
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Sparsity relative difference Δs/s |200, Δ (top panels), Δs/s |500, Δ (central panels), and Δs/s |1000, Δ (bottom panels) as function of Δ for the GIZMO-SIMBA clusters in the catalogues at z = 0 (left panels) and 1 (right panels). The blue squares (yellow triangles) represent the average for the full (relaxed) cluster sample, while the shaded areas correspond to the standard deviation. The black dashed lines in the plots mark the 5% differences respectively, while the solid blue (yellow) lines correspond to the linear regression of the average values.

      

    

  
    
      Fig. 5. 
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        As in Fig. 3 but for the GADGET-MUSIC catalogues.

      

    

  
    
      Fig. 7. 
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        Pearson’s correlation coefficients as function of redshift for the GIZMO-SIMBA (yellow markers) and GADGET-X (blue markers) clusters from the full (filled markers) and relaxed (empty markers) samples. The shaded areas (dark to light blue) correspond to “very weak”, “weak” and “moderate” correlations respectively.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Sparsity s200, 500 estimated from the HE masses of the GADGET-X clusters from Gianfagna et al. (2023) at z = 0 (left panel), 0.5 (central panel) and 1.0 (right panel) using the X-ray temperature and gas density profiles (filled goldenrod squares) and SZ pressure profiles (empty blue circles). Values of s200, 500 ≤ 1 correspond to disturbed clusters for which the HE is not satisfied. Some of these are associated to systems with a vanishing or negative HE mass bias at R500 and a significant bias at R200.

      

    

  
    
      Fig. 11. 
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        Probability density function of the HE sparsity bias bs200, 500 (left columns), bs200, 2500 (central columns), and bs500, 2500 (right columns) for the X-ray (blue bars) and SZ (red bars) masses, respectively, at z = 0.07 (top rows), 0.46 (central rows), and 0.99 (bottom rows).

      

    

  
    
      Fig. 12. 
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        HE sparsity bias bs200, 500 and bs200, 2500 as function of M200 (top panels) and bs500, 2500 as function of M500 (bottom panel) for the X (left panels) and SZ (right panels) masses of the full cluster sample at z = 0.0 (blue circles), 0.5 (magenta squares), and 1.0 (green stars). The different lines correspond to the median (solid) and the mean (dashed), while the shaded area to the region comprised between the 16th and 84th percentile.

      

    

  
    
      Fig. 13. 
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        Summary statistics of the HE sparsity bias bs200, 500 (top panels), bs200, 2500 (mid panels), and bs500, 2500 (bottom panels) as a function of redshift for the X (left panels) and SZ (right panels) masses. The different lines correspond to the median (solid) and mean (dashed), while the shaded area corresponds to the region comprised between the 16-th and 84-th percentile.

      

    

  
    
      Fig. 14. 
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        HE sparsities sΔ1, Δ2HE from the X (blue) and SZ (red) catalogues with respect to their GADGET-X counterparts at z = 0 in the case of s200, 500 (left panel), s500, 2500(central panel), and s200, 2500 (right panel). The coloured dashed line correspond to the average linear fit to the 25 equally spaced binned data points (squares) in bins of true sparsities containing at least two clusters. The shaded areas indicates that 1 and 2σ credible regions. The black solid line corresponds to the unbiased case.

      

    

  
    
      Fig. 15. 
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        Mean sparsities predicted by Eq. (6) with the redshift-dependent corrections (solid red lines) for the Uchuu fiducial cosmology against the estimates of the means from the UCHUU-DM data sample in equally spaced redshift bins (blue squares).

      

    

  
    
      Table 6. 

      Linear regression coefficients of the selection-baryon bias model.
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	b0sel-b
	0.00 ± 0.12
	−0.13 ± 0.42
	−0.11 ± 0.37



	b1sel-b
	−0.01 ± 0.21
	0.20 ± 0.60
	0.16 ± 0.54





      

      
Notes. Average and 1σ error of the linear regression coefficients of the selection baryon bias for different sparsity configurations (columns from left to right).



    

  
    
      Fig. 16. 
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        Bayesian graph models representing the relation between the cosmological parameters (Ωm, S8), the mean sparsity model prediction at a given redshift ([image: equation]), the covariance among multiple sparsities at a given redshift (Cz, which reduces to the sparsity variance in the case of a single sparsity analysis), and the mean sparsity data (sz). Panel (a) show the simplest data model with no bias included with the posterior sample as given by Eq. (14), while the data model shown in panel (b) accounts for the selection-baryon bias as in Eq. (17), and that shown in panel (c) extend the model to the HE bias with the posterior given by Eq. (19).

      

    

  
    
      Fig. A.2. 
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        As in Fig. A.1 but for ⟨s500, 1000⟩ as function of M500.

      

    

  
    
      Fig. B.2. 
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        As in Fig. B.1 but for halo masses M500.

      

    

  
    
      Fig. B.3. 
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        As in Fig. B.1 but for halo masses M2500.

      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        Estimates of the mean and standard deviation of selection-baryon bias for different sparsity configurations at different redshift bins (blue squares). The solid blue lines correspond to the average linear regression fits, while the shaded areas represents 1 and 2σ credible regions.

      

    

  
    
      Fig. D.2. 

      
        [image: thumbnail]
      

      
        Correlation coefficients of the different sparsity pairs s200, 500 − s500, 2500 (lowest curves), s200, 500 − s200, 2500 (middle curves), s200, 2500 − s500, 2500 (top curves) as a function of redshifts from the DM-only (solid light-blue line), GADGET-X (solid orange line), MDPL2 (dashed red line), Raygal (solid blue line), and M2Csims (dotted green line) samples.
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