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        Visualisation of the dark matter (top), gas (middle), and stellar (bottom) projected mass distributions in a Milky-Way mass halo (Mvir = 6.9×1012 M⊙ in CDM at z = 0) from the 100/A runs. From left to right, CDM, SIDM1, vSIDM, and WDM3. We zoom-in to the central parts of the halo, ∼0.5 rvir in the top and middle panels, and ∼0.25 rvir in the stellar distribution. In the latter, we also mark the distance corresponding to twice the stellar half-mass radius. One can observe a decrease in the number of substructures in WDM3 as well as a clear difference in the gas dynamics and the shape of the stellar distribution.
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        Same as Fig. 3 but for a group-scale system with a CDM mass of Mvir = 4.3×1013 M⊙ undergoing a major merger with a halo of mass Mvir = 4.5×1012 M⊙. The merger happens around z = 0 in all scenarios but the timescale differs.
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        Redshift evolution of the effects of different dark matter models. In each panel, we show the ratios of each halo mass function to CDM at six different redshifts between z = 0 (orange) and z = 5 (light blue), calculated by averaging over all the available FP runs of each dark matter model.

      

    

  
    
      Fig. 10. 
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        Dark matter density profiles at z = 0 when considering five halo mass bins (left to right). We calculated the mean dark matter profile in bins of Δlog(Mvir) = 0.2 dex around the mean value, both in the FP (solid) and dark (dashed) runs. The profiles were calculated in logarithmically spaced spherical shells from 1 kpc to the halo virial radius. In order to capture both good statistics at high masses and the highest resolution, we average profiles from both the 50/A and 100/A runs for all models – except WDM1, where 50/B is employed. The small panels show (i) the ratio of each mean profile to its dark counterpart and (ii) to the CDM version. We observe an opposite trend in mass in the WDM and SIDM models. The latter creates larger density cores at high masses and cuspy profiles at Mvir≤1012 M⊙, while the former lowers the central density at low masses (halo masses below the half-mode mass Mhm). In all panels, the grey bands indicate 2.3ϵDM for both runs, which is often used as the minimum distance for reliable measurements.

      

    

  
    
      Fig. 11. 
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        Total and stellar mean density profiles in the inner parts of the haloes at z = 0, represented by solid and dashed lines. The mass bins are the same as in Fig. 10, and the bottom panels highlight the effect of alternative models on the total density profiles. Similarly to the dark matter profiles, the total density is affected by core formation in SIDM at the high-mass end, and in WDM at the low-mass end, but the core size and depth are reduced.

      

    

  
    
      Fig. 12. 
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        Concentration-mass relation at z = 0 for haloes in the DMO (left) and FP (right) runs. We combine measurements from the 50/A and 100/A boxes, using the latter only for haloes with a mass M200c≥1011 M⊙. The coloured lines and symbols show the mean concentration as a function of mass, together with the 1-σ uncertainty represented by the bands of the corresponding colour. The dashed and dashed-dotted black lines show the previous work by Ludlow et al. (2016) and Sorini et al. (2024) on CDM simulations instead. The latter used the IllustrisTNG and MillenniumTNG, which also employ the TNG galaxy formation model, and provided a broken-power-law fit for the FP runs, which we show here in the right panel.

      

    

  
    
      Fig. 13. 
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        Quantitative tests of the TNG galaxy formation model in all dark matter scenarios at z = 0. We focus on some of the quantities that have been used in the design of the TNG model (see Pillepich et al. 2018a) together with the stellar mass function (Fig. 9) and the galaxy sizes (Fig. 14). The colour-correspondence to the dark matter model is the same in all panels. Top left: Stellar-mass halo-mass relation. Here, M* is measured within 30 kpc from the centre. The black dotted curves show empirical estimates based on CDM and the model by Moster et al. (2010), Behroozi et al. (2019) and Shuntov et al. (2022), while the coloured curves show the results from our simulations, represented by running mean and standard deviations for each dark matter scenario. Top right: Gas fraction of haloes within r500c. Bottom left: Central SMBH mass as a function of the stellar mass (here calculated within twice the stellar half-mass radius r*) for all subhaloes at z = 0. The dotted lines mark the 1σ region. Bottom right: Cosmic SFRD as a function of redshift compared qualitatively to observational measurements by Behroozi et al. (2013), Madau & Dickinson (2014).

      

    

  
    
      Fig. 14. 
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        Left: Galaxy sizes expressed in terms of r* as a function of the galaxy stellar mass at z = 0. The ratios of alternative models to CDM (bottom subpanel) show us that SIDM models produce larger galaxies in most mass bins (see also the bottom panel of Fig. 4 as an example). We show the running mean for the 50/A (dashed), 100/A (solid) and 50/B (dot-dashed) runs, the latter only to represent the WDM1 model. We compare simulated results to observational values from the SLACS strong gravitational lenses (ETGs Auger et al. 2010), galaxies (spheroidal and disk) from the KiDS survey (Roy et al. 2018) and from the SDSS (early and late type) survey (Shen et al. 2003). We note, however, that the galaxy size is estimated as the projected half-light radius in observations while we plot the stellar half-mass radius, and the observed galaxies are at different redshifts. They are thus only meant to provide a qualitative comparison. Right: Full normalised distribution of sizes highlighting the lack of galaxies with small sizes in SIDM models.

      

    

  
    
      Fig. 15. 
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        Matter power spectrum in the CDM runs at z = 0 for the DMO (black) and the FP runs separated into different components (coloured curves). The dotted lines show the prediction from linear theory, while the yellow line shows the result from Springel et al. (2018) for the larger TNG300-1 box. We used the two high-resolution boxes, 100/A (solid lines) and 50/A (dashed lines). All power spectra are computed with a grid of size 20483, leading to Nyquist frequencies for the two cases of k = 85.8 h Mpc−1 and k = 183 h Mpc−1, respectively. Here and in the following figures, we used these values to limit the curves and plot the remaining points as a fainter line.

      

    

  
    
      Fig. 16. 
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        Baryonic effects on the total matter power-spectrum measured at five different redshifts from z = 0 to z = 10. Here we plot the P(k) ratio of the FP run of each model to its corresponding DMO one. Each column considers one alternative model (coloured lines of different styles) and contrasts it with the CDM result at the same redshift (black lines). In the top (bottom) panels, we look at the 100/A (50/A) boxes. We see how the smaller box allows us to reach higher k values and larger enhancements of the power spectrum due to the baryons located at the very centre of haloes. The power spectrum of the WDM1 model (rightmost panels) is measured in the 100/B and 50/B boxes and compared to the corresponding CDM case – the reason why the black curves differ in the right panel. The grey bands mark a difference within 20% from the DMO value. In the leftmost panels, we also compare to previous results at z = 0 from the Illustris, TNG300 (Springel et al. 2018) and Eagle (Hellwing et al. 2016) simulations.
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