
    Table 2. 

Photometry of COSMOS-FRI 16, 31, and 70.




	Telescope/survey
	Band
	COSMOS-FRI 16
	COSMOS-FRI 31
	COSMOS-FRI 70



	(1)
	(2)
	(3)
	(4)
	(5)





	CFHT
	u*
	26.07 ± 0.12
	24.75 ± 0.08
	26.16 ± 0.14



	
	i*
	23.10 ± 0.14
	22.33 ± 0.08
	24.34 ± 0.58



	
	K
	20.50 ± 0.11
	20.32 ± 0.09
	21.40 ± 0.27



	




	Subaru
	BJ
	25.71 ± 0.12
	24.50 ± 0.06
	25.14 ± 0.09



	
	g+
	25.32 ± 0.11
	24.51 ± 0.05
	25.27 ± 0.14



	
	VJ
	24.84 ± 0.08
	23.94 ± 0.04
	24.79 ± 0.08



	
	r+
	24.23 ± 0.05
	23.42 ± 0.03
	24.51 ± 0.06



	
	i+
	23.15 ± 0.03
	22.33 ± 0.02
	24.35 ± 0.06



	
	z+
	22.16 ± 0.02
	21.61 ± 0.02
	24.01 ± 0.09



	




	HST/ACS
	F814W
	22.85 ± 0.10
	22.07 ± 0.07
	24.13 ± 0.43



	




	UKIRT
	J
	21.47 ± 0.08
	20.97 ± 0.08
	23.42 ± 0.50



	




	NOAO
	Ks
	20.40 ± 0.08
	20.12 ± 0.05
	21.76 ± 0.09



	




	GALEX
	FUV
	–
	–
	–



	
	NUV
	–
	25.15 ± 0.24
	–



	




	Spitzer
	IRAC1
	(44.29 ± 0.18) μJy
	(47.86 ± 0.16) μJy
	(17.58 ± 0.16) μJy



	
	IRAC2
	(32.54 ± 0.28) μJy
	(34.60 ± 0.25) μJy
	(20.57 ± 0.26) μJy



	
	IRAC3
	(26.19 ± 0.94) μJy
	(24.98 ± 0.81) μJy
	(29.83 ± 1.04) μJy



	
	IRAC4
	(18.39 ± 2.26) μJy
	(19.36 ± 1.78) μJy
	(21.32 ± 2.17) μJy



	
	MIPS (24 μm)
	(0.22 ± 0.02) mJy
	<0.15 mJy
	(0.13 ± 0.03) mJy



	
	MIPS (70 μm)
	<5.1 mJy
	<5.1 mJy
	<5.1 mJy



	
	MIPS (160 μm)
	<39 mJy
	<39 mJy
	<39 mJy



	




	WISE
	W1
	16.923 ± 0.114
	17.360 ± 0.162
	> 17.672



	
	W2
	16.711 ± 0.388
	16.924 ± 0.418
	> 18.324



	
	W3
	> 10.680
	> 16.955
	> 16.955



	
	W4
	>7.712
	>7.283
	>15.009






Notes. (1) Survey/telescope; (2) reference band; (3–5) photometric data associated with the sources, along with their uncertainties. Magnitudes from CFHT, Subaru, HST/ACS, UKIRT, NOAO, and GALEX are in AB system and from B13. Spitzer IRAC and MIPS (24 μm) fluxes are also from B13. We report the symbol “–” when the GALEX magnitudes are absent. WISE W1, W2, W3, and W4 magnitudes and magnitude lower limits are in the Vega system.




  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
SEDs and modeling for DES-RG (top panel) and COSMOS-FRI (bottom panel) sources in the sample. Data-points for DES-RG sources are from SDSS (red pentagons), DES (blue squares), UKIDSS (black stars), WISE (green triangles), and IRAS (yellow upper limits), while those for COSMOS-FRI galaxies are archival NIR-to-UV data from B13 (blue open diamonds). Spitzer-IRAC (open black dots), Spitzer-MIPS (pink open crosses and upper limits), and WISE (green open triangles and upper limits) data are also included for COSMOS-FRI galaxies. See text for further details. Dashed and solid lines show the best fit models for the stellar and dust components, respectively.



    

  
    Table 4. 

Molecular gas properties.




	Galaxy ID
	zspec

	CO(J → J–1)
	νobs

	SCO(J → J − 1)

	M(H2)
	τdep

	[image: equation]

	τdep, MS

	[image: equation]




	
	
	
	(GHz)
	(Jy km s−1)
	(1010 M⊙)
	(109 yr)
	
	(109 yr)
	



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





	DES-RG 399
	0.388439
	3→2
	249.054
	<1.5
	<1.0
	<0.48
	<0.11
	[image: equation]
	0.12 ± 0.11



	DES-RG 708
	0.60573
	3→2
	215.351
	<1.5
	<2.6
	<0.23
	<0.09
	[image: equation]
	0.13 ± 0.11



	COSMOS-FRI 16
	0.9687
	4→3
	234.185
	<5.5
	<18.8
	<7.2
	<1.5
	[image: equation]
	0.32 ± 0.22



	COSMOS-FRI 31
	0.9123
	4→3
	241.036
	<5.2
	<15.8
	—
	<1.8
	[image: equation]
	0.33 ± 0.24



	COSMOS-FRI 70
	2.625
	7→6
	222.525
	0.69 ± 0.31
	<6.6
	<0.27
	<0.29
	[image: equation]
	0.71 ± 0.28






Notes. (1) Galaxy name; (2) spectroscopic redshift as in Table 3; (3)–(4) CO(J → J–1) transition and observer frame frequency; (5) CO(J → J–1) velocity integrated flux; (6) molecular gas mass; (7) depletion time scale τdep = M(H2)/SFR24 μm; (8) molecular gas to stellar mass ratio; (9)–(10) depletion time scale and molecular gas to stellar mass ratio for main sequence field galaxies (Tacconi et al. 2018). Upper limits are reported at 3σ.




  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
PPM plots (left panel) and wavelet density maps (right panel) associated with COSMOS-FRI 16, 31, and 70. The color code is analogous to that of Fig. 4. We have used photometric redshifts from Laigle et al. (2016) for the fields of COSMOS-FRI 16 and 31, and from Ilbert et al. (2009) for the field of COSMOS-FRI 70.



    

  
    Table 5. 

Results of the SED modeling.




	Galaxy ID
	log(M⋆/M⊙)
	LFIR

	SFRSED

	SFR24 μm

	sSFR
	sSFRMS




	
	
	(L⊙)
	(M⊙/yr)
	(M⊙/yr)
	(Gyr−1)
	(Gyr−1)



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)





	DES-RG 399
	10.96
	<3.9e+11
	<68
	[image: equation]
	[image: equation]
	0.11



	DES-RG 708
	11.45
	<1.51e+12
	<263
	[image: equation]
	[image: equation]
	0.13



	COSMOS-FRI 16
	11.09
	<2.7e+11
	<48
	[image: equation]
	[image: equation]
	0.40



	COSMOS-FRI 31
	10.94
	<4.1e+11
	<72
	<42
	<0.48
	0.38



	COSMOS-FRI 70
	11.36
	<1.2e+13
	<2050
	[image: equation]
	[image: equation]
	1.30






Notes. (1) Galaxy name; (2) stellar mass; (3) FIR (8–1000) μm luminosity; (4) SFR estimated integrating the best fit SED model between (8–1000) μm in the rest frame; (5) SFR estimated from the available ∼24 μm (WISE W4 or Spitzer MIPS) flux and the Calzetti et al. (2007) relation, for COSMOS-FRI 31 the 2σ upper limit is reported; (6) specific SFR derived as sSFR = SFR24 μm/M⋆, where the uncertainties are obtained by propagating those of of SFR24 μm and those ∼0.3 dex of M⋆; (7) specific SFR from Speagle et al. (2014) for main sequence (MS) field galaxies of redshift and stellar mass equal to those of our targets.




  
    Table 6. 

Additional IRAM-30 m results for COSMOS-FRI 70.




	(1)
	Galaxy ID
	COSMOS-FRI 70





	(2)
	zCO(7 → 6)
	2.623 ± 0.001



	(3)
	FWHM
	(225 ± 123) km s−1



	(4)
	L′CO(7 → 6)
	(4.5 ± 2.0) × 109 K km s−1 pc2






Notes. (1) Galaxy ID; (2) spectroscopic redshift, (3) FWHM, and (4) velocity integrated luminosity inferred from the CO(7→6) line.




  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
Fractional offset from the star-forming MS as a function of the molecular gas depletion timescale (left panel) and molecular-gas-to-stellar-mass ratio (right panel); (proto-)cluster galaxies at 0.2 ≲ z ≲ 5 detected in CO are shown. In both panels the solid green curve shows the scaling relation for field galaxies found by Tacconi et al. (2018) for galaxies with log(M⋆/M⊙) = 11 and an effective radius equal to the mean value found by van der Wel et al. (2014) for star forming galaxies for given z and M⋆. The green dashed lines show the statistical 1σ uncertainties in the model. The dotted black lines are the same scaling relation as the solid green lines, but for different stellar masses log(M/M⋆) = 10.07 and 12, that represent the stellar mass range associated with the data points.



    

  
    Table 7. 

Properties of the megaparsec-scale overdensities around the radio sources.




	Galaxy ID
	zspec

	(RA)ov

	(Dec)ov

	θov

	zov

	Significance
	[image: equation]

	Nselected

	ℛPPM

	ℛw




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





	DES-RG 399
	0.388439
	40.58809994
	−0.5746418
	92.1″
	0.34 ± 0.06
	2.6σ
	0.2
	6 (1.3)
	100″
	175″



	
	
	
	
	486 kpc
	
	
	
	
	528 kpc
	923 kpc



	DES-RG 708
	0.60573
	41.34062917
	−0.54419315
	9.3″
	0.61 ± 0.05
	6.0σ
	0.2
	17 (2.3)
	150″
	125″



	
	
	
	
	62 kpc
	
	
	
	
	1007 kpc
	839 kpc



	COSMOS-FRI 16
	0.9687
	150.54213359
	2.27617522
	35.5″
	0.93 ± 0.06
	3.1σ
	0.2
	121 (93.0)
	100″
	107″



	
	
	
	
	282 kpc
	
	
	
	
	795 kpc
	850 kpc



	
	
	150.50776446
	2.25025075
	124.1″
	1.06 ± 0.06
	5.5σ
	0.2
	247 (198.9)
	145″
	155″



	
	
	
	
	986 kpc
	
	
	
	
	1152 kpc
	1232 kpc



	COSMOS-FRI 31
	0.9123
	149.63013031
	1.9426736
	102.6″
	0.96 ± 0.05
	2.3σ
	0.2
	34 (24.5)
	112″
	106″



	
	
	
	
	802 kpc
	
	
	
	
	876 kpc
	829 kpc



	COSMOS-FRI 70
	2.625
	150.64167779
	2.29597309
	82″
	2.65 ± 0.04
	2.8σ
	0.15
	7 (1.6)
	87″
	88″



	
	
	
	
	655 kpc
	
	
	
	
	694 kpc
	702 kpc






Notes. (1)–(2) Galaxy ID and spectroscopic redshift; (3)–(4) J2000 projected space coordinates of the overdensity peak as found by the wavelet transform; (5) projected separation between the coordinates in Cols. (3)–(4) and those of the radio source; overdensity redshift (6) and significance (7) as found by the PPM; photometric redshift bin (8) and number of sources (9) selected by the PPM to detect the overdensity, while between parentheses there is corresponding average number of sources in the survey within the same redshift bin and overdensity area; (10)–(11) radius of the overdensity as found by the PPM and by the wavelet transform. Columns (5),(10),(11) are reported in units of both arcseconds and kiloparsecs (physical).
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