
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        EXTENT-Extension Likelihood distribution of detections. The symbols are the same as in Fig. 2. The selection criteria for the Extension Likelihood and EXTENT listed in Eq. (2) are shown as the vertical and horizontal red lines.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Spatial distribution of galaxies surrounding the cluster “es_1” in a specific redshift layer corresponding to the three panels in Fig. 4, in sequence. Panel a: r-band image in log scale, overlaid with galaxies redshifts within ±0.015 around the four highest redshift bins (blue “x”, red “+”, brown diamond, and black box in sequence) in Fig. 4a, X-ray contour in green, location of previously identified clusters (referring to Sect. 3.5, magenta circle for ICM-detected cluster, blue circle for OPT/IR cluster, radius as the smaller value of 0.5 Mpc and 1.0′), the location of XVXGC cluster (red circle with a radius of “EXTENT” value), and the white box with the size of 5′ × 5′, the yellow box with the size of 3.0′ × 3.0′. Panel b: same as Fig. 5a, but for the photometric redshifts. Panel c: same as Fig. 5a, but overlaid only the location of member galaxies (blue “x” for spectroscopic redshift, red “+” for photometric redshift).

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Region selection and growth curve for the cluster “es_1”, as an example. Panel a: the reconstructed X-ray image in log scale, overlaid with the source regions (cyan sectors) and background regions (green sectors) for the growth curve analysis. The red circles outside the central cyan circle, and red dashed sectors are masks for contaminates. Panel b: growth curve plot, with the integrated count rate versus the radius shown in red (1 σ range in pink), where black dot-dashed and green dashed vertical lines label the R500 and the significant radius, and the horizontal dotted line for the count rate in the plateau. The black dashed curve is the best-fitting model for the growth curve, with the β = 0.683 for this source. The model with typical β = 2/3 is plotted in a cyan dotted curve as a comparison.

      

    

  
    
      Table 2 

      Median value of parameters.

      
        


	Par.
	Med. (XVXGC)
	Med. (class 1+2)
	Med. (class 3)





	z
	[image: equation]
	[image: equation]
	[image: equation]



	Nmem
	[image: equation]
	[image: equation]
	[image: equation]



	Rc [arcmin]
	[image: equation]
	[image: equation]
	[image: equation]



	Rsig [arcmin]
	[image: equation]
	[image: equation]
	[image: equation]



	R500 [arcmin]
	[image: equation]
	[image: equation]
	[image: equation]



	R500[Mpc]
	[image: equation]
	[image: equation]
	[image: equation]



	CRsig[/s]
	[image: equation]
	[image: equation]
	[image: equation]



	CR500[/s]
	[image: equation]
	[image: equation]
	[image: equation]



	F500 [erg/s/cm2]
	[image: equation]
	[image: equation]
	[image: equation]



	L500[erg/s]
	[image: equation]
	[image: equation]
	[image: equation]



	Tx[keV]
	[image: equation]
	[image: equation]
	[image: equation]



	M500[M⊙]
	[image: equation]
	[image: equation]
	[image: equation]



	β
	[image: equation]
	[image: equation]
	[image: equation]





      

      
Notes. Median values for the XVXGC sample, “class 1 + class 2” sample, and class 3 sample are shown in the three columns in sequence. The errors refer to 68% bootstrapped confidence interval for median value.




    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Distribution of radius estimations, Rsig , EXTENT, and R500. The significant radius, Rsig, is the radius when the growth curve turns into a plateau (Sect. 3.4.1). The EXTENT is the estimation of the core radius in the β-model using the maximum likelihood fitting (Sect. 3.1). The R500 value is the radius where the average density inside is 500 times the critical density (Sect. 3.4.2).

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Cumulative number of luminosity, mass, and flux, as well as the relation between luminosity and redshift. In the lower-left panel, the dashed line indicates the line with the slope of –1.5 and normalized at F500 = 4 × 10–14 erg/s/cm2. In the lower-right panel, the dashed and dotted curve corresponds to the F500 of 4 × 10–15 erg/s/cm2, and 4 × 10–14 erg/s/cm2, respectively.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Histogram of offset between XVXGC clusters and X-ray sources. The red solid histogram is for class 3 clusters and the green dotted histogram is for the “class 1 + class 2” clusters.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Parameter comparison for the “class 1+2” sample with and without central X-ray sources detected.

      

    

  
    
      Table 4 

      Parameters for relations in Fig. 14.

      
        


	Par.
	Fitting
	par.
	K–S test
	par.



	
	k
	b
	D
	p





	z
	[image: equation]
	[image: equation]
	0.056
	1.000



	z*
	[image: equation]
	[image: equation]
	0.058
	1.000



	R500
	[image: equation]
	[image: equation]
	0.419
	0.008



	[image: equation]
	[image: equation]
	[image: equation]
	0.467
	0.003



	L500
	[image: equation]
	[image: equation]
	0.219
	0.434



	M500
	[image: equation]
	[image: equation]
	0.333
	0.931



	F500
	[image: equation]
	[image: equation]
	0.571
	0.212





      

      
Notes. Fitting parameters and K–S test parameters of the parameters in this work and literature results. The second and third columns are the best-fitting parameters and corresponding 1σ errors for the best linear fitting. The last two columns list the K–S test statistic D and the p-value. The z* and [image: equation] rows show the fitting performance of the sample when a few outliers are discarded, as shown with the blue dotted line with cyan shade in Fig. 14.




    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Comparison of physical parameters in XVXGC catalog and other X-ray cluster catalogs. The grey dashed lines show a 1:1 relation. The best-fitting linear function is shown in a black line, with the 1σ error shown in the grey region. The parameter values of the best-fitting linear model and K-S test parameters are shown in Table 4. In the first panel, after removing two outliers at the lower-right part, a second best-fitting model is overlaid as the blue dotted line together with the cyan shade for its 1σ error. In the second panel, the second best-fitting model is also overlaid when the outlier at the upper-left part is removed.

      

    

  
    
      Table A.1 

      Overview of galaxy redshifts from literature and NED database.

      
        


	z
	Catalogs
	N(XMM-LSS)a
	N(W-CDF-S)a
	N(ES1)a
	Reference





	zsp
	–
	–
	29 888
	10 579
	Zou et al. (2021b)



	
	HELP
	113 192
	48 900
	17 784
	Shirley et al. (2021)



	
	SDSS DR17
	10 893
	–
	–
	Abdurro’uf et al. (2022)



	
	DESI
	13 642
	1 335
	187
	Zou et al. (2019)



	
	–
	42 985
	–
	–
	Chen et al. (2018)



	
	VIPER
	24 963
	–
	–
	Scodeggio et al. (2018)



	
	GAMA
	10 108
	–
	–
	Baldry et al. (2018)



	
	2MPZb
	167
	231
	70
	Bilicki et al. (2014)



	
	PRIMUS
	30 939
	17 089
	6954
	Coil et al. (2011)



	
	SXDF 100µJy
	315
	–
	–
	Simpson et al. (2006, 2012)



	
	VVDS
	8 472
	1 160
	–
	Le Fèvre et al. (2013)



	
	6dFGS
	139
	53
	79
	Jones et al. (2004)



	
	2dFGRS
	-
	1 215
	144
	Colless et al. (2001)



	
	NED
	3589
	2191
	437
	–



	Nsum(zsp)c
	–
	135 323
	55 401
	20 172
	–



	




	zph
	–
	–
	755 714
	806 695
	Zou et al. (2021b)



	
	HELP
	4703 183
	131 296
	928 889
	Shirley et al. (2021)



	
	SDSS DR17
	164 521
	–
	–
	Abdurro’uf et al. (2022)



	
	DESI
	212 720
	217 615
	146 496
	Zou et al. (2019)



	
	–
	347 915
	–
	–
	Chen et al. (2018)



	
	UDF
	–
	9 969
	–
	Rafelski et al. (2015)



	
	CFHTLS
	1 673 935
	–
	–
	Ilbert et al. (2006); Coupon et al. (2009)



	
	ISO
	–
	–
	147
	La Franca et al. (2004)



	
	NED
	25 700
	18 727
	7 966
	–



	Nsum(zph)c
	–
	7 116 131
	1 132 723
	1 888 701
	–





      

      
Notes. The catalog is sorted with the decreasing sequence of the publication year and the priority. The spectroscopic and photometric redshifts are listed in the first and second parts separately.


a The total number of galaxies in the region is counted in the survey coverage, as shown in Eq. (3).


b Only spectroscopic redshifts are used from the 2MPZ catalog.


c The total number of galaxies after the removal of repetitive detections following the criteria as in Sect. (3.2).




    

  
    
      Table A.2 

      Overview of previously identified clusters and X-ray sources.

      
        


	Catalogs
	Number
	N(XMM-LSS)*
	N(W-CDF-S)*
	N(ES1)*
	Survey
	Reference





	X-ray cluster
	12 247
	–
	26
	4
	eROSITA
	Bulbul et al. 2024



	
	2 221
	1
	4
	1
	-
	Sadibekova et al. 2024



	
	8 449
	5
	2
	2
	ROSAT
	Klein et al. 2023



	
	1 559
	34
	8
	6
	
	Koulouridis et al. 2021



	
	10 382
	11
	-
	-
	ROSAT
	Finoguenov et al. 2020



	
	2959
	10
	2
	2
	ROSAT
	Klein et al. 2019



	
	302
	92
	-
	-
	-
	Pacaud et al. 2016; Adami et al. 2018



	
	1 490
	5
	-
	1
	-
	Wen et al. 2018



	
	46
	-
	46
	-
	XMM-Newton, Chandra
	Finoguenov et al. 2015



	
	503
	32
	-
	5
	XMM-Newton
	Mehrtens et al. 2012



	
	422
	14
	1
	3
	XMM-Newton XXL
	Clerc et al. 2012



	
	1 743
	1
	4
	-
	ROSAT
	Piffaretti et al. 2011



	
	57
	57
	-
	-
	XMM-Newton XXL
	Finoguenov et al. 2010



	
	242
	-
	4
	-
	
	Burenin et al. 2007



	
	-
	84
	22
	1
	NED
	-



	Nsum
	-
	346
	119
	25
	-
	-



	




	SZ cluster
	4195
	10
	1
	6
	ACT
	Hilton et al. 2021



	
	470
	-
	4
	-
	SPT
	Bleem et al. 2020



	
	2 323
	1
	-
	2
	Planck, RASS
	Tarrío et al. 2019



	
	225
	-
	-
	2
	Planck, RASS
	Tarrío et al. 2018



	
	182
	8
	-
	-
	ACT
	Hilton et al. 2018



	
	1 653
	1
	-
	1
	Planck
	Planck Collaboration XXVII 2016



	
	1 227
	1
	-
	1
	Planck
	Planck Collaboration XXIX 2014; Planck Collaboration XXXII 2015



	
	677
	-
	-
	4
	SPT
	Bleem et al. 2015



	
	-
	1
	-
	4
	NED
	-



	Nsum
	-
	22
	5
	20
	-
	-



	




	OPT/IR cluster
	189
	65
	65
	50
	S pitzer
	Gully et al. 2024



	
	6 729
	10
	17
	40
	DES
	McClintock et al. (2019)



	
	1 921
	135
	-
	-
	HSC
	Oguri et al. 2018



	
	19
	-
	19
	-
	MUSYC, ACES
	Dehghan & Johnston-Hollitt 2014



	
	71 743
	76
	-
	-
	SDSS
	Oguri 2014



	
	26 898
	56
	18
	14
	SDSS
	Rykoff et al. 2016



	
	25 325
	36
	-
	-
	SDSS
	Rykoff et al. 2014



	
	47 600
	28
	31
	25
	2MASS, WISE, SuperCOSMOS
	Wen et al. 2018



	
	25 419
	25
	-
	-
	SDSS
	Wen & Han 2015



	
	2 092
	4
	-
	-
	SDSS
	Wen & Han 2013



	
	132 684
	150
	-
	-
	SDSS
	Wen et al. 2009, 2012



	
	13 340
	2
	2
	2
	-
	Abell 1958; Abell et al. 1989



	
	-
	577
	94
	21
	NED
	-



	Nsum
	-
	1 164
	246
	152
	-
	-



	




	X-ray source
	6683
	-
	4053
	2630
	XMM-Newton
	Ni et al. 2021



	
	5 242
	5 242
	-
	-
	XMM-Newton
	Chen et al. 2018



	
	5 572
	5 162
	-
	-
	XMM-Newton
	Chiappetti et al. 2013



	Nsum
	-
	10 404
	4053
	2630
	-
	-





      

      
Notes. Identified clusters from literature and NED database are listed in first three parts, and X-ray sources identified with XMM-Newton data are shown in the last part. The number of sources in the region is counted within the survey coverage, as shown in Eq. 3.




    

  
    
      Table B.1 

      First two entries in the XVXGC catalog as an example.

      
        


	Name
	RAJ2000
	DEJ2000
	class
	Nmem
	z
	z_err
	z_src
	EXT_ML
	EXTENT
	Rsig
	CRsig
	CRsig_err



	-
	[deg]
	[deg]
	-
	-
	-
	-
	-
	-
	[arcmin]
	[arcmin]
	[/s]
	[/s]



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)





	es_1
	8.618
	-43.316
	3
	65
	0.3945
	0.0076
	zsp1
	11951.611
	0.526
	3.307
	0.082
	0.001



	es_2
	8.801
	-43.170
	1
	14
	0.1728
	0.0063
	zsp1
	24.410
	0.112
	2.555
	0.008
	0.001





        


	Name
	R500
	R500
	R500_err
	CR500
	CR500_err
	F500
	F500_err
	L500
	L500_err
	Tx
	Tx_err



	
	[arcmin]
	[Mpc]
	[Mpc]
	[/s]
	[/s]
	[erg/s/cm2]
	[erg/s/cm2]
	[erg/s]
	[erg/s]
	[keV]
	[keV]



	(1)
	(14)
	(15)
	(16)
	(17)
	(18)
	(19)
	(20)
	(21)
	(22)
	(23)
	(24)





	es_1
	2.415
	0.796
	0.009
	0.079
	0.001
	1.321E-13
	1.566E-15
	7.680E43
	9.103E41
	3.839
	0.051



	es_2
	2.187
	0.398
	0.037
	0.007
	0.001
	1.476E-14
	1.366E-15
	1.308E42
	1.211E41
	0.839
	0.087





        


	Name
	M500
	M500_err
	β
	β_err1
	β_err2
	Rc
	Rc_err1
	Rc_err2
	Comment



	-
	[M⊙]
	[M⊙]
	-
	-
	-
	[arcmin]
	[arcmin]
	[arcmin]
	-



	(1)
	(25)
	(26)
	(27)
	(28)
	(29)
	(30)
	(31)
	(32)
	(33)





	es_1
	2.058E14
	7.319E12
	0.683
	0.004
	0.004
	0.663
	0.007
	0.007
	-



	es_2
	2.000E13
	5.554E12
	0.374
	0.004
	0.005
	0.075
	0.014
	0.016
	-





      

      
Notes. Here, “err" refers to the 1σ error, while “err1" and “err2" refer to the lower error and upper error in case of the asymmetric error. The F500 is estimated in the band of [0.5 – 2.0] keV, and L500 in the rest-frame [0.5-2.0] keV. COLUMN 8 is the redshift source, as described in Sect. 3.2.
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