
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        CO line velocity-integrated emission map (left) and spectrum (right) of cid_108. The solid contour levels in the left panels start at 2σ and increase linearly. The dashed contours indicate the [−3,−2]×σ level. The beam of each observation is shown by the gray ellipse in the bottom left corner of each map. CO maps and spectra of the rest of the AGN sample are available on Zenodo at the following link: https://doi.org/10.5281/zenodo.13149280

      

    

  
    
      Fig. 5. 
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        Corner plots of best-fit parameters for the log([image: equation] relation (see Sect. 5.1) for the full sample (top) and when removing AGN without a match in the control sample (bottom). Results of AGN host galaxies are shown in red, those of non-active galaxies in blue. The contours show the 1–4σ levels, from inner- to outermost, and increase linearly.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        CO luminosity vs. stellar mass bisector fits of AGN host galaxies (red circles) and non-active galaxies of the control sample (blue squares). The thick lines mark the bisector fits obtained by adopting a Bayesian framework (see main text). The dispersion of the fits is given by plotting 500 realizations of the bisector fits. The vertical axis on the right is derived by assuming αCO = 3.6 M⊙/(K km s−1 pc2) and serves for illustration purposes only since we only consider L′CO in our quantitative analysis (see Sect. 5.3).

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Comparison of molecular gas fraction against SFR of AGN (red) and non-active galaxies (blue) from observations and simulations. SUPER ALMA targets are shown as red circles, KASHz AGN as red pentagons, and observed non-active galaxies as blue squares. Blue downward triangles and red upward triangles show the median and 16th–84th percentiles of non-active galaxies and AGN in the simulations, respectively, grouped in SFR bins of 0.3 dex. Hexagons show the distribution of simulated AGN and are color-coded based on the mean stellar mass of the host galaxies in each bin. Observed molecular gas fractions are computed assuming αCO = 3.6 M⊙ (K km s−1 pc2)−1. Galaxies in the simulations are filtered to match the observed properties of the observed galaxies. The black arrow marks the downward shift for αCO = 0.8 M⊙ (K km s−1 pc2)−1.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Gas fraction distributions of AGN host galaxies (filled violin plots) and non-active galaxies (hatched violin plots) from cosmological simulations (EAGLE, TNG, and SIMBA in purple, red, and orange, respectively) and observations presented in this work (gray), scaled for αCO = 3.6 M⊙ (K km s−1 pc2)−1. The diamond markers give the mean value of each distribution. Gas fraction distributions from the observations correspond to the total gas fraction distributions built in Sect. 5.2. Galaxies in the simulations are filtered as in Fig. 9. The black arrow marks the leftward shift of observed distributions (black) for αCO = 0.8 M⊙ (K km s−1 pc2)−1.

      

    

  
    
      Fig. B.1. 
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        Comparison of SFR and stellar mass of AGN host galaxies (red circles) and non-active galaxies of the control sample (blue squares) for low-z bin (z = 1 − 1.8; Top) and high-z bin (z = 1.8 − 2.55; Bottom). Red circles are color-coded based on their AGN bolometric luminosity, as retrieved from SED fitting from this work or from the literature. The solid line marks the MS at the mean redshift of each bin from Schreiber et al. (2015) and dashed lines show its scatter (equal to 0.3 dex). The distribution of SFR (right) and M* (bottom) for AGN (red) and non-active galaxies (blue) in the side panels are intended for illustration purposes only, since the upper limits are considered at face value. A robust comparison of the distribution of SFR and M* applying the hierarchical method described in Sect. 5.2 is presented in Fig. B.2.

      

    

  
    
      Fig. B.2. 
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        Total posterior distributions of M* (left) and SFR (right) of AGN hosts (AGN sample 1, red) and non-active galaxies (blue). The comparison is carried out for low-z bin, high-z bin and full redshift range, from top to bottom.

      

    

  
    
      Fig. D.1. 
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        Observed-frame, best-fit SED models of lid_1639. Purple empty circles mark observed flux densities, purple empty triangles the observational upper limits and red filled circles indicate the best-fit model prediction. Yellow (blue dashed) lines are for the stellar (un)attenuated emisson; green lines for the nebular emission; red lines for dust emission; orange lines for the AGN component and black lines for the total, best-fit model. The SEDs of the rest of the AGN sample are available on Zenodo at the following link: https://doi.org/10.5281/zenodo.13149280.

      

    

  
    
      Table E.3. 

      Summary of results from the ALMA data analysis of KASHz AGN analyzed in this work

      
        


	name
	line
	z
	beamcube
	zCO
	Δv
	rmscube
	rmsmom0
	FWHM
	Iline
	log L′CO(1 − 0)
	beamcont
	rmscont
	Scont



	
	
	
	(arcsec2)
	
	( km s−1)
	(Jy/beam)
	(Jy/beam  km s−1)
	( km s−1)
	(Jy  km s−1)
	(K km s−1 pc2)
	(arcsec2)
	(μJy)
	(μJy)



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)
	(14)





	J1333+1649
	CO(3-2)
	2.089
	2.79×1.58
	2.102
	54
	0.267
	0.060
	281 ± 57
	0.281 ± 0.046
	10.07 ± 0.14
	–
	–
	−



	cdfs_258
	CO(2–1)
	1.540
	2.38×2.10
	1.540
	50
	0.214
	0.095
	300
	< 0.213
	< 10.00
	2.24 × 1.97
	21
	< 67





      

      
Notes. This table is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/. Channel width (Δv) is given in  km s−1, rmscube in units of Jy/beam and rmsmom0 in units of Jy/beam  km s−1, FWHM in units of  km s−1, CO flux in units of Jy  km s−1, continuum flux in units of μJy. Line ratios rj1 were retrieved from of Kirkpatrick et al. (2019), along with their uncertainties: r41 = 0.37 ± 0.11, r31 = 0.59 ± 0.18, r21 = 0.68 ± 0.17. a Native channel-width of the ALMA observation.



    

  
    
      Table E.4. 

      Summary of the photometric data used for the SED-fitting modeling described in Appendix D.

      
        


	Field
	λ range
	Reference
	Telescope/Instrument
	Bands





	CDF-S
	UV to NIR
	Merlin et al. (2021)
	CTIO-Blanco/Mosaic-Iwe
	U



	
	
	
	VLT/VIMOS
	U, B, R



	
	
	
	HST/ACS
	F435W, F606W, F775W, F814W, F850LP



	
	
	
	HST/WFC3
	F098M, F105W, F125W, F160W



	
	
	
	VLT/HAWK-we
	KS



	
	3 − 500 μm
	Shirley et al. (2021)
	Spitzer/IRAC
	3.6, 4.5, 5.8, 8.0 μm



	
	
	
	Spitzer/MIPS
	24 μm



	
	
	
	Herschel/PACS
	70, 100, 160 μm



	
	
	
	Herschel/SPIRE
	250, 350, 500 μm



	
	> 1000 μm
	Scholtz et al. (2018),
	ALMA
	Band 7 (800−1100 μm)



	
	
	González-López et al. (2020),
	
	Band 6 (1100–1400 μm)



	
	
	Aravena et al. (2020)
	
	Band 5 (1400–1800 μm)



	
	
	and this work
	
	Band 4 (1800–2400 μm)



	
	
	
	
	Band 3 (2600−3600 μm)



	




	COSMOS
	UV to MIR
	Weaver et al. (2022)
	CFHT/MegaCam
	u, u*



	
	
	
	HST/ACS
	F814W



	
	
	
	Subaru/HSC
	g, r, i, z, y



	
	
	
	Subaru/Suprime-Cam
	B, g+, V, r+, i+, z+, z++



	
	
	
	VISTA/VIRCAM
	Y, J, H, Ks



	
	
	
	Spitzer/IRAC
	3.6, 4.5, 5.8, 8.0 μm



	
	24 − 500 μm a
	Jin et al. (2018)
	Spitzer/MIPS
	24 μm



	
	
	
	Herschel/PACS
	70, 100, 160 μm



	
	
	
	Herschel/SPIRE
	250, 350, 500 μm



	
	> 1000 μm
	Scholtz et al. (2018),
	ALMA
	Band 7 (800−1100 μm)



	
	
	Circosta et al. (2021)
	
	Band 6 (1100–1400 μm)



	
	
	and this work
	
	Band 4 (1800–2400 μm)



	
	
	
	
	Band 3 (2600−3600 μm)



	




	X-UDS
	UV to FIR
	Shirley et al. (2021)
	CFHT/MegaCam
	u*



	
	
	
	Subaru/Suprime
	r



	
	
	
	Subaru/HSC
	g, i, z, y



	
	
	
	UKIDSS
	J, H, K



	
	
	
	VISTA/VIRCAM
	Ks



	
	
	
	Spitzer/IRAC
	3.6, 4.5, 5.8, 8.0 μm



	
	
	
	Spitzer/MIPS
	24 μm



	
	
	
	Herschel/PACS
	70, 100, 160 μm



	
	
	
	Herschel/SPIRE
	250, 350, 500 μm



	
	> 1000 μm
	Scholtz et al. (2018),
	ALMA
	Band 7 (800−1100 μm)



	
	
	and this work
	
	Band 6 (1100–1400 μm)



	
	
	
	
	Band 5 (1400–1800 μm)



	
	
	
	
	Band 4 (1800–2400 μm)



	
	
	
	
	Band 3 (2600−3600 μm)





      

      
Notes. a The 24 − 500 μm photometry of lid_1565 and cid_72 is collected from Lutz et al. (2011) and Hurley et al. (2017).
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