
    
      Fig. 3. 
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        Visual impression of the spatial structure of the infall redshifts zinfall of tracers that reside in in situ stars at z = 0. Representative examples of a group, Milky Way-like, and dwarf galaxy (random orientations) are shown in the upper left, upper right, and lower left panels, respectively. Colors show the median zinfall along a projection that extends through the entire halo. The lower right panel quantifies these trends with radial profiles. Solid lines show (individual) profiles of the galaxies from the three previous panels, while dashed curves the medians of all galaxies in each mass bin. Overall, the core regions of more massive galaxies are made of stars that formed from gas that entered the halo at earlier times.

      

    

  
    
      Fig. 5. 
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        Fraction of the (z = 0) in situ stellar mass of galaxies that belongs to three different origins, i.e., sources, as a function of redshift. As above, we split our sample into dwarf (dotted), Milky Way (dot-dashed), and group (dashed) halos. For comparison, in solid curves, we also include the median profile constructed from all central galaxies resolved in the simulation. The fraction of baryonic matter in the main progenitor galaxy is shown in blue, that in satellite galaxies and other halos in orange, and gas in the IGM is shown in green. A dominant fraction of gas forming in situ stars by z = 0 was present in the IGM at high z, while only a low fraction was accreted in a clumpy fashion via satellites. Roughly half of the baryonic mass contributing to the z = 0 in situ stellar mass of galaxies already resides within the main progenitor halo by z ∼ 2.

      

    

  
    
      Fig. 7. 
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        Radial distribution of the baryonic mass that forms the z = 0 in situ stellar mass of dwarf (left column), Milky Way (center) and group (right) galaxies. For each radial bin, we show the total in situ baryonic mass enclosed by a sphere of this radius, normalized to the total in situ stellar mass at z = 0. In the upper row, we display the time evolution, i.e., the collapse of this mass into galaxies with median profiles at six different redshifts. Colored dots correspond to the median galactocentric distance at which the fraction crosses a threshold of 0.5, which we define as the Lagrangian half-mass distance (RL, 1/2). Groups assemble their baryons earlier than lower-mass galaxies and have smaller Lagrangian half-mass distances. In the lower row, we further split a subset of curves based on their origin: baryons accreted from the IGM (dotted) versus mergers (dashed), as well as the total (solid, repeated from the top row). IGM gas collapses into halos from relatively smaller distances as compared to gas contributed by merging galaxies.

      

    

  
    
      Fig. 10. 
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        Fraction of the (z = 0) in situ stellar mass of galaxies brought in by distinct accretion channels (left panel). We define fresh accretion as gas acquired from the IGM that has remained in the halo since it first entered (orange). Gas that was recycled between the galaxy and the halo by feedback processes is labeled wind recycled (green). Deposition of gas by satellites directly into the gaseous disks of centrals (≤2 RSF, 1/2; red) is further contrasted against the stripping of gas at farther distances (brown). Lastly, gas that is ejected or stripped from other halos, i.e., not satellites, is shown in purple. Colored diamonds show analogous measurements from the FIRE cosmological simulations (Anglés-Alcázar et al. 2017). Both the bars and the diamonds show stacked values. For comparison, the middle and right plots show the same categories for ex situ stars and dark matter particles, respectively.

      

    

  
    
      Fig. 11. 
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        Temporal lag between various spatial crossing and star formation events. In blue (orange), we show the time difference between the moment that a tracer last crossed R200c (2 RSF, 1/2), i.e., halo infall (galaxy infall) and that when its parent gas cell is converted into a star particle. The time gap between the two infall events (green) is contrasted against the time elapsed between the first and the last crossing of 2 RSF, 1/2 (red). All curves show medians across the galaxy population and the value for each galaxy is also the median of all its tracers that actually undergo the event(s), always taking absolute values (see text). Gas accretion onto galaxies proceeds over several ∼Gyr, while the eventual collapse of ISM gas into stars occurs on shorter time scales (≲Gyr), as long as it is not recycled back into the halo due to feedback.

      

    

  
    
      Fig. 12. 
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        Spatial extent of the initial (z ∼ 20) gas distribution that fuels the assembly of in situ (solid curves) and ex situ (dashed) stars by z = 0. We offer three different measurements: the median distance of tracers (blue), the 95th percentile distance (orange), and the radius of the sphere whose volume equals that of the convex hull of the initial gas distribution (green). As expected, the collapse of gas into more massive halos takes place from initially larger scales.

      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        Comparison of Fig. 5 for different TNG50 resolution runs. The solid line indicates TNG50-4, the dash-dotted line TNG50-3, the dashed line TNG50-2, and the dotted line TNG50-1. The blue color represents the in situ stellar mass fraction of Milky Way-like central galaxies for tracers in the main progenitor, orange is the mass fraction for tracers in other galaxies, and green is the mass fraction for tracers in the IGM.

      

    

  
    
      Fig. A.2. 
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        Comparison of galaxy age, i.e., the median age of the stellar content of a galaxy, (compare Fig. 9) for different TNG50 resolution runs. The red line indicates TNG50-1 with the highest resolution, green stands for TNG50-2, orange is for TNG50-3, and the blue line represents TNG50-4 with the lowest resolution. The figure spans to lower masses to better visualize resolution effects.

      

    

  
    
      Fig. B.1. 
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        Comparison of Fig. 5 for the four different halo mass bins from Table 1 showcasing the halo-to-halo variations discussed in Section 3.3.1. The blue color represents the in situ stellar mass fraction of central galaxies for tracers in the main progenitor, orange is the mass fraction for tracers in other galaxies, and green is the mass fraction for tracers in the IGM.

      

    

  
    
      Fig. A.3. 
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        Comparison of the in situ stellar content (compare Fig. 9) for different TNG50 resolution runs. The red line indicates TNG50-1 with the highest resolution, green stands for TNG50-2, orange is for TNG50-3, and the blue line represents TNG50-4 with the lowest resolution. The figure spans to lower masses to better visualize resolution effects.
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