
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Examples of two proto-clusters at redshifts 1.666 and 2.8335 with 148 and 22 members, respectively. The proto-cluster members are shown as red-filled circles, while non-members inside the proto-cluster radius are shown as blue circles. Other non-members outside the proto-cluster radius in three dimensions are shown as small black dots, and members of other proto-clusters are shown as full green circles. The large black circle indicates the estimated proto-cluster radius, whose size is indicated in the top left corner of the plot.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Mean three-dimensional radial density profile of proto-clusters. The black solid line and blue points show the mean profile for all proto-clusters in the GAEA F lightcone in the redshift range z = 1.5 − 4, while the green curve shows that for proto-clusters with z = 1.5 − 2. The blue dashed curve shows the model fit. The red open symbols show the density profile for the clusters in the MAMBO lightcone (z = 1.5 − 4) for comparison. The galaxy density is scaled to the volume of the proto-cluster, volumerPC = (4/3)πrPC3.

      

    

  
    
      Table 6. 

      Definition of the five different categories of proto-cluster density profiles.

      
        


	Category
	Condition
	Npc
	Percent





	1
	D1 > D2 > D3
	542
	69



	2
	D1 > D3 > D2
	33
	4.2



	3
	D2 > D1 > D3
	67
	8.5



	4
	D2 > D3 > D1
	127
	16.1



	5
	D3 > D1 and D2
	17
	2.2





      

      
Notes. D1, D2, and D3 are the mean galaxy densities in the three radial intervals, 0 to 1/3, 1/3 to 2/3, and 2/3 to 1 rpc, respectively. The last two columns give the number of proto-clusters and the percentage in each category.



    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Galaxy counts in proto-clusters (red) in comparison to the background (blue) as a function of the total galaxy number in the proto-clusters. The top row was taken in the redshift range z = 1.5 − 2 with an aperture of 0.5 rpc and the bottom row in the range z = 3 − 4 inside an aperture of rpc. For the galaxy selection a redshift interval corresponding to Δz (50%) was used.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Ratio between the line-of-sight interval given by the photometric redshift uncertainty and the line of sight covered by proto-clusters, r(Δz (50%))/rpc). The ratios for all MAMBO proto-clusters as a function of redshift are shown.

      

    

  
    
      Fig. 11. 
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        Relative rms deviations of the projected background galaxy density fluctuations (solid lines) as a function of aperture radius for five different redshift intervals. The dashed lines show the estimated Poisson errors for comparison.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Detection significance of proto-clusters from the MAMBO simulation in the redshift interval z = 1.5 − 2. The panels show results for aperture radii of 0.5 (top) and 1 rpc (bottom). For the galaxy selection a redshift interval corresponding to Δz (50%) was used.

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Detection significance of proto-clusters as a function of aperture radius (top) and as a function of completeness limit (bottom) for three different redshift intervals. Top: The solid curves show the mean significance, while the dashed curves show the maxima. A redshift interval of Δz (50%) was used. Bottom: The completeness limit, Δz (X%), covers the range 30–90%. The solid lines show the results for an aperture radius of 0.5 rpc and dashed lines for 1 rpc.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Correlation of the galaxy background density for proto-clusters in an aperture radius of 5 arcmin and the background taken from an annulus of 9 to 13 arcmin radius from the cluster centre around each proto-cluster. The colours mark different redshift intervals from z = 1.5 to 4.0 with a width of Δz = 0.5.

      

    

  
    
      Table 7. 

      Statistics concerning the proto-cluster abundance and sky coverage as a function of redshift.

      
        


	Redshift
	Volume
	N(> M14)
	N(> 2 M14)
	N(> 5 M14)
	N(> M15)
	rad(M14)
	rad(M15)
	Area



	
	(deg−2)
	
	
	
	
	(arcmin)
	(arcmin)
	(deg2)





	0.50
	0.68
	5.47
	1.64
	0.21
	0.02
	6.528
	14.064
	0.0372



	1.00
	2.98
	23.82
	7.15
	0.89
	0.11
	5.079
	10.943
	0.0225



	1.50
	4.78
	38.21
	11.46
	1.43
	0.17
	4.447
	9.581
	0.0173



	2.00
	5.67
	45.38
	13.62
	1.70
	0.20
	4.084
	8.799
	0.0146



	2.50
	5.98
	47.86
	14.36
	1.79
	0.22
	3.842
	8.278
	0.0129



	3.00
	5.97
	47.78
	14.33
	1.79
	0.22
	3.665
	7.896
	0.0117



	3.50
	5.80
	46.43
	13.93
	1.74
	0.21
	3.527
	7.599
	0.0109



	4.00
	5.56
	44.48
	13.34
	1.67
	0.20
	3.415
	7.358
	0.0102



	4.50
	5.29
	42.29
	12.69
	1.59
	0.19
	3.322
	7.157
	0.0096



	5.00
	5.01
	40.07
	12.02
	1.50
	0.18
	3.243
	6.986
	0.0092



	5.50
	4.74
	37.91
	11.37
	1.42
	0.17
	3.174
	6.839
	0.0088



	6.00
	4.48
	35.86
	10.76
	1.34
	0.16
	3.115
	6.712
	0.0085



	6.50
	4.24
	33.92
	10.18
	1.27
	0.15
	3.064
	6.601
	0.0082



	7.00
	4.02
	32.13
	9.64
	1.20
	0.14
	3.019
	6.505
	0.0080



	7.50
	3.81
	30.45
	9.13
	1.14
	0.14
	2.981
	6.422
	0.0078



	8.00
	3.62
	28.92
	8.68
	1.08
	0.13
	2.948
	6.350
	0.0076



	8.50
	3.43
	27.46
	8.24
	1.03
	0.12
	2.919
	6.290
	0.0074



	9.00
	3.27
	26.16
	7.85
	0.98
	0.12
	2.896
	6.239
	0.0073





      

      
Notes. Column (1) gives the upper bound of the redshift interval with width Δz = 0.5, Column (2) shows the volume per deg2 in units of 106 Mpc3, Columns (3–6) provide the number of proto-clusters in this volume with mass > 1014, 2 × 1014, 5 × 1014 and 1015 M⊙, respectively, Columns (7,8) give the physical radii of proto-clusters with masses of 1014 and 1015 M⊙, and Column (9) shows the sky area covered by a proto-cluster with a mass ≥1014 M⊙.



    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
        Relative (rms) variations of the projected background galaxy densities (solid lines) with a local assessment as a function of aperture radius for five different redshift intervals.

      

    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        Detection significance for proto-clusters for the redshift range z = 1.5 − 2 (top) and z = 3 − 4 (bottom). For the galaxy selection a redshift interval corresponding to Δz (50%) was used. Top: A detection aperture of 5 arcmin was applied with a local background assessment. Bottom: An aperture of 7 arcmin was used.

      

    

  
    
      Fig. 20. 

      
        [image: thumbnail]
      

      
        Relative rms deviation of the galaxy number counts as a function of the mean number of galaxies for the proto-clusters in each mass-redshift bin (data points). We also show the expectation for the scatter if it would be governed by Poisson statistics, which is shown by the solid line.

      

    

  
    
      Fig. 23. 

      
        [image: thumbnail]
      

      
        Number of MAMBO proto-clusters and the sky-filling factor in a Δz (50%) redshift interval as a function of redshift and proto-cluster mass limit. The numbers are only shown for the sample with Mpc ≥ 1014 M⊙ as a dotted line. Solid lines show the fraction of the sky covered by the proto-clusters, and the dashed lines display the combined sky area of the proto-clusters. The thick lines with larger data points show the results for the core regions, while the thin lines show those for the region out to rpc. For the core regions of the Mpc ≥ 3 × 1014 M⊙ proto-clusters, the dashed and solid lines overlap.

      

    

  
    
      Fig. 24. 

      
        [image: thumbnail]
      

      
        Proto-clusters and their galaxies in a redshift slice around z = 2 as in Fig. 22 but with a higher mass limit of the proto-clusters of Mpc = 3 × 1014 M⊙. Symbols and colours have the same meaning as in Fig. 22.

      

    

  
    
      Fig. 25. 

      
        [image: thumbnail]
      

      
        Proto-clusters with Mpc ≥ 1014 M⊙ and their galaxies in a redshift slice around z = 3.5 with a redshift range according to the photometric redshift accuracy limits for 50% completeness. Symbols and colours have the same meaning as in Fig. 22.

      

    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        Mean profiles of the proto-clusters for the remaining three of the five structural categories defined in the text, where the categories are labelled in the panels.
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