
    
      Fig. 2 
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Snapshots of tidal encounter processes for the three outcome classes, “deformation” with V∞ = 10 km s−1 and q = 1.9 R⊕, “shedding” with V∞ = 6 km s−1 and q = 1.6 R⊕, and “disruption” with V∞ = 2 km s−1 and q = 1.3 R⊕, of the RCP (upper frame) and HCP (lower frame) models. The line of sight is in a direction perpendicular to the orbital plane (the same as Fig. 1), and the light rays are ejected from the Earth to illustrate the Earth’s direction (as indicated by the chunky red arrows in each snapshot). The top-left snapshot in each frame shows the start of each run, where the rubble pile rotates in a prograde direction. Time proceeds from left to right in each row. The values of time relative to the perigee and distance to the Earth’s center are indicated on the top of each snapshot. Particles of the rubble pile at the surface are colored in yellow and interior ones are colored in green. The thin red lines with arrows in the two middle snapshots of the HCP “deformation” case highlight the sliding motion between the two hemispheres of the HCP packing. An animation of each case shown in this figure is available online.
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Particle velocity distribution over a cross-section parallel to the orbital plane (i.e., perpendicular to the maximum moment of inertia axis) at different stages of the encounter process for the RCP (left column) and HCP (right column) models with V∞ = 6 km s−1 and q = 1.6 R⊕ (i.e., the “shedding” case shown in Fig. 2). The particle velocity is computed with respect to the mass center of the rubble pile. The time relative to the perigee and distance to the Earth’s center are given at the bottom of each plot. The colors and directions of the short lines correspond to the magnitudes and directions of the velocity vectors, respectively.
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Similar to Fig. 4 but for q = 1.6 R⊕ and differentV∞.
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Elongation and spin period evolution of the largest remnants during tidal encounters for the RCP model with V∞ = 10 km s−1 and q = 1.9 R⊕ (mild deformation) for different tangential friction coefficients μS (left column) and shape parameters β (right column).
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Similar to Fig. 6 but for the HCP model with different resolutions, where N = 2953 for the first row and N = 11 577 for the second row. The three lines plotted on the top-left panel indicate the tidal disruption mass loss outcomes of previous simulations using the HSDEM (based on Fig. 1 in Schunová et al. 2014), where above the“100%” line the progenitor has no mass loss, below the “90%” line more than 10% of the progenitor’s original mass is lost, below the “50%” line the mass loss is larger than half of the original mass M0 (see Sect. 4).
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Scaled spin limits for prolate bodies. The colored symbols are the final stable spin rates of the largest remnants in our tidal encounter simulations using an RCP configuration with three different angles of friction, as well as an HCP configuration with two different resolutions, as a function of the largest remnants’ axis ratios α1. The gray curves are the theoretical spin limits for the indicated angles of friction derived from a static continuum approach using the Drucker-Prager yield criterion (Holsapple 2007). For angles of friction with two curves, the permissible spin rates lie in the region between the two curves.


    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
Dynamical evolution of the scaled spin rate during a tidal encounter with V∞ = 11 km s−1 and q = 1.2 R⊕. The coloredcurves show the dynamical evolution of the scaled spin rates of the largest remnants for the RCP models with three angles of friction and the HCP models with two resolutions, as a function of the rubble pile axis ratio α1. The red dot denotes the final stable state of the largest remnant for every case. The gray curves have the same meanings as in Fig. 11.
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Cumulative fragment post-disruption speed distributions for the low-resolution HCP model in “disruption” events with V∞ = 1 km s−1 and differentq at the end of the SSDEM simulations (well beyond Earth’s Roche limit). The colors of the curves represent the results with different q as indicated in the legend. The post-disruption speed is calculated for each fragment with respect to the largest remnant in each case.
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Cumulative fragment relative speed distributions for the low-resolution HCP model in “disruption” events with V∞ = 1 km s−1 and differentq at the end of the SSDEM simulations (well beyond Earth’s Roche limit). The colors of the curves represent the results with different q. The relativespeed is calculated for each fragment with respect to its neighbors in the fragment trains for each case.
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Snapshots of fragment distributions in the SL9 tidal encounter simulations with different progenitor bulk densities (as indicated on the top of each snapshot), shown ~14 h after perijove (about to pass the orbit of Ganymede). The mass of the largest remnant Mlr and the number of fragments with mass larger than 1% of the original mass M0 are given onthe bottom for each density case.
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