
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Galaxy overdensity HPC1001 at z ≈ 3.7. Left: VISTA Ks image overlaid with SCUBA2 850 μm contours in 3–5σ levels. Galaxies at 3.5 < z < 3.9 are marked with red circles and labeled with photo-z. The dashed circle shows the virial radius of a dark matter halo MDM = 1013 M⊙. Right: HSC i and VISTA JKs color image for the core region, overlaid by ALMA 1.2 mm continuum contours in yellow (3–5σ). The ALMA beam (0.53″ × 0.44″, PA = −25.8°) is shown with a yellow ellipse in the bottom left. Candidate members are labeled with text in orange.

      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Optical and NIR SEDs from the COSMOS2020 catalog. Each SED was fit by both a galaxy template (red curve) and a QSO template (yellow curve). Lines on subpanels mark the Bayesian (red) and χ2 (blue) PDF(z) of the galaxy template fitting, respectively. The best fit photo-z estimates are also quoted in each panel.

      

    

  
    
      Table 1. 

      Physical properties of HPC1001.

      
        


	Name
	ID (a)
	zphot, NIR
	S1.2 mm
	log(M*/M⊙)
	SFRUV, cor
	SFRIR
	log(Mdust/M⊙)
	fgas



	
	
	
	[mJy]
	
	[M⊙ yr−1]
	[M⊙ yr−1]
	
	[Mgas/M*]





	HPC1001.a
	–
	3.7 (b)
	1.42 ± 0.06
	10.3[image: equation]
	–
	429 ± 20
	8.93[image: equation]
	4.3[image: equation]



	HPC1001.b
	54765
	3.56[image: equation]
	0.35 ± 0.06
	11.0[image: equation]
	110[image: equation]
	106 ± 20
	8.32 ± 0.08
	0.2 ± 0.1



	HPC1001.c
	54989
	3.67[image: equation]
	< 0.18
	9.8[image: equation]
	17[image: equation]
	< 59
	< 8.07
	< 1.9



	HPC1001.d
	55311
	3.54[image: equation]
	0.32 ± 0.06
	10.5[image: equation]
	64[image: equation]
	97 ± 20
	8.28 ± 0.09
	0.6 ± 0.2



	HPC1001.e
	55655
	3.67[image: equation]
	0.38 ± 0.06
	10.2[image: equation]
	50[image: equation]
	115 ± 20
	8.36 ± 0.09
	1.4 ± 0.5



	HPC1001.f
	55750
	3.86[image: equation]
	< 0.19
	10.2[image: equation]
	32[image: equation]
	< 61
	< 8.07
	< 0.7



	HPC1001.g
	56086
	3.68[image: equation]
	< 0.19
	9.5[image: equation]
	13[image: equation]
	< 61
	< 8.07
	< 3.7



	HPC1001.h
	880059 (c)
	3.79[image: equation]
	< 0.18
	10.0[image: equation]
	77[image: equation]
	< 59
	< 8.07
	< 0.9



	HPC1001.i
	32841
	3.56[image: equation]
	< 0.34
	10.2[image: equation]
	29[image: equation]
	< 106
	< 8.33
	< 1.3



	HPC1001.j
	74590
	3.79[image: equation]
	< 0.33
	10.6[image: equation]
	73[image: equation]
	< 126
	< 8.31
	< 0.5



	




	Total



	HPC1001
	–
	3.65 ± 0.1
	2.46 ± 0.05
	11.4 ± 0.2
	391[image: equation](d)
	743 ± 3
	9.17 ± 0.05
	–





      

      
Notes. S1.2 mm: ALMA 1.2 mm photometry. SFRUV, cor: UV-corrected SFR from the COSMOS catalogs.

(a) COSMOS2020 Farmer catalog ID.


(b) We adopted z = 3.7 from the weighted average of the group.


(c) This source is not in the COSMOS2020 catalog, and we list parameters from the COSMOS2015 catalog instead.


(d) We did not account for HPC1001.h due to its inconsistency between SFRUV, cor and SFRIR.




    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        FIR-to-radio properties of HPC1001. Left: multiband images of HPC1001. The instrument, wavelength, and field of view (FoV) are marked in green text. The blue box marks a 10″ × 10″ square. Right: integrated and individual FIR, millimeter, and radio SEDs, fitted at z = 3.7 by a starbursting template (Magdis et al. 2012) and a FIR-related radio component (Magnelli et al. 2013).

      

    

  
    
      Fig. 4. 

      
        [image: thumbnail]
      

      
        Physical properties of HPC1001. Left: dark matter halo mass for (proto)clusters and groups in literature and this work. Blue- and red-dashed lines show critical masses of the cold stream and shock from simulations in Dekel et al. (2013). Middle: SFR vs. stellar mass. The solid line with a shaded area indicate the star-forming main sequence (MS) at z = 3.7 and its 1σ scatter (Schreiber et al. 2015), respectively. Individual sources in HPC1001 are shown in green filled circles with their ID labeled with text. Right: dust to stellar mass ratio Mdust/M* as a function of stellar mass. Main sequence scaling relations are color-coded in redshift. Dashed and solid lines show main sequences from Kokorev et al. (2021) and Tacconi et al. (2020), respectively. The square and triangle show quiescent galaxy samples in literature. HPC1001.b shows comparably low fdust as quiescent galaxies at z ∼ 1.5 with respect to MS.

      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        Galaxy sky density of (proto)cluster cores in comoving area. Densities were measured in a 10″×10″ area with the maximum number of cluster members covered by the area, where we applied a stellar mass limit log(M*/M⊙) > 10.2 for optical-detected members and a flux limit S1mm > 0.3 mJy for 1 mm continuum detections, respectively. We show extreme cases in literature from Wang et al. (2016), Miller et al. (2018), Willis et al. (2020), and Daddi et al. (2021). We note that CL J1001 and DRC lack 1 mm observations; their 1 mm fluxes were derived by scaling their 870 μm and 2 mm continuum under assumption of a GN20 dust template (Magdis et al. 2012). HPC1001 is highlighted in green, showing the highest density at z > 3.

      

    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        SCUBA2 850μm S/N map. The rms is shown with text and the S/N is indicated by the color bar from 2.5 to 7σ. Green circles mark galaxies that have photo-z 3.3 < z < 4 and match SCUBA2 detections (S/N850> 3 and tolerance< 10″). HPC1001 is in an overdensity of submillimeter galaxies at a similar redshift.

      

    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Comparison of photo-z between the four versions in the COSMOS2020 catalog (Weaver et al. 2022) and the COSMOS2015 catalog (Laigle et al. 2016). The weighted averages are z = 3.65 ± 0.07 (FARMER LEPHARE), z = 3.68 ± 0.02 (FARMER EAZY), z = 3.63 ± 0.08 (CLASSIC LEPHARE), z = 3.62 ± 0.04 (Classic EAZY), and z = 3.72 ± 0.08 (COSMOS2015), respectively.
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