
    
      Fig. 3. 
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        Variations of bar fraction, fbar, (upper) and distributions of bar size, Rbar, (lower) with stellar mass M*, 30 kpc for galaxies in TNG100 (blue) and TNG50 (red). In the bottom panel, the cyan shaded region represents the 3σ scatter range of bar sizes in the S4G survey (Erwin 2018). The black dotted line shows the best-fit relationship between bar size and stellar mass for the S4G sample (Erwin 2019). The green dashed lines indicates the 20th percentile of the bar size distribution derived from the S4G sample. Galaxies with short bars (bar sizes below the S4G 20th percentile) in TNG50 and TNG100 are highlighted with green circles. In the top panel, the solid and dashed lines show the bar fraction for all bars and bars longer than the S4G 20th percentile for TNG50 (red) and TNG100 (blue), respectively. The numbers next to the points indicate the number of barred galaxies over the total number of disk galaxies in each stellar mass bin for TNG50 and TNG100. Black line represent the fit of bar fractions observed in the near-infrared S4G survey (Erwin 2018).

      

    

  
    
      Fig. 5. 
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        Distributions of fhalo, Re, κrot, and sSFR in barred (red), short-bar (green), and unbarred (blue) galaxies in TNG100. The lower and upper panels show relatively less massive and more massive galaxies, respectively. The dashed lines of the corresponding color indicate the median values. The numbers shown in the left column give the number of galaxies for the corresponding galaxy types and mass ranges.

      

    

  
    
      Fig. 7. 
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        Fraction of galaxies that experienced at least one major merger since a certain look-back time tLB in TNG50 (dotted) and TNG100 (solid). The results of four mass ranges are shown, i.e., log (M*, 30 kpc/M⊙) = 10.6 − 10.8 and log (M*, 30 kpc/M⊙) = 10.8 − 11.1. The blue, red, and green profiles are unbarred, barred, and short-bar galaxies, respectively.

      

    

  
    
      Fig. 10. 
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        Evolution of the bar characteristics (left column) in relatively less massive barred (red), short-bar (green), and unbarred (blue) galaxies with log (M*, 30 kpc/M⊙) = 10.6 − 10.8 in TNG100 and the evolution of some parameters of the galaxies (middle and right columns). The left column displays the evolution of the bar size (Rbar) obtained from ellipse fitting (middle panel) and the evolution of bar fraction for the sample of galaxies based (top panel). It also presents the evolution of A2, max obtained from Fourier decomposition (bottom panel). The middle column shows the evolution of stellar mass (M*), central gas mass (Mgas), and supermassive black hole mass (MBH). The right column shows the evolution of the stellar surface mass density within Re (ΣRe), the central 1 kpc stellar surface mass density (Σ1 kpc) and the ratio of kinetic energy over ordered rotation (κrot). For all the panels, the x-axis is lookback time, which equals z = 0 when lookback time = 0 Gyr, and z = 1 when lookback time ≈ 8 Gyr. The solid lines represent the median values of each distribution, with colored regions indicating the 16–84th percentile range.

      

    

  
    
      Fig. 11. 
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        Evolution of the radial profiles of two-component disk stability parameter (Q2comp) for barred (red), short-bar (green), and unbarred (blue) galaxies across four mass ranges from z = 1 (top) to z = 0 (bottom) in TNG50 (colored region). The columns from left to right, show the changes over cosmic time within four mass ranges shown at the top of each column. TNG100 galaxies (points with error bars) are overlaid in the mass bins with log (M*/M⊙) = 10.6 − 10.8 and log (M*/M⊙) = 10.8 − 11.1 (right two columns). The solid curves and points represent the median values, while the colored regions and error bars give the range from the 16th to the 84th percentiles of each Q2comp distribution. The numbers in the bottom panels are the number count of galaxies in each sample.

      

    

  
    
      Fig. 12. 
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        Radial profiles of stellar surface density for barred (red), short-bar (green), and unbarred (blue) galaxies in TNG50 (shaded areas) and TNG100 (points with error bars) from z = 1 (top row) to z = 0 (bottom row). In each panel, all distributions are rescaled by the median radial stellar surface density of the disk galaxy sample from TNG100. The black horizontal line, which corresponds to 1, represents the median radial stellar surface density profile of the TNG100 disk galaxy sample. Points and lines represent the median values of each distribution, while the error bars and shaded areas show the 16–84th percentiles.

      

    

  
    
      Fig. 13. 
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        Evolutionary history of bar size (color) for barred (left column), short-bar (middle column), and unbarred (right column) galaxies in TNG100 (top row) and TNG50 (bottom row). Each row of one panel represents the bar size of an individual galaxy as a function of lookback time (tLB). Galaxies in each panel are ranked by stellar mass.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Evolutionary features of bars as a function of galaxy stellar mass. TNG100 galaxies are shown by points with error bars. And the shaded regions correspond to TNG50 galaxies. The top panel shows the ratio of unbarred galaxies fDestroy at z = 0 that previously had a bar. The middle panel shows the ratio of the bar size between z = 0 and its maximum size throughout the galaxy’s history Rbar, z = 0/Rbar, max. The bottom panel illustrates the bar formation time in lookback time tform, LB as a function of galaxy mass. For the middle and bottom panels, the points and solid lines represent the median values, and the error bars and shaded envelopes show the 16–84th percentile distributions. Regarding the bottom panel, for galaxies with masses greater than 1010.6 M⊙, many bars had already formed by a lookback time of 8 Gyr. In the top panel, the error bars and shaded regions stand for variations resulting from different definitions of bar presence.

      

    

  
    
      Fig. A.1. 
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        Examples of face-on stellar surface density images of a barred galaxy (top) and an unbarred (bottom) from TNG100. The right panels show the corresponding fitting results from Imfit.

      

    

  
    
      Fig. B.1. 
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        Similar to Fig 4, this figure presents KS test results of TNG100 galaxies: the top panel shows the comparison between short-bar and barred galaxies, and the bottom panel shows results between short-bar and unbarred galaxies.
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