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Figures 1-34:  Plots of , , and |D| on a linear and log 

scale . 

 

Note: 

   

 I and J are scalar curvature invariants of the Riemann 

Tensor (see main text). 

  

  

   

 In the plots for Dr, Di and the linear-scale plot for |D| 

in Figures 1-34, the values of Dr and Di are cut off to 

lie in the range [-1,1].  The data for the log-scale plot 

for |D| is not cut off, however.  See main text for 

details. 

 

Legend for Figures 31-34: 

 Upper Left: |D| on a log scale 

 Upper Right: |D| on a linear scale 

 Lower Left: Dr 

 Lower Right: Di 

 Green contours: Level 0.0003 sets 
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 Red contours: Level 0.0005 sets 

 White contours: Level 0.001 sets 

 MOTSs of initial 

BHs 

 Blue dots: Centroids of MOTSs of initial BHs 

 Deep pink contours: Level 0 sets 

  



23 

 

 

Figure 1: T = 0. 
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Figure 2: T = 1 
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Figure 3: T = 2 
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Figure 4: T = 3 
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Figure 5: T = 4 
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Figure 6: T = 5 
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Figure 7: T = 6 
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Figure 8: T = 7 
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Figure 9: T = 8 
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Figure 10: T = 9 
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Figure 11: T = 10 
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Figure 12: T = 11 
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Figure 13: T = 12 
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Figure 14: T = 13 
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Figure 15: T = 14 
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Figure 16: T = 15 
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Figure 17: T = 16 
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Figure 18: T = 17 

  



41 

 

 

Figure 19: T = 18 
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Figure 20: T = 19 
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Figure 21: T = 20 
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Figure 22: T = 21 
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Figure 23: T = 22 
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Figure 24: T = 23 
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Figure 25: T = 24 
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Figure 26: T = 25 
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Figure 27: T = 26 
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Figure 28: T = 27 
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Figure 29: T = 28 
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Figure 30: T = 29 
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Figure 31: T = 30 
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Figure 32: T = 34 
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Figure 33: T = 38 
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Figure 34: T = 42 
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Figures 35-

at times T = 12, 16, 20, 24, and plots of locations of local 

minima of |D| along these selected constant x slice plots. 

  

Legend for Figures 35-51: 

 Slice plots  = plots of |D| vs y for fixed x (at a fixed 

time). 

 Upper left plot: Plot of |D| vs y and x with points of 

local minima along slice plots indicated 

 Remaining plots (not upper left): Slice plots of |D| at 

various resolutions indicating local minima.  

 Green points (Upper left): Plots of local minima of 

|D| along slice plots. 

 Green points (remaining plots): Points of |D| 

measured from numerical simulation [E. Schnetter, 

2020] 

 Blue dots: Centroids of MOTSs of initial BHs. 

 - MOTSs of initial 

BHs. 

 Green contours (Upper left): level 0.0003 sets of |D|. 

 Red contours (Upper left): level 0.0005 sets of |D|. 

 White contours (Upper left): level 0.001 sets of |D|. 
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Figure 35: T = 12, x = 0 
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Figure 36: T = 12, x = 0.03125 
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Figure 37: T = 12, x = 0.125 
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Figure 38: T = 12, x = 0.28125 
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Figure 39: T = 12, x = 0.65625 
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Figure 40: T = 16, x = 0 
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Figure 41: T = 16, x = 0.0625 
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Figure 42: T = 16, x = 0.25 
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Figure 43: T = 16, x = 0.3125 
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Figure 44: T = 16, x = 0.5 
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Figure 45: T = 16, x = 0.75 
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Figure 46: T = 16, x = 1.0 
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Figure 47: T = 20, x = 0.125 
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Figure 48: T = 20, x = 0.375 
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Figure 49: T = 20, x = 0.5 
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Figure 50: T = 20, x = 0.625 
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Figure 51: T = 20, x = 0.75 
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Figures 52-55: Plotting all local minima from slice plots 

taken from Figures 35-51 at the respective times T = 12, 

16, 20, and 24.   

 

Legend for Figures 52-55: 

 Upper left plots:  Plots of local minima of |D| 

considering only neighbouring values of |D| as taken 

along constant x sections. 

 Upper right plots:  Plots of local minima of |D| 

considering only neighbouring values of |D| as taken 

along constant y sections. 

 Lower plots:  Plots of Dr. 

 Green dots: Local minima of |D| taken along the x-

direction (for lower left plot) or along the y-direction 

(for lower right plot). 

 Green curves: level 0.0003 sets of |D|. 

 Red curves: level 0.0005 sets of |D|. 

 White curves: level 0.001 sets of |D|. 

 Deep pink curves: level 0 sets of , where  is cut 

off to lie in the range [-1,1] (see description for 

Figures 1-34). 

 Blue dots: centroids of MOTSs of initial BHs. 
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Figure 52: T = 12 
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Figure 53: T = 16 
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Figure 54: T = 20 
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Figure 55: T = 24 
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Figures 56-59: Comparing plots of local minima along the 

x direction from Figures 52-56 with level 0.0003 sets of 

|D|. 

 

Legend for Figures 56-59: 

 Top plot:  Plot of |D| vs position at the time indicated 

 Bottom plot:  Plot of |D| vs position at the time 

indicated with magnified resolution 

 Green curves:  Level 3e-4 curves of |D| 

 White curves:  Level 1e-3 curves of |D| 

 Green dots: Plots of local minima of |D| taken along 

sections of constant x, restricted to lie between 

0.0001 and 0.0012 

 Blue dots: Centroids of MOTSs of initial BHs 
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Figure 56: T = 12 
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Figure 57: T = 16 
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Figure 58: T = 20 
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Figure 59: T = 24 
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Figures 60-63: Comparing plots of local minima along the 

x direction from Figures 52-56 with level 0 sets of . 

 

Legend for Figures 60-63: 

 Top plot:  Plot of the zeros of Dr vs position at the 

times indicated 

 Bottom plot:  Plot of the zeros of Dr vs position at the 

times indicated with magnified resolution 

 Deep pink curves: Level 0 sets of   

 Green dots: Plots of local minima of |D| taken along 

sections of constant x (lower left plot).  Plots of local 

minima of |D| taken along sections of constant x 

restricted to lie between 0.0001 and 0.0012. 

 Blue dots: Centroids of MOTSs of initial BHs. 
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Figure 60: T = 12 
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Figure 61: T = 16 
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Figure 62: T = 20 

  



89 

 

 

Figure 63: T = 24 
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Figures 64-67:  Magnified Plots of , , , 

and  for times T = 12, 16, 20, and 24.  

 

Notes: 

  

  

 The values of , and , , and , have 

been cut off to lie in the range [-1,1].  See main text 

for details. 

 

Legend for Figures 64-67: 

 Upper left plot: -  

 Upper right plot: 2* *  

 Mid left and lower left plot:  

 Mid right and lower right plot:  

 Saddle brown contours: Level -0.1 sets 

 Yellow contours: Level -0.01 sets 

 White contours: Level 0.001 sets of |D|  

 Lime green contours: Level +0.01 sets 

 Cyan contours: Level +0.1 sets 

 Blue dots: Centroids of MOTSs of initial BHs 
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Figure 64: T = 12 
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Figure 65: T = 16 
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Figure 66, T = 20 
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Figure 67, T = 24 
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Figure 68:  Assessing the validity of approximating the 

MOTSs of the initial BHs as a spherically symmetric 

surface and comparing these MOTSs with the white 

level 0.001 sets of |D|. 

 

Legend: 

  initial BH MOTSs 

 Light Sky Blue circles: points of initial BH MOTSs 

calculated exactly from spherical coordinates 

corresponding to z = 0.03 ± 0.01 

 d  initial BH 

MOTSs 

 Light Sky Blue dots: centroids of initial BH MOTSs 

from exact calculation 

 White Contours:  Level 0.001 sets of |D|. 

 Upper left, upper right, lower left and lower right 

plots: plots of |D| (log scale) at times T = 12, 16, 20, 

24, respectively with magnified resolution  
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Figure 68: Plotting the MOTSs of the initial BHs  
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Figures 69-76: Comparing the inner and outer MOTSs, 

which formed after bifurcation, with the initial two 

MOTSs of the BHs. 

 

Legend for Figures 69-76: 

 Purple dots: points on the inner MOTS (for upper 

plot) or outer MOTS (for lower plot) calculated 

exactly.  These points correspond to z = 0.0 ± 0.1.  

The inner or outer MOTS are labelled in the plots. 

 Regular 

MOTSs 

 Light Sky Blue circles: points of initial BH MOTSs 

calculated exactly corresponding to z = 0.03 ± 0.01 

  initial BH 

MOTSs 

 Light Sky Blue dots: centroids of initial BH MOTSs 

from exact calculation 

 White Contours:  Level 0.001 sets of |D| 

 Upper panel: plot of |D| with superimposed inner 

MOTS. 

 Lower panel: plot of |D| with superimposed outer 

MOTS.  
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Figure 69: T = 19 
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Figure 70: T = 20 
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Figure 71: T = 21 
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Figure 72: T = 22 
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Figure 73: T = 23 
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Figure 74: T = 24 
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Figure 75: T = 25 



105 

 

 

Figure 76: T = 26 
































