
    
      Fig. 3. 
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        PDFs of properties of z = 0 CGM clouds split based on their origin channel. Curves corresponding to those arising as from the central galaxy (within the last ∼2 Gyr) are colored in black, condensates of the hot halo gas in red and those ejected from satellites in orange, as shown by the legend in the top-left panel. Distributions of cloud radius, metallicity, radial velocity and galactocentric distance are shown in the top-left, top-right, lower-left and lower-right panels, respectively. In the right panels, we show individual distributions of the S98 and S105 halos (see Table 2 of Ramesh & Nelson 2024 for more details) through dotted and dashed curves, respectively (vertically offset for better visibility). Distributions are broad for all four properties shown here, with PDFs of clouds ejected from satellites typically different as compared to the other two cases.
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        Dissecting the different sources of gas that seed the condensation of cold clouds out of the hot halo at z ∼ 0. On short timescales (≲500 Myr), the dissolution of past clouds into the hot phase, and the subsequent mixing, is the primary source, and it is also potentially stirred by outflows from the central galaxy into the CGM. Transitioning out into previous cosmic epochs as early as z ∼ 2 (tlookback ∼ 10.5 Gyr), the mass giving rise to these seeds was predominantly smoothly accreted from the IGM into the halo (∼85%), while clumpy accretion through satellites contributes the remaining ∼15%.
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        Visualization of cold clouds in a GIBLE halo (S98; see Table 2 of Ramesh & Nelson 2024 for more details) at z = 0 using a ray-traced volume rendering sampled by five narrow Gaussian transfer functions in temperature space, as shown by the color bar (background image). The white circle denotes the outer boundary of the CGM refinement region, i.e. the virial radius of the halo (∼270 kpc). In the foreground, we show the (past) trajectory of a ∼106.1 M⊙ cloud identified at z = 0, with the various translucent stars highlighting the positions of the main progenitor of this cloud at 25 distinct snapshots back to z ∼ 0.15. The insets at the corners of the image show a volume rendering of (the main progenitor of) this cloud at four distinct redshifts, going back in time in clockwise direction starting from the bottom left, with the cloud oriented such that its mean velocity vector points to the right. In the ∼2 Gyr between z ∼ 0.15 and 0, this cloud clearly evolves in terms of shape, size (characterized by the varying scale bars in the insets) and mass (shown by the different labels; in units of M⊙). Also visible in the top-right inset is an instance of an ongoing merger between clouds, a phenomenon explored and quantified later in this paper.

      

    

  
    
      Fig. 10. 
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        Main panel: Merger and fragmentation rates as a function of (z = 0) cloud mass. The former are shown in black, and the latter are in orange. A clear trend of event rates with cloud mass is visible, with lower rates for smaller clouds. Top panel: Difference in rates between merger and fragmentation events. On average, massive clouds merge more often than they fragment, while the opposite is true for their less massive counterparts.

      

    

  
    
      Fig. 11. 
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        Main panels: Merger and fragmentation rates as a function of pressure contrast between the cloud and the interface (left) and Δ10 (right). Top panels: Difference between merger and fragmentation rates. A strong trend with pressure contrast can be seen, with under-pressurized clouds being more likely to undergo a fragmentation event as opposed to a merger. The trend with Δ10 is weaker – clouds with a very small (large) number of neighbors are likely to fragment (merge), while the net rate is largely flat for intermediate values of Δ10.

      

    

  
    
      Fig. 12. 
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        Main panel: Mass in- and out-flux as a function of (z = 0) cloud mass. The former are shown in black, while the latter are in orange. Both rates correlate with cloud mass and are higher for more massive clouds. In the inset, we show the difference between the two rates: the net flux, i.e. in-flux minus out-flux. On average, clouds of all masses experience a net inflow of cold gas into them, with a higher net positive rate for more massive clouds.

      

    

  
    
      Fig. 13. 
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        Main panels: In-flux (black) and out-flux (orange) rates as a function of velocity contrast between the cloud and the interface (vrel; left), cloud crushing time (tcc; center left), vorticity in the interface (ω; center right), and the dot product between the magnetic tension vector and density gradient in the interface, i.e. the effective tension (fT, eff = fT ⋅ [image: equation]; right). The top panel shows the difference between the two, i.e. the net mass flow rate. While clouds with relatively low values of vrel and ω experience a net in-flux of material, larger values of these properties trigger a net loss of cold gas from the cloud. The inverse trend holds for tcc, as higher values correspond to larger shear times, thereby leading to a lower fraction of mass loss from the cloud. The strength and topology of magnetic fields may further be important, as a net magnetic tension force acting against the density gradient, i.e. away from the cloud and into the background, results in a net flux of mass into the cloud, likely by inhibiting the mixing of the background into the cloud.

      

    

  
    
      Fig. 14. 
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        Mass in-flux (top panel), cloud surface area (center), and mean interface density (lower) as a function of radius for clouds in the inner halo (galactocentric distance ∼0.3 R200c). The various solid colored curves correspond to median relations for clouds segregated into different mass bins, scatter points to individual clouds, and the dashed gray lines to relevant scaling relations. See main text for more discussion.

      

    

  
    
      Fig. 15. 
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        Velocity structure functions for a subset of Mcl ∼ 105.2±0.2 M⊙ clouds in the inner halo (galactocentric distance ∼0.3 R200c). The extreme tenth percentile of clouds were picked based on cloud radius, with the VSFs of smaller (larger) clouds shown on the left (right). Thin colored curves correspond to individual clouds, thick solid curves to median, and the vertical dashed gray line to the average cell size. Both medians and a vast majority of the individual curves follow a ∝l1/2 scaling, suggesting that the power law slope of the VSF is k ∼ 1/2.

      

    

  
    
      Fig. 16. 
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        Mass in-flux as a function of tcool, min for clouds in the inner halo (galactocentric distance ∼0.3 R200c). The colored curves correspond the medians of different mass bins, and the gray curves to relevant scaling relations. The mass in-flux anticorrelates with the cooling time, with a typical power law slope of ∼ − 1/4, suggesting that these clouds are in the fast cooling regime.
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