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Top left: ratio of the 0th moment of CO(6–5) to the rest-frame 419 μm (observed wavelength of 1.94 mm) continuum. The contours are for the CO(6–5) 0th moment and are the same as in Fig. 2. Top right: 1st moment ratio map of CO(6–5) to H2O(211−202). Bottom left: 0th moment ratio map of CO(6–5) to H2O(211−202). Bottom right: histogram of the CO(6–5)-to-H2O(211−202) 0th moment ratio. The positions of the dust peak at north and south are indicated with yellow stars. The figure shows that the CO(6–5) emission is more extended than the dust continuum emission. Despite the small variation of the 0th moment ratio, CO(6–5) and H2O(211−202) show very similar velocity structure.



    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
Panels a–c: image-plane lens modeling results of the 1.94 and 0.87 mm dust continuum, CO(6–5) and H2O(211−202) line emission for G09v1.97. The panels are grouped in horizontal sets of three sub-panels each showing, from left to right: i) observed image; ii) reconstructed image from the lens model; and iii) residuals from the difference between observed and model images. The red lines represent the critical curves. The central coordinates are given in Table 3. The figure clearly demonstrates that the lens model can recover the fluxes of the dust continuum and line emission accurately. The corresponding source-plane images are show in Fig. 6. All the residuals are well within ±2.5σ, showing that all the modeled images of the dust continuum and the emission lines agree very well with the overall flux distribution.



    

  
    
      Fig. 7. 
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Top panel: magnification factor as a function of velocity for the emission lines of CO, H2O, and H2O+, and indicated for the two dust components (the legend at the top left corner indicates the line and point style for each component of emission). Bottom panel: a comparison between the integrated spectrum of the observations and lens-model reconstructed data seen in the image plane. The filled regions show the model reconstructed using the bins in the image-plane spectra, while the histogram lines show the observed image-plane spectra (see the legend at the top left). The model overall predicts very well the spectra in the source plane.



    

  
    
      Fig. 10. 
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Dust SED of G09v1.97. The fluxes are taken from Herschel and NOEMA measurements (Yang et al. 2016), and also from this work for the 0.89 and 1.94 mm continuum fluxes (blue points). The fit also takes into account the dust continuum fluxes of the compact (the interacting region) and extended (the merging galaxies) dust component from our lens model, indicated by the open and filled circle (green and light-blue for different temperature components), respectively. The SED fit has also taken the differential magnification for the compact and extended components into account. The solid blue line shows the best fit, while other dashed/dotted lines are decompositions of different temperature components. See text for details.



    

  
    
      Fig. 11. 
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Left panel: spatially integrated spectra extracted from the source-plane line data-cubes constructed from the lens model. The error bars are dominated by the uncertainties in the data. The black curve shows the results of fitting 3 Gaussian line profiles: the blue line represents the B component, the green line represents the gas bridge G component, and the red line represents the receding gas R component (Rb+Rr). The line profiles of CO(6–5) and H2O(211−202) are similar, having ∼1.7 times stronger (peak flux) red-shifted emission compared to the blue-shifted emission. This indicates that there is a similar spatial distribution between the CO(6–5) and H2O(211−202) line emission. The asymmetry of the profile suggests an intrinsically complex velocity structure. Right panel: a sketch of the gas-rich major merger, G09v1.97. The source is composite of three major components, a rotating disk to the north that corresponds to the R component of the spectra shown in the left panel or the double-Gaussian component Rb+Rr seen in the image-plane spectrum, while the compact blue galaxy in the south corresponds to B part of the line profile. There is also a dust-rich gas bridge between the two over the component which has weak CO(6–5) and H2O(211−202) emission.



    

  
    
      Fig. 12. 
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Correlation between the star formation rate (SFR) surface density and H2O luminosity surface density in high-redshift SMGs (Yang et al. 2016) (shown in black), including HFLS3 (Riechers et al. 2013) and ADFS-27 (Riechers et al. 2017). The red, blue and green data points represent the R, B, and G components of G09v1.97 from this work. The figure shows a tight linear correlation between ΣSFR and ΣLH2O with a fitted slope of 1.0 ± 0.2, which is valid down to the sub-kpc scales.



    

  
    
      Fig. A.1. 
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Constraints on some relevant model parameters characterizing the two exponential profiles used to describe the continuum emission in terms of half-light radius (Reff, 1 and Reff, 2), total magnification factor (μtot) and stellar velocity dispersion (strength of the SIS mass distribution) for the two deflectors. For each component, magnification and size are somewhat degenerate with the flux density. Contours are 1-, 2-σ, and 3-σ CL regions. Vertical lines in marginal PDF panels along the diagonal represent the mean and the ±1σ interval around the mean.



    

  
    
      Fig. A.2. 
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continued. For the flux densities of the compact and extended dust component at 1.94 (S​C1.97, S​E1.97) and 0.87 mm (S​C0.87, S​E0.87). The unit is mJy. And the flux ratios of the two bands for the compact (S​C0.87/1.97) and extended (S​E0.87/1.97) dust component are also included.



    

  
    
      Fig. A.3. 
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Coarse-grained channel-by-channel comparison of the reconstruction of line emissions. The content of each sub-panel is like in Fig. 5. From left to right: observed data (image plane), model-predicted image plane reconstruction, difference of these images, and right, model-predicted source plane reconstruction, successively for the CO(6–5) and H2O(211−202) lines. Sub-panels in Cols. 1,2,3,5,6,7 exhibit critical lines whereas the ones in Cols. 4,8 show caustic lines. From top to bottom: line emission channels are ordered with decreasing radial velocity, starting from −530 km s−1 (the beginning velocity of each bin), in steps of 105 km s−1. Throughout those channel maps, no residual above the ±3σ limit are found.



    

  
    
      Fig. A.4. 
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continued. For the H2O+ line whose cube was separated into two bins, collapsed for the entire positive and negative part of the spectrum, respectively.
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