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        Spatial extent of satellite gas in TNG-Cluster. Of the ≈5000 gas-rich [image: equation] massive satellites [image: equation] at z = 0, we examine the spatial extent of all (hot and cold) gas at a fixed host cluster mass [image: equation] and at three stellar masses [image: equation], 1010.75,  1011.5 M⊙ (top panels, left to right respectively). Moreover, we compare the total gas density (purple) at z = 0 of cluster members as satellites with that at infall as centrals (black). All curves show the median profiles of all galaxies in the bin; see Fig. 4 for the individual profiles to see the galaxy-to-galaxy variation. We define all gas outside > 2 Rhalf, ⋆ as the circumgalactic medium (CGM). We then plot total CGM mass [image: equation] as a function of galaxy stellar mass [image: equation] (bottom panel) at infall as centrals (black), and at z = 0 as satellites (pink). The curves are the medians of the CGM masses (only the galaxies with nonzero CGM mass for the satellites), and for the most massive galaxies we plot the individual objects (circles) and the median stacks (squares). We manually place the ≈28 000 CGM-poor [image: equation] satellites at masses ∼107 − 8 M⊙. All stacks use stellar, host, and gas masses at z = 0, and the radial profiles are normalized to Rhalf, ⋆ at the considered time (infall or today). More than 5000 cluster satellites retain a CGM despite residing in harsh cluster environments.
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        Gas-rich satellites today are typically late infallers. We plot the probability distribution functions (PDFs) of the infall times of all (black), gas-poor [image: equation] (red), and gas-rich [image: equation] (blue) TNG-Cluster satellites at a fixed host halo [image: equation] and satellite stellar [image: equation] mass. We mark the medians and errors of the distributions as hashes on the top x-axis. The infall time is the first infall into any host, regardless if the galaxy has been preprocessed or not. At a fixed host halo and satellite stellar mass, the infall time is the primary driver determining whether satellites remain gas-rich or gas-poor today: more recent infallers are more likely to retain large gas reservoirs.
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        [image: thumbnail]
      

      
        Poster of the diversity of TNG-Cluster satellites in soft X-ray emission. We show the soft X-ray (0.5−2.0 keV) surface brightness for 16 example TNG-Cluster satellite galaxies at z = 0. Each image is 600 × 600 kpc2 in size (scale bar in the upper left). These galaxies are necessarily within a projected distance of 1.5 R200c of their host. We include information about the galaxy and its host in the upper right and lower left corners; the units of the cluster [image: equation] and satellite [image: equation] mass are [log10 M⊙], and the soft X-ray luminosity [image: equation] is the total X-ray luminosity within a projected aperture of 300 kpc in units of [log10 erg s−1]. Many of the maps display morphological signatures of SMBH feedback, with dome-like inflated bubbles and/or ram pressure, with gas tails extending in specific directions.
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        Separating cluster soft X-ray emission into its main sources, for four clusters in TNG-Cluster. We break down the total soft X-ray emission (Total) of an example cluster into its main components: gas that is gravitationally bound to the main halo, i.e., brightest central galaxy (BCG), and gas bound to the satellite galaxies (Satellites). Here, satellites are all galaxies besides the BCG that lie within the field of view of the image 3 R200c × 3 R200c. We include the haloID and mass [image: equation] in units of [log10 M⊙] in the lower left in the Total image, and the soft X-ray luminosity [image: equation] within a projected aperture 1.5 R200c in units of [log10 erg s−1] in the top right of each panel. We compute the fractional contribution from satellites to the total soft X-ray emission (Satellites/Total), and include both the total soft X-ray contribution from satellites and the mean satellite contribution per pixel in the upper right corner. In all panels the circles denote R200c. The satellite contributions vary from halo-to-halo, but in general satellites contribute ∼10% of the total soft X-ray flux within ≲1.5 R200c of the clusters.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Covering fraction of X-ray emission from satellite circumgalactic media in TNG-Cluster. We measure the projected covering fraction of satellites soft X-ray (0.5−2.0 keV) emission to total for the 352 clusters at z = 0 for two cases: above a given fixed satellite surface brightness threshold (left panel) and above a given satellite-to-total fractional local threshold (right panel). The fiducial threshold choices are shown for varying cluster-centric apertures. Thick curves are the medians across all clusters, shaded regions enclose the 16th and 84th percentiles, and points are the individual clusters, where we manually place clusters with satellite covering fractions < 10−2 between 10−2 and 10−2.5. In both panels when varying the minimum threshold we use the fiducial aperture of < 1.0 R200c, and when varying the aperture we use the intermediate threshold (> 1035 erg s−1 kpc−2 in the left panel; > 10% contribution in the right panel). The collection of satellite CGM can contribute to a significant portion of the cluster’s projected area, and at larger surface brightness or satellite-to-total fractional thresholds there is more halo to halo variation.

      

    

  
    
      Fig. A.1. 
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        Similar to Fig. 1 (bottom left panel) except we show the number of satellites per host with a given gas mass [image: equation] or higher. The medians and 16th and 84th percentiles are the solid curves and shaded regions respectively. The number of satellites per host above a given gas mass increases with host mass. While ≈90 percent of satellites have gas masses [image: equation], 90 percent of those with gas mass [image: equation] (∼1 gas cell) actually have [image: equation] (≈100 gas cells), suggesting that the gaseous TNG-Cluster satellites are sufficiently resolved.
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