
    
      Fig. 3. 
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        Average cluster matter profiles ΔΣ(R) in the Magneticum simulation at five redshifts (color-coded on left) for the same halo-mass bin, 14.65 <  log(M200c/M⊙)< 14.85, and for three mass and redshift bins (color and line-type coded on right). The dependence of the matter profiles on cluster mass and redshift is clearly visible. The thickness of the lines represents the 68% credible region in the average matter profiles.

      

    

  
    
      Fig. 5. 
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        Fractional variation in the average matter profiles versus radius shown for ΔΣ(R) on the left and for average rescaled matter profiles [image: equation] on the right. We track the scatter due to redshift variations in blue and mass variations in orange. The average rescaled matter profiles exhibit approximately six and 23 times less variation on average with redshift and mass, respectively, within the one-halo region.

      

    

  
    
      Fig. 7. 
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        Average rescaled SPT cluster matter profiles [image: equation] constructed using the mass calibration posteriors from Bocquet et al. (2024a). In the left panel, we show [image: equation] profiles for three redshift bins, and in the right panel we show [image: equation] profiles for different richness bins. The average rescaled matter profiles show regularity similar to that seen in Fig. 4 for the cluster simulations.

      

    

  
    
      Fig. 10. 
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        Contour plot showing the posterior constraints for cluster mass calibration using average matter profiles (in red) of the SPT cluster sample in a ΛCDM model. The blue contour shows cluster-by-cluster WL-only mass calibration results from Bocquet et al. (2024a) for the same SPT sample. The dashed blue line shows the prior boundary used in Bocquet et al. (2024a) for two parameters which is smaller than ours.

      

    

  
    
      Fig. 11. 
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        Average SPT cluster matter profiles corresponding to the mean recovered parameters in twelve [image: equation] bins are shown with black data points with 1σ error bars. The WL model is shown in the red line and the shaded blue region represents 2σ error region on the model.

      

    

  
    
      Fig. 12. 
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        Observed optical richness [image: equation] of SPT clusters as a function of the cluster halo mass (top) and redshift (bottom). The clusters are shown with filled circles, where the error bars also capture the error in the observable-mass relations and the estimated cluster halo mass. The top and bottom plots shows the richness [image: equation] normalized at the pivot redshift zpiv = 0.6 and the pivot mass Mpiv = 3 × 1014h−1 Mpc, respectively. The intrinsic model (Eq. (27)) is shown in blue. The light and dark-shaded regions in both the panels represent 68% and 95% credible intervals of the mean model respectively.

      

    

  
    
      Fig. 13. 
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        Observed debiased detection significance [image: equation] of SPT clusters as a function of the cluster halo mass (top) and redshift (bottom). The intrinsic model (Eq. (24)) is shown in blue. The plotting scheme is the same as Fig. 12. The effects of Eddington bias and selection on [image: equation] can be seen in the above plots.

      

    

  
    
      Fig. 14. 
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        Distributions of deviations in [image: equation] about the intrinsic observable-mass relation shown for the SPT sample (green histogram) and a mock dataset (100 times larger) drawn from that same intrinsic relation (orange line). The top (bottom) panels show the deviations in low and high mass (redshift) with the measured redshift (mass) trend removed as in Fig. 12.

      

    

  
    
      Fig. 15. 
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        Same as Fig. 14 but for normalized [image: equation]. The top (bottom) panels show the deviations in low and high mass (redshift) with the measured redshift (mass) trend removed as in Fig. 13.

      

    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        Average rescaled matter profile [image: equation] of the full sample of 698 clusters over the full mass and redshift ranges estimated using the mean mass posterior [image: equation] for each cluster (see Eq. (49)). The black points represent the measured mean profile, and the error bars include not only shape noise but also marginalization over the cluster mass uncertainties. The dark and light-shaded red bands show 68% and 95% credible intervals, respectively, on the model profile extracted from hydrodynamical simulations.

      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        Comparison of the posterior for the SPT sample with the same binning but different inner radius fit (left figure) of 0.5h−1Mpc (red) and 0.7h−1Mpc (blue). The blue posterior is in good agreement with the red posterior with a slightly larger error region. In the right figure, we compare the results from two different observable binning schemes while keeping the inner-fitting radii fixed at 0.5h−1Mpc. We see good agreement between the two results suggesting our results are not heavily affected by the choice of observable binning.
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