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        Ratio between [CI]-based molecular gas mass estimates and CO(1–0) line luminosity, computed for the ULIRGs in our sample that have both lines available, and plotted as a function of the infrared luminosity. This ratio is interpreted as the αCO factor (see Eq. (10)). The right part of the plot shows the resulting distribution of [CI]-based αCO values. The dotted line indicates the CO-to-H2 conversion factor for the Milky Way, and the dashed line corresponds to the value commonly used in the literature for (U)LIRGs (Downes & Solomon 1998). The mean and median values obtained for our sample (reported at the top-right corner) are αCO = 1.9 ± 0.4 M⊙ and 1.7 ± 0.5 M⊙ (K km s−1 pc2)−1, respectively.

      

    

  
    
      Fig. 5. 
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        Global CO(1–0), CO(2–1), CO(3–2) (top panels) and [CI](1–0) (bottom panels) line luminosity plotted as a function of LIR (left), SFR (middle), and LAGN(right) for our sample of ULIRGs. In each plot, the dashed lines are the best-fit relations obtained from a least squares regression analysis conducted for each transition separately (color-coded according to the transition; see the legend in the top-left panel). In the bottom panels, the shaded gray areas correspond to the 1σ confidence interval of the fit. The bottom panels also report the Pearson correlation coefficients (ρ) and their associated p-values. The top-left panel also shows the [image: equation] − LIR relations found by Sargent et al. (2014) for local main-sequence (dot-dashed black line) and SB galaxies (dotted black line), and the [image: equation] − LTIR relation obtained by Herrero-Illana et al. (2019) using IRAM 30m CO(1–0) observations of 55 local sources in the GOALS sample, which comprises mostly LIRGs with LIR < 1012 L⊙ and with a < 20% AGN contribution to LIR. In the top-middle panel, for better visualization, we over-plot with darker colors the data in bins of SFRs. In this plot, the solid purple line represents the [image: equation]-SFR best fit obtained by Cicone et al. (2017) for the ALLSMOG and COLDGASS samples of local star-forming galaxies, described by [image: equation].

      

    

  
    
      Fig. 7. 
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        CO line ratios as a function of galaxy properties: LIR (top left), SFR (top middle), molecular gas depletion timescale due to star formation τdep ≡ Mmol/SFR (top right), molecular gas mass Mmol (computed by using the average αCO derived in this work; bottom right), LAGN (bottom middle), and AGN fraction (LAGN/Lbol; bottom right). We show the binned values using darker colors, overplotted on the individual data points. Dashed lines indicate the best-fit relations obtained from a least squares regression analysis conducted for each transition line separately. The color coding refers to different line ratios, as indicated in the legend at the top-right corner of each plot.

      

    

  
    
      Fig. 10. 
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        Individual spectral component analysis of the CO line ratios as a function of the gas kinematics for our sample of ULIRGs. We set a detection threshold of 2σ for the flux of each Gaussian component in order to compute the ratios. The top, central, and bottom rows show, respectively, the r21, r31, and r32 plots. Left column: Line ratios as a function of the velocity dispersion, σv (line width of the spectral Gaussian component). Middle column: Line ratios as a function of the module of the central velocity of the spectral Gaussian component (|vcen|), measured with respect to the galaxy’s redshift, reported in Table 1. Right column: Line ratios as a function of the σv + |vcen| parameter. The dashed lines correspond to the best-fit relations obtained from a least squares regression analysis, and the shaded gray areas correspond to the 1σ confidence interval of the fit. The Pearson correlation coefficients and associated p-values are reported at the top-right corner of each plot, although they are less informative than the best fit because they do not take the (large) error bars into account.

      

    

  
    
      Fig. 11. 
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        Global CO line ratios as a function of OHmax (left) and OHEQW (right) for the sources with OH119 μm data as reported in the literature (see Table 1). The binned values (computed in the same way as in Sect. 5.4) are shown using darker colors and overplotted on the individual data points. Dashed lines indicate the best-fit relations obtained from a least squares regression analysis conducted for each transition line separately. The color coding refers to different line ratios, as indicated in the legend at the top-right corner of each plot.

      

    

  
    
      Fig. 12. 
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        Global r21 ratios plotted as a function of [CI]-derived αCO values. The purple dashed line shows the best-fit relation, with its corresponding 1σ confidence interval represented by the gray shaded area. Neither the Pearson correlation coefficient (ρ) nor the regression analysis suggest any correlation between these quantities.

      

    

  
    
      Fig. 13. 
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        Global rCICO as a function of the velocity dispersion of the gas. Top row: [CI](1–0)/CO(1–0) luminosity ratio as a function of σv, CO from the single Gaussian fit (see Sect. 5.1.2, left), and as a function of v97.7 − v2.3 velocity interval for CO (right). Bottom row: rCICO line ratio as a function of OHmax (left) and OHEQW (right). Sources with direct measurements of both the [CI](1–0) and CO(1–0) lines are plotted using purple crosses. For the other sources (pink diamonds), the CO(1–0) line luminosity was estimated assuming the average CO(2–1)/CO(1–0) luminosity ratio of r21 = 1.1 computed for our sample of ULIRGs. The dashed purple line represents the best fit using a least squares regression analysis, and the shaded gray area corresponds to the 1σ confidence interval of the fit. The Pearson correlation coefficients (ρ) are reported at the upper left corner of the panel with their associated p-values.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Depletion timescale (τdep ≡ Mmol/SFR) plotted as a function of LAGN. The dashed line shows the best-fit relation and its 1σ confidence interval plotted as a shaded gray area. The best-fit parameters and the Pearson correlation coefficient are reported at the upper left corner of the panel.

      

    

  
    
      Fig. A.1. 
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        Same as Fig. 1, now including the two LIRGs (in purple data points) for which we have [CI](1–0) observations. The best-fit relations (shown as dashed purple lines) now include the LIRGs data points. The best-fit parameters are reported at the bottom-right corner of the plots. We also display the Pearson correlation coefficients (ρ) and their associated p-values. The solid black lines in both panels represent the corresponding relations reported by Jiao et al. (2017) for a sample of 71 (U)LIRGs, and the dotted lines represent the relations of Jiao et al. (2019) for a sample of 15 nearby spiral galaxies, between [image: equation] and [image: equation].

      

    

  
    
      Fig. A.2. 
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        Same as Fig. 3, but now including the two LIRGs for which we have [CI](1–0) and CO(1–0) observations. The right part of the plot shows the resulting distribution of [CI]-based αCO values. The dotted line indicates the CO-to-H2 conversion factor for the Milky Way galaxy, and the dashed line corresponds to the value commonly used in the literature for (U)LIRGs (Downes & Solomon 1998). The mean and median values for the sample of (U)LIRGs remain the same as the ones obtained solely for the ULIRGs: αCO = 1.9 ± 0.3 M⊙ (K km s−1 pc2)−1 and 1.7 ± 0.4 M⊙ (K km s−1 pc2)−1 for the mean and median, respectively.

      

    

  
    
      Fig. B.3. 
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        Continued from Fig. B.2. This figure shows sources: IRAS F12112+0305, IRAS 13120-5453, IRAS F13305-1739, IRAS F13451+1232, IRAS F14348-1447, IRAS F14378-3651, and IRAS F15462-0450.

      

    

  
    
      Fig. B.6. 
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        Continued from Fig. B.5. This figure shows sources: IRAS F23389+0300, IRAS F00509+1225, PG1126-041, IRAS F12243-0036, and PG2130+099.

      

    

  
    
      Fig. C.1. 
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        Duplicated [CI](1–0) spectra not used in the analysis.

      

    

  
    
      Fig. C.2. 
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        Duplicated CO(2–1) spectra not used in the analysis.

      

    

  
    
      Fig. E.1. 
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        rCICO plotted as a function of different galaxy properties, namely: SFR, LAGN, Mmol, τdep, and αAGN. Symbols and notation are as in Fig. 9 for our sample of ULIRGs.
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