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        Luminosity dependence of the conditional ERDF. While our ERDF model given by Equation (15) is independent of halo and black hole properties, the conditional ERDF defined by Equation (17) varies as a function of the bolometric luminosity: higher luminosities are associated with larger Eddington ratios due to the lower number density of high-mass black holes. Shown are the conditional ERDFs for a set of luminosities at z = 0 and (C, θ, λc, ρ) = (40, 2, −2, 2).

      

    

  
    
      Fig. 5. 
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        Credible regions of modelled galaxy UV luminosity functions: Similar to Figure 4. Here, the white region on the bright side is the AGN feedback-dominated regime, while the area on the faint end is stellar feedback-dominated.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Credible regions of modelled quasar luminosity functions. The ERDF parameters (λc, ρ) are free at z = 0, but fixed to the z = 0 MAP estimates (λc, ρ)≈(−2.2, 1.4) for z > 0.

      

    

  
    
      Fig. 10. 
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        Probability density of black hole masses for log Lbol = 45.2 [erg s−1] at z = 0. The pink line shows the model median distribution with the 95% credible region, while the histogram shows the observational data on Type 1 AGN gathered from Baron & Ménard (2019). The grey vertical lines show where the Eddington ratio reaches 0.01 and 1, which marks the boundaries where we expect additional effects to play a role that are not included in the model. The grey dotted line is the expected distribution calculated from the MAP parameter estimates when invoking a hard cutoff outside of these boundaries. Doing so decreases the mismatch between the distribution means from 0.5 dex to 0.3 dex compared to the observational sample. The black lines mark the 95% credible region for the observational bins, based on the uncertainties in the black hole masses.

      

    

  
    
      Fig. 11. 
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        Parameter sample across redshift: A random sample of the model parameter drawn from the posterior distributions at every redshift. Increased colour saturation indicates a larger value for the probability density. (a) Stellar mass function parameter sample. The critical mass parameter Mc⋆ and AGN feedback parameter δ are weakly constrained at z > 2 and treated as nuisance parameters at higher redshift. (b) UV luminosity function parameter sample. The normalisation AUV is given in erg s−1 Hz−1 M⊙−1. (c) Type 1 active black hole mass function parameter sample. (d) Quasar luminosity function parameter sample. The normalisation C is given in erg s−1 M⊙−1.

      

    

  
    
      Fig. 12. 
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        Stellar mass – halo mass ratio across redshift. The SHMR is calculated to the parameter samples shown in Figure 11. The pink line shows the model median while the shaded areas represent the 95% credible regions. (a) Low redshift. (b) High redshift. The shown ranges in the figure coincide with the observed GSMFs. The high-mass slope is outside of the observed range

      

    

  
    
      Fig. 13. 
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        Redshift evolution of the integrated densities: Integrated number density function calculated for a sample of the model parameter drawn from the posterior. Increased colour saturation indicates a larger value for the probability density. Distributions in pink have been constrained by data, while green distributions are linearly extrapolated. For Figures 13a and b, observations collected by Bhatawdekar et al. (2018) are shown in grey. (a) Stellar mass density. (b) SFR density. (c) Type 1 active black hole mass density. (d) AGN bolometric luminosity density.

      

    

  
    
      Fig. 14. 
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        Evolution of the stellar mass density. Shown are samples of the stellar mass density predicted by the model, calculated by integrating the GSMF at every redshift (grey) and by integrating the model SFR density over cosmic time (pink).

      

    

  
    
      Fig. 15. 
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        Evolution of the black mass density. Shown are samples of the Type 1 AGN mass density predicted by the model, same as in Figure 13c (grey), as well as the estimated total black hole mass density calculated by integrating the model QLF over cosmic time (pink). Shown on the left are the observational estimates for the Type 1 AGN mass density (grey, Mullaney et al. 2012) and total black hole mass density (pink, Shankar et al. 2009) at z = 0.

      

    

  
    
      Fig. B.1. 
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        Influence of scatter on the stellar mass – UV luminosity relation. Shown are the conditional probability distributions of the galaxy stellar mass for a fixed UV magnitude ℳUV = −20 when including scatter in the stellar mass – halo mass and UV luminosity – halo mass relations, calculated using Equation (B.7) for a fixed set of model parameter. The grey line shows the probability distribution when assuming log M⋆ and log LUV are distributed according to a Gaussian distribution with σM⋆ = 0.05 and σLUV = 0.25. The pink line assumes a skew-normal distribution (a generalisation of the normal distribution that allows for non-zero skewness) for LUV with a skewness parameter α = −40. All distributions have a median given by Equation (2). The black vertical line shows the value of M⋆ calculated without assuming scatter. The scatter influences the location and shape of the distributions, the skewed case produces a distribution that more closely matches the observations shown in Figure 8.

      

    

  
    
      Table C.3. 

      Reference list for the SMBH property-related parameter.

      
        


	z
	log B
	η
	log C
	θ
	log λc
	ρ





	0
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	
	



	2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	
	



	3
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	
	



	4
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	
	



	5
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	
	



	6
	
	
	[image: equation]
	[image: equation]
	
	



	7
	
	
	[image: equation]
	[image: equation]
	
	





      

      
Notes. Same as Table C.2, but the SMBH parameter. The black hole mass function-related parameters (B, η are estimated up to z = 5. For the quasar luminosity function, the Eddington ratio-related parameters are fixed to the MAP estimator at z = 0.



    

  
    
      Fig. C.2. 
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        Extrapolated galaxy UV luminosity functions: Similar to Figure C.1. The orange data points correspond to the estimates obtained from the JWST early data release estimated by Harikane et al. (2023) and Donnan et al. (2023).

      

    

  
    
      Fig. C.5. 
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        Correlation plots for the different models atz = 0 : Correlations between different different parameters obtained from the MCMC chains at z = 0. For the stellar mass and UV luminosity, the parameter can be considered largely independent, the strongest (anti-) correlation can be found between γ and Mc. For the black hole models, there is a strong degeneracy between normalisation and power law slope.
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