
    
      Table 1. 

      Summary of the considered selections on the galaxy sample.

      
        


	Flag
	Selection
	Justification





	SPECPRIMARY
	1
	Select unique objects



	




	CLASS
	“Galaxy”
	Select only galaxies



	




	ZWARNING
	0, 4, 16
	Good spectral fit



	




	Z
	0.05 < z < 0.75
	Richness-mass relation



	




	ZERR
	< 6 × 10−4
	Accurate redshifts





      

    

  
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Redshift distribution of the selected galaxies. The blue histogram represents the galaxy redshift distribution of the Legacy Survey, while the red histogram shows the distribution of BOSS and eBOSS.

      

    

  
    
      Table 2. 

      Summary of the considered selections on the cluster sample.

      
        


	
	Selection
	Justification





	Redshift
	z < 0.5
	High purity



	




	Mass
	M500 > 1.5 × 1014 M⊙
	High signal



	




	N° of members
	≥4
	High purity



	




	N° of members
	
	Accurate



	to compute
	≥3
	Cluster centre



	the centre
	
	Determination





      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Redshift (top panel) and mass distribution (bottom panel) of the selected cluster sample. The solid blue histograms represent the distributions of all WL15 clusters within the redshift and mass ranges where the richness-mass relation was calibrated. The yellow histograms show the distributions of the clusters with mass above 1.5 × 1014 M⊙, while the green histograms show the distributions of the clusters with z < 0.5. The dashed purple histograms show the distributions of the clusters that have at least four associated galaxies. Finally, the red histograms represent the distributions of the final selected cluster sample.

      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Angular maps around four galaxy clusters of the selected sample. The black points represent the cluster member galaxies, while the red squares show the positions of the field galaxies. The gold diamond shows the cluster centres and the cyan star represents the cluster BCGs. The dashed green circle indicates the cluster r500 radii. The arrows show the galaxy line-of-sight velocities with respect to the cluster centres. The arrows pointing upwards (downwards) represent positive (negative) velocities. The objects are representative examples of four different cluster types: a low-redshift massive cluster with a large number of identified galaxy members (top left panel); a high-redshift small cluster, though with a sufficient number of members (top right panel); an isolated cluster with only a few identified members (bottom left panel); and two small close clusters (bottom right panel).

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Phase-space diagram for the stacked member galaxy data of the clusters in the WH15 catalogue. The top panel shows the diagram before the correction procedure, while the bottom panel shows the background-corrected phase-space diagram. The colour bar shows the number of member galaxies we have in each bin. The bins have a size of 0.05 r500 × 50 km s−1. The vertical dashed red lines show the bins where we calculated the mean of the velocity distributions.

      

    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        Velocity distributions of the WH15 cluster member galaxies in the four bins of projected transverse distance. These distributions were shifted vertically by an arbitrary amount (−0.2, 0, 0.2 and 0.35), for visual purposes. The coloured points represent the data of the binned background-corrected phase-space diagram and the error bars represent the Poisson noise combined with the error of the background-correction method. The solid lines and the shaded coloured areas show the best-fit models and their errors, respectively.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Comparison between the estimated [image: equation] of the WH15 cluster member galaxies within each bin of transverse distance and the theoretical predictions from GR (solid blue line), f(R) (dotted red line), and sDGP (dash-dotted green line). The shaded coloured areas show the model errors that were caused by the fitting uncertainties on the cluster mass distribution, and the dispersion of the cluster redshifts. The black points show the estimated [image: equation]. The vertical error bars represent the range of the [image: equation] parameter, containing 68% of the marginalised posterior probability, while the horizontal error bars show the dispersion of the galaxy transverse distances in a given bin.

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Best-fit model of [image: equation] from MCMC (solid grey line) for the WH15 cluster member galaxies. The shaded grey area shows the 68% uncertainty on the posterior median. The theoretical predictions of GR (solid blue line), f(R) (dotted red line), and sDGP (dash-dotted green line) are shown for comparison.

      

    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        Comparison between the estimated integrated gravitational redshift signal [image: equation] up to 4r500 and the theoretical predictions from GR (solid blue line), f(R) (dotted red line), and sDGP (dash-dotted green line) as a function of the cluster mass. The shaded coloured areas show the model errors, while the black points show the estimated [image: equation]. The vertical error bars represent the range of the [image: equation] parameter containing 68% of the marginalised posterior probability, while the horizontal error bars show the dispersion of the cluster masses in a given bin.

      

    

  
    
      Fig. A.3. 

      
        [image: thumbnail]
      

      
        Best-fit model of [image: equation] from the MCMC (solid grey line) for all the clusters with mass above 3 × 1013 M⊙. The shaded grey area shows the 68% uncertainty on the posterior median. The theoretical predictions as functions of the transverse distance from the cluster centre from the GR (solid blue line), f(R) (dotted red line), and sDGP (dash-dotted green line) are shown for comparison.

      

    

  
    
      Fig. A.4. 

      
        [image: thumbnail]
      

      
        Comparison between the [image: equation] values computed with the scaling relation estimated in the f(R) strong field scenario, [image: equation] (red triangles), and the ones assuming the reference scaling relation considered in this paper, [image: equation] (black points). The former values are shifted horizontally by 0.1r⊥/r500, for visual purposes. The theoretical f(R) predictions were computed using the M500 values obtained from the f(R) scaling relation. The shaded coloured areas show the theoretical uncertainties caused by the fitting uncertainties on the cluster mass distribution, and the dispersion of the cluster redshifts. The vertical error bars represent the range of the [image: equation] parameter containing 68% of the marginalised posterior probability, while the horizontal error bars show the dispersion of the galaxy transverse distances in each given bin.
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