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        Comparison of fluxes computed by CIGALE (Fluxprism) with Gaussian fitting of the lines observed in the grating configuration (Fluxgrating) for objects observed in both configurations. The points corresponding to each emission line are colour-coded to better identify each species (see inside caption). The diagonal line shows the 1-to-1 relation (Fluxprism = Fluxgrating), while the dashed lines present offsets (Fluxprism = 0.5 Fluxgrating) and (fluxprism = 2.0 Fluxgrating). The horizontal and vertical dashed lines show the level of the 3σ background around the [NII] + Hα lines.

      

    

  
    
      Fig. 5. 
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        Star formation rate as function of stellar mass for our galaxy sample. For some galaxies, the observed spectra are not good enough to provide a reliable fit of the spectrum (f[image: equation]) for the UV slope. For those galaxies, we rely on CIGALE's fits. Here, the larger symbols correspond to UV slopes spectroscopically estimated from the observed data, while the smaller symbols are from the CIGALE fits. Blue, green, and red symbols, respectively, show galaxies with blue, intermediate, and red slopes (see inside caption). Whatever the origin of the UV slopes, the lower mass galaxies present a bluer UV slope, while the more massive ones have are redder. In this plot, we superimpose the best-fit MS from Speagle et al. (2014) in the range z = 4–12, colour-coded from magenta to dark red (bottom to top).

      

    

  
    
      Fig. 7. 
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        Difference between metallicity estimates (12 + log10(O/H) defined in Eq. (1)): a comparison of the metallicities measured for some of our galaxies in the literature (Nakajima et al. 2022, 2023; Sanders et al. 2024) via auroral lines, with our own estimates. At relatively high metallicities, above 12 + log10(O/H) ∼ 7.4–7.6 (that is Z/Zgas 0.1–11% Z⊙), the differences remain within σ(12 + log10(OH))<0.05. This is about the same dispersion between other metallicity estimates, although on a smaller sample. However, there is a disagreement at lower metallicities, and CIGALE's 12 + log10(O/H) present an offset that might be systematic or increasing with lower metallicities by about σ (log10(O/H)) < 0.10. But the direct method is not well calibrated at log10(O/H) < 7.4–7.6 because there are less than 5 objects with auroral lines at such low metallicities estimated via the direct-method oxygen abundances.

      

    

  
    
      Fig. 10. 
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        Correlation of estimated dust mass, Mdust, with dust attenuation, A(Hα). The most relevant parameter to predict the dust mass is the dust attenuation A(Hα) derived from the Hα/Hβ Balmer decrement. The correlation with A(Hα) alone accounts for 76% of the variation in Mdust. The spectral information brought by NIRSpec is thus fundamental to estimating the dust masses. Blue, green, and red symbols, respectively, mean Mdust≤105 M⊙, 105 < Mdust≤106 M⊙, and Mdust > 106, while magenta circles show GELDAs.

      

    

  
    
      Fig. 11. 
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        Same colours as in Fig. 10. Correlation of the estimated dust mass, Mdust with the UV slope, βFUV. The correlation with βFUV alone accounts for 44% of this variation, which confirms that the spectral information on lines is the most important one. The other tested parameters – metallicity (about 2%) and redshift (<1%) – as well as the level of the sub-millimetre upper limits, are not significantly correlated with Mdust in this analysis.

      

    

  
    
      Fig. 12. 
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        Use of mock analysis to estimate minimum dust mass that we can actually estimate using our approach. Top: x-axis shows modelled Mdust computed from the best-fit models and for each of our galaxies. CIGALE is able to recover these input dust masses (y-axis) by fitting the mock data down to about log10(Mdust) = 5.0. Parts of the objects in green and all the objects in blue should thus be considered as upper limits. These objects that are the ones identified as transitioners between the upper sequence and a possible lower sequence are well below the prime sequence (red dots). Bottom: log10(Mdust) versus log10(Mstar) diagram showing that the lowest dust masses correspond to the lowest stellar masses. However, for the same stellar-mass range, we do observe a wide range of dust masses. Normal, mid, and low Mdust mean Mdust≤105 M⊙, 105 < Mdust≤106 M⊙, and Mdust > 106 M⊙, respectively.

      

    

  
    
      Fig. 13. 
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        Evolution of metal and dust masses. MZ/Mstar (blue dots) and Mdust/Mstar (red dots) both regularly increase with the age of the Universe (top); more metals and dust grains are formed as the Universe ages. We note that even for galaxies (blue symbols) in the early Universe (ageUniverse≲600 Myr or z ≳ 9), MZ/Mstar never goes below a few 10−3, possibly suggesting a fast rise of metals that produces the observed threshold. MZ/Mstar increases faster than Mdust/Mstar, with a much larger dispersion for Mdust/Mstar. The light blue and red areas show the mean and 2σ confidence interval of the distribution within several bins. At the bottom, same as aboce a function of sSFR. MZ/Mstar (in blue) and Mdust/Mstar (in red) decrease from high to low sSFR (bottom), as also shown in, e.g. Palla et al. (2024) and Shivaei et al. (2022). We also note a larger dispersion at lower sSFR for Mdust/Mstar, but only for Mdust/Mstar.

      

    

  
    
      Fig. 14. 
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        Stacked spectrum of objects selected in lower sequence. Vertical lines show the location of a few usual emission lines (see inside caption). We show the position of the lines, including where the HeI lines would be expected. None of them are detected, confirming these objects do not contain a dominant AGN. This stacked spectrum is similar to that of a young starburst, with a blue UV slope and prominent hydrogen and [OIII) emission lines.

      

    

  
    
      Fig. 15. 
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        SFR surface density as function of gas-mass surface density for a sample of local and high-redshift galaxies, including HZ10, LBG-1, AzTEC-3, and CRLE, adapted from Pavesi et al. (2019) and Shi et al. (2011). Our objects, GELDAs, and non-GELDAs are very dense, and all of them are found slightly below other objects, which might be related to the very high gas density in these objects where the turbulence can produce a negative effect on the SFE, which is thus lower than in other high-redshift galaxies at the same gas surface density. From bottom to top, the shaded areas correspond to low-surface-brightess (magenta), late-type (blue), early type (green), hi-z star-forming (yellow), and hi-z sub-millimetre (red) galaxies. They are also given inside the figure.

      

    

  
    
      Fig. 16. 
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        Mdust as function of Mstar. Top: Dots are colour-coded according to redshift. The size of the symbols provides us with information on 12 + log10(O/H), with the largest sizes corresponding to the largest metallicities. We show density contours as heavy black lines. At log10 (Mstar) ∼ 108−9 M⊙, we observe a transition from an apparent high sequence to a lower one. The upper sequence is similar to that observed at low redshift (e.g. Beeston et al. 2018). The lower objects have not been identified before in this (Mdust vs. Mstar) diagram, except for a few objects (green crosses, De Vis et al. 2017). They share the same location in the plot and are extracted from a sub-sample of galaxies in an HI-selected local-galaxy sample from GAMA and H-ATLAS. Bottom: Models plotted on density contours. Hydrodynamical code dustygadget (Graziani et al. 2020) is in yellow, a cosmological hydrodynamical simulation coupled with a chemical evolution model (Mancini et al. 2015) is in green, and a suite of cosmological, fluid-dynamical simulations of galaxies (Esmerian & Gnedin 2024) are in pink. The upper brown line (Witstok et al. 2023) shows where galaxies with ISM-grown grains should be. The bottom orange line corresponds to galaxies with only stardust (Witstok et al. 2023) that underwent a 95% destruction of grains by reverse SNae shock (Witstok et al. 2023). The objects observed at the bottom of the top panel correspond to the transition between galaxies only containing stardust to galaxies dominated by ISM dust.

      

    

  
    
      Fig. B.1. 
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        a) Objects in the upper sequence (larger Mdust) in Mdust vs. Mstar plot. We present a sample of spectral fits over the whole spectral range, that is including NIRSpec spectroscopy and the sub-millimeter data (mostly upper limits).

      

    

  
    
      Fig. B.4. 
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        Same as Fig. B.2.

      

    

  
    
      Fig. B.5. 
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        Objects in the lower sequence (lower Mdust) in Mdust vs. Mstar plot. Same as Fig. B.1 but for objects in the lower sequence in the Mdust vs. Mstar plot.

      

    

  
    
      Fig. B.6. 
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        Same as Fig. B.5 for the same objects but only the fits of the NIRSpec spectrum is shown, which is a zoom in the previous plots.

      

    

  
    
      Fig. C.2. 
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        This figure is the same as Fig. 16. However, for this one we assume a periodic SFH. This alternate version also allows to reach the same conclusion than Fig. 6, with a population of GELDAs.
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