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        Top: Galaxy stellar mass function from cosmosTNG at redshifts z = 2, 4, 6. The semi-transparent bands span the outcomes of different variation runs with the embedded line showing the mean. In red we show the TNG100 simulation outcomes. We compare these simulations to several observational datasets (Ilbert et al. 2013; Muzzin et al. 2013; Davidzon et al. 2017; Leja et al. 2020; Weaver et al. 2023) at face value. These observations span z ∼ 2.0 − 2.5 and are shown with gray markers. In comparison to TNG100, cosmosTNG produces more high-mass galaxies above 1011 M⊙ by up to 0.5 dex. This reflects the overabundance of massive dark matter halos in this region (see text). Bottom: Relation of stellar mass to halo mass for stellar masses within the previous aperture of all central galaxies and the mass of their hosting halo at z = 2. The orange contours indicate the distribution of stellar masses at fixed halo mass across all cosmosTNG variation runs, while the individual points show galaxy outliers. The solid black (red) line shows the median stellar mass for cosmosTNG (TNG100).
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        Star formation activity of galaxies. Left: Specific star formation rate (sSFR) as a function of stellar mass for central galaxies in cosmosTNG at z = 2. The annotations and markers are as in Fig. 7, bottom panel. Measurements are within 2 arcsecond diameter apertures and with a 100 Myr averaged SFR. The gray markers show the inferred sSFR from observations in Whitaker et al. (2014). The dashed gray line shows the sSFR ridge from observational modeling in Leja et al. (2022). Right: Quenched fraction as a function of stellar mass in cosmosTNG and TNG100 at z = 2. The error bars show the observations from Sherman et al. (2020), Park et al. (2024) around cosmic noon. The observations are compared as-is (i.e., without reproducing the methodology used in the simulation). Quenched galaxies are defined as having a star formation rate at least 1 dex below the main sequence (see text). The colored lines show the individual realizations, and the dark solid line shows the average for all galaxies. The dashed (dotted) line shows the average for central (satellite) galaxies. A sizable population of quenched (central) galaxies with M⋆ > 1010.5 M⊙ is already present by z = 2. We see a lower quenching for cosmosTNG galaxies compared to TNG100.
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        Gas fraction for all central galaxies relative to their hosting halo mass (top) and their stellar mass (bottom) in cosmosTNG at z = 2. The annotations and markers are as in Fig. 7, bottom panel. The gas and stellar mass are calculated within twice the stellar half-mass radius. We see an increased drop and scatter for gas fractions above Mhalo ≳ 1012 M⊙ and M⋆ > 1010.5 M⊙, in line with changes in the M⋆(Mhalo) and sSFR(M⋆) relations. Above these mass thresholds, cosmosTNG galaxies show a higher gas fraction on average.
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        Relation between supermassive black hole mass and galaxy stellar mass, and its evolution with time. Top: MBH–M* relation at z = 2 in cosmosTNG. The gray line shows the linear relation and the 1 − σ scatter from Tanaka et al. (2025). The annotations and markers are as in Fig. 7, bottom panel. Bottom: Evolution of the offset from the local MBH–M* relation as described in Tanaka et al. (2025) based on Häring & Rix (2004), Bennert et al. (2011) for the local relation. The points with error bars show the high-redshift observations from Harikane et al. (2023) and Tanaka et al. (2025). The gray triangles show the observations from Sun et al. (2024). All observations are compared as-is (i.e., without corrections for the respective observational methodology used when compared to cosmosTNG). The green line shows the median relation in cosmosTNG for host galaxies with M⋆ > 1011 M⊙. The shaded regions show the central 68%, 95%, and all percentiles respectively. The blue dashed line shows host galaxies with M⋆ > 108.5 M⊙. The observed galaxies with high black holes masses are rare but possible in cosmosTNG across z = 2 − 5.
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        Gas density and temperature projection at z = 2 for the same comoving protocluster region across all eight variation runs in the RA–Dec plane with a projection depth of 30 cMpc/h. In the zoomed-in image in the inset, we center on the most massive halo in the proto-cluster region with a projection depth of 3 cMpc/h. The red circles indicate the halo center, and the gray crosses the mean position across variation runs. Top: Gas Density. Bottom: Temperature. We find similar density and temperature fields on the largest spatial scales. While the most massive halo appears nearly unchanged across variations, other halos seem to change substantially.

      

    

  
    
      Fig. 16. 
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        Projected two-point correlation function for galaxies with stellar masses above 1010.0 M⊙ at z = 2.73 in cosmosTNG and TNG100. We show observational data with the same mass cut for ⟨z⟩ = 2.8 from Durkalec et al. (2018).
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