
    
      Fig. 3. 
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        Same as Fig. 2 but for merger models Bh.

      

    

  
    
      Fig. 5. 
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        Same as Fig. 4 but for merger models Bj of Table 3. The meaning of the symbols is the same, as is the viewing direction.

      

    

  
    
      Fig. 7. 
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        Histograms of the DM line-of-sight velocity distribution for the NW and SE clusters of the same merger models shown in Fig. 6. The NW (SE) histograms are normalized to a total number of 51 (36) members, as in Fig. 9 of ZYL15. For each model in the figure is reported the relative mean radial velocity between the SE and NW cluster components.

      

    

  
    
      Table 6. 

      Initial merger parameters and IDs of the merger simulations of Figs. 10 and 11.

      
        


	Model: {M1,  rs,  q,  P,  V,  ζ = rs/rc}
	BCGs
	σDM/mX [cm2 gr−1]
	IDs of the merger simulations





	Bf_rc20: {1.6 × 1015,  0.696,  2.32,  600,  2500,  3.44}
	√
	0
	DBf_rc20



	




	Bl_rc24: {1.×1015,  0.574,  1.54,  600,  2000,  2.39}
	√
	0
	DBl_rc24



	




	Bf_rc20
	√
	1/2/5
	XDBf_rc20



	Bl_rc24
	√
	1/2/5
	XDBl_rc24





      

      
Notes. Columns from left to right: collision parameters of the mergers, cluster halos with initially a BCG mass component, value of the SIDM cross-section per unit mass, ID of the merger simulations. For the simulations with σDM/mX >  0, the label X generically refers to merger runs with different values of σDM/mX.



    

  
    
      Fig. 10. 
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        X-ray surface brightness images extracted from simulations of models DBf_rc20 and DBl_rc24. The merging parameters are the same as models Bf_rc20 and Bl_rc24, respectively, but the runs were performed with initial conditions including for the two clusters a stellar mass component describing a BCG (see Sect. 2.2.3). In each panel the open orange stars mark the projected spatial location of the mass centroids of the star particles representing the BCGs. The value of [image: equation] is relative mean radial velocity along the line of sight between the SE and NW BCG components. The meaning of the other symbols and the viewing direction is the same of the maps shown in Fig. 1.

      

    

  
    
      Fig. 11. 
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        X-ray surface brightness maps extracted at the present epoch, t, from two sets of SIDM merging runs. The simulations of the top (bottom) panels have the same initial conditions of model DBf_rc20 (DBl_rc24) of Fig. 10. From left to right each row of panels corresponds to SIDM simulations performed for three different values of the DM scattering cross-section: σDM/mX = 1,  2, and 5 cm2 gr−1, respectively. In each panel the distance dX-DM indicates the value in kpc of the projected distance between the X-ray emission peak and the DM mass centroid, dBCG-X that between the mass centroid of the BCG galaxy and the X-ray emission peak, and finally dBCG-DM is the distance between the BCG and DM mass centroids. All of the centroids refer to the SE cluster. The meaning of the other symbols is the same as in Fig. 10. The thresholds and the spacing of the contour levels are the same as those in Fig. 1. In each panel the value of n is the simulation step at which the map is extracted and t = 0 at the pericenter passage. The observer epoch is defined as in the other figures.

      

    

  
    
      Fig. 12. 
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        X-ray images extracted at the observer epoch from two SIDM merging simulations. The initial conditions of the two runs are given in Table 7. The meaning of the distances shown in each panel is the same of the ones reported in Fig. 11, with the exception of [image: equation], which is the projected distance between the SZ peak and the DM mass centroid of the NW cluster. As in Fig. 10, [image: equation] is line-of-sight relative mean radial velocity between the two BCGs. The thresholds and the spacing of the contour levels are the same as in Fig. 1. The filled circles indicate the peak locations from several observations, as taken from Fig. 6 of Kim et al. (2021). Their spatial positions have been normalized to the relative distance from the mass centroids (see the main text). The color coding of the circles is the same of the associated crosses, which indicate the projected positions of the corresponding centroids as extracted from the simulations.

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Radial density profiles of the stellar and DM components of the merger model XDBf_sb of Fig. 12. The left (right) panel is for the NW (SE) cluster. Solid lines refer to the present epoch, after the core passage, and dashed lines correspond to the start of the simulation. The profiles of the different components are indicated by different colors, red and blue are for DM and BCG, respectively. The origin of the profiles is centered on the centroid of the corresponding mass component. In each panel is reported the value of c200, together with its statistical error, as obtained by using an NFW profile to fit the cored DM density profile. The adopted fitting procedure is the same as that described by Duffy et al. (2008), the corresponding best-fit density profile is indicated by the black dots.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Total mass as a function of radius, R, for the two clusters of the merger model XDBf_sb. As in Fig. 13, the left (right) panel is for the NW (SE) cluster. Solid blue lines refer to the observer epoch, and red lines at t = 0. The quoted values of M200 and r200 are determined according to Eq. (3) from the cumulative mass profile . In each panel the filled blue square refers to the lensing mass estimate of the corresponding cluster, as reported in Table 2 of Kim et al. (2021); from the cumulative mass profile of their Fig. 18 we also extrapolated the cluster mass within 500 kpc, as indicated by the magenta triangle. For the same cluster the point denoted by a filled red circle corresponds to the initial values of M200 and r200, as given in Tables 1 and 2 for the merger model Bf_rc20.

      

    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
        X-ray images extracted from two alternative simulations of the merger models DBf_rc20 (Fig. 10) and XDBf_sb (Fig. 12). The only difference in the simulation setup is the initial value of the SE cluster halo concentration parameter, [image: equation]. From Eq. (5) the concentration parameter of these models is fixed to [image: equation], while for this study we set here [image: equation] (left panels) and [image: equation] (right panels). Top panels are for model DBf_rc20 and bottom panels for model XDBf_sb. A negative dX-DM offset indicates that the X-ray peak is trailing the DM centroid of the SE cluster.

      

    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        Initial gas density profiles of the SE cluster for different models of the radial gas distribution. The Br profile refers to the Burkert profile (Eq. (9)), with the gas core radius set to rc = rs/3 and rs the NFW scale radius (Eq. (4)). This is the initial gas density profile of the SE cluster previously adopted in all of the merger simulations. The label Vk generically refers to the Vikhlinin et al. (2006) gas density profile described by the form (28), different curves are for different settings of the profile parameters [image: equation]. The radii [image: equation] and [image: equation] are in units of as, the scale radius of the generalized sNFW profile (Eq. (29)). All of the profiles are normalized to [image: equation] at r = r200, as in model XDBf_sb of Table 7.
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