
    
      Fig. 3. 
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        Example of an overdensity structure identified at redshift z ≃ 3.6 in the UDS field. Symbols and contours are the same as in Fig. 2. For this particular overdensity structure at high-z, most of the spectroscopic redshifts come from the VANDELS survey.

      

    

  
    
      Fig. 5. 
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        Stellar mass–metallicity relation color-coded according to the overdensity flag (panel 1) and protocluster membership, as defined in the text, with increasing radii from the overdensity structure centers (10, 15, and 20 cMpc from panel 2 to 4). Gray squares, dashed line, and colored filled markers are the same as in Fig. 4.

      

    

  
    
      Fig. 7. 
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        Gas-phase mass–metallicity relation for 21 star-forming galaxies at redshifts 3 < z < 3.8 from the NIRVANDELS survey, color-coded according to galaxy density (higher or lower than the sample median = 0.003 gal Mpc−3) and to the overdensity flag, in the upper and lower panel, respectively. The larger colored squares represent the median gas-phase metallicities and the median stellar mass of the galaxies in the same bin. The vertical and horizontal error bars represent, respectively, the 1σ uncertainty of the median metallicity and the standard deviation of stellar masses in each bin. We do not display the median point where the bin contains only one galaxy.

      

    

  
    
      Fig. 10. 
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        Stellar mass–stellar metallicity relation of mock galaxies from VANDELS cones, performed to reproduce the same sky area and redshift range targeted by our survey. The whole galaxy population is color-coded in two bins of local galaxy density, similarly to Fig. 4 top, and according to the overdensity flag and protocluster membership (second and third panels), assuming a radius of 15 cMpc. The theoretical MZR have been offset by −0.4 dex to match the observed global MZR normalization. The vertical error bars of the models represent the error on the median metallicity estimation in each bin.

      

    

  
    
      Fig. 11. 
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        Stellar mass–stellar metallicity relation for star-forming galaxies at z ∼ 3 in different bins of virial mass of the host haloes, as predicted by the semi-analytic models of De Lucia & Blaizot (2007). The relations are drawn for the whole population (panel 3), for central galaxies only (panel 2), and for satellites (panel 3). The vertical error bars represent the median absolute deviation of the galaxy metallicities in each stellar mass bin. Panels 4–6: same as panels 1–3, but using the metallicity of the cold gas reservoir.

      

    

  
    
      Fig. 12. 
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        Stellar mass–stellar metallicity relation of star-forming galaxies at z ∼ 3 in GAEA, for the whole population (panel 1), centrals (panel 2), and satellites (panel 3), in different bins of virial mass of their host FoF groups from 1011 to 1013 M⊙. The vertical error bars represent the median absolute deviation of the galaxy metallicities in each stellar mass bin. Panels 4–6: same as panels 1–3, but for the cold gas metallicity.

      

    

  
    
      Fig. 13. 
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        Figure showing the MZR predicted by the EAGLE and TNG hydrodynamical simulations. Left: stellar MZR of star-forming galaxies at z ∼ 3 selected from the Eagle hydrodynamical simulation sets (Ref. L0100N1504) as a function of the total mass of their host haloes from 1010 to 1014 M⊙. Right: same as the left panel, but for the Illustris-TNG100 simulation.

      

    

  
    
      Fig. A.1. 
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        Figure showing the results of simulations that we made to test the influence of the S/N on the measured EW for the two absorption features used in this work as metallicity indicators. Top: Relation between the measured EW (and recovered stellar metallicity on the left y-axis, using the calibrations in Equations 1) and input spectrum S/N for the 1501 Å index. This is obtained through Monte Carlo simulations where Gaussian noise is added to Starburst99 templates with two different metallicities Z⋆ = 0.2 and 0.4 × Z⊙. The vertical green line highlights the S/N range of the stacks that we analyze in our work. Bottom: Same as the upper panel, but for the 1719 Å index.
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