
    
      Fig. 3. 
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        Measured angular cross-correlation between galaxies and X-ray event angular positions. It is estimated in angular space with Eq. (2). We fit the extension of the HOD model to these measurements. Differently colored lines represent different samples, identified here by the logarithm of their minimum stellar mass, in solar masses. The color scheme follows that of Fig. 1.

      

    

  
    
      Fig. 5. 
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        Comparison of the two cross-correlation estimators in physical units for the stellar mass selected galaxy samples. Differently colored lines represent different samples, identified here by the logarithm of their minimum stellar mass, in solar masses. The color scheme follows that of Fig. 1. The background subtracted surface brightness profiles in the 0.5–2 keV soft band as a function of proper separation (rp, kpc) is shown in steps ([image: equation], Eq. (3)). The cross-correlation between galaxies and X-ray events is shown with dashed lines ([image: equation], Eq. (2)). The brightness of the emission is correlated with the stellar mass threshold. The shape of the profiles changes with the stellar mass threshold. The individual best-fit models for these surface brightness profile are presented in Figs. 8, 9, and 10.

      

    

  
    
      Fig. 7. 
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        Inferred stellar-to-halo-mass relation for each sample observed. The stars are located at the median values. The distributions of the halo and stellar masses of the sample studied are shown with colored solid lines. There is a fair agreement with previous models Yang et al. (2005), Tinker (2021) and with the prediction from the TNG and SIMBA hydrodynamical simulations (Pillepich et al. 2018; Davé et al. 2019; Schaye et al. 2015).

      

    

  
    
      Fig. 10. 
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        Fig. 8 continued. Models of the soft X-ray surface brightness profiles for the stellar mass-selected sample with mass M* > 1.7 × 1011 M⊙ (left, 11.25) and M* > 3.1 × 1011 M⊙ (11.5, right). The deviations between the model and the data indicate either that the model needs more complexity to account for the data or that the estimator suffers from additional systematic uncertainties. These data sets will constitute an important benchmark for future models. The models indicate that the hot gas emission becomes dominant for these samples.

      

    

  
    
      Fig. 11. 
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        Comparison of the average point source emission components obtained for each sample as a function of the stellar mass. The horizontal solid line represents the mean and standard deviation of the stellar masses in the samples. The horizontal dashes show the extent of the selection. Different colored crosses represent different samples, identified here by the logarithm of their minimum stellar mass, in solar masses following the color scheme of Fig. 1. The inferred average point source luminosity increases with mean stellar mass from log10(M * /M⊙) = 10.6 until 11 and stalls, then decreases slightly. The point source luminosities in each sample are consistently more luminous than the predicted XRB luminosity for each sample using Aird et al. (2017). The predicted AGN luminosities from the Comparat et al. (2019) model for type 1 (orange crosses) and type 2 (green pluses) are lower than the observations for the thresholds 10, 10.25, 10.5, 10.75, but they then are higher for the thresholds 11, 11.25 and 11.5. The total predicted luminosity in point sources (red stars) with these models agrees with the observations only for three samples (10.25, 10.5, 10.75 selections) out of seven. These inferred quantities will be used as a benchmark to test upcoming AGN models in the large-scale structure, for example to test mechanisms of X-ray AGN suppression in high halo mass (e.g., Muñoz Rodríguez et al. 2024).

      

    

  
    
      Fig. 13. 
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        Top: Decomposition in fractions of the average hot gas model surface brightness profile (see Fig. 12) as a function of radius (separation in proper kpc) and halo mass (colorbar) for the samples with log10(M*/M⊙) > 10 (left column) and with log10(M*/M⊙) > 11 (right column). It shows the different origin of the average emission as a function of separation. The emission at large separation is clearly dominated by higher mass distinct halos. At small separations, smaller distinct halos also contribute to the average signal. Bottom: Scaling relation between mass and X-ray luminosity. The posterior on the scaling relation obtained from fitting the cross-correlation (mainly sensitive to its slope) is depicted by the blue shaded area. On the left (right) panel, the width of the contour corresponds to the uncertainty on the scaling relation slope: [image: equation] ([image: equation]). The shaded area overlaps with literature measurements shown with crosses and gray symbols (Lovisari et al. 2015, 2020; Mantz et al. 2016; Adami et al. 2018; Schellenberger & Reiprich 2017; Bulbul et al. 2019; Liu et al. 2022; Zhang et al. 2024b; Popesso et al. 2024b). Each galaxy sample is hosted by different populations of dark matter halos. The posterior normalized distribution (multiplied by 2 × 1040 so that it appears in the panel) of halo masses, obtained with the HOD model, hosting central (satellite) galaxies is shown at the bottom of the panel with a blue (orange) solid line. It shows that the constraint on the slope comes mostly from the central (satellite) galaxies at low (high) halo mass. Fitting for a complete sample (including satellite) gives stronger constraints than using central galaxies alone, that are hampered by small statistics at high mass. The integrated X-ray luminosity (one-halo central, see decomposition on the top row of panels) at a given halo mass contributes a fraction (fLX) to the average luminosity inferred (Table 4, last column) in the cross-correlation fit. This fraction is shown using the red-yellow color bar. On the bottom left panel, the color is limited to 10−5. The galaxies with halo masses smaller than 1011 M⊙ have almost no contribution to the average luminosity.

      

    

  
    
      Fig. 14. 
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        Comparison of components obtained for each sample: the two-halo term (top) and satellite hosts (bottom). Differently colored shaded areas represent different samples, identified here by the logarithm of their minimum stellar mass, in solar masses following the color scheme of Fig. 1. The evolution of the two-halo term (satellite) is linked to the evolution of the large-scale halo bias (mean halo mass hosting satellite galaxies), as shown in Table 3, column “b” ([image: equation]).

      

    

  
    
      Fig. 15. 
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        Stacked surface brightness profiles as a function of radius (proper kpc). The total emission (black lines, identical to that reported in colors in Fig. 5) is decomposed into the fractional contribution of the blue cloud (BC, blue), green valley (GV, green), and red sequence (RS, red) galaxies. The classification into these categories is detailed in Appendix D. This decomposition carries information about quenched fraction as a function host halo center and halo mass. It may constrain future models of the galaxy-gas-AGN-halo connection as a function of specific star formation rate and in dense environment (e.g., Nishizawa et al. 2018; Aung et al. 2023; Shreeram et al. 2025).

      

    

  
    
      Fig. 16. 
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        Illustration of the energy dependence of the galaxy-X-ray cross-correlation with the galaxy sample selected with stellar mass larger than 1011 M⊙ (see best-fit model of the broad band cross-correlation in Fig. 8 bottom right panel). Top: Ratio of the cross-correlations at a fixed set of separations (meaning different sources of emission) as a function of energy. We find that the spectral shape obtained depends on the separation. At small angular separations of 0.002 and 0.005 degree, 30–75 kpc, (blue and orange solid lines), where the point source emission dominates, the ratio to the broad band increases between 600 and 800 eV and decreases thereafter. At large separations (0.05 and 0.1 degree, 700–1400 kpc), where emission coming from satellite and the two-halo dominate (hot gas for large halos), the ratio increases until 1200 eV and decreases thereafter. At intermediate separation (0.01 and 0.02 degree, 150–300 kpc) where the emission comes from half half from the CGM and the satellites, the evolution with energy is in-between the two. Leveraging the energy dependence is key in future models to further ascertain the physical origin of the emitting components. Bottom: Same ratio between the cross-correlations in different energy bins as a function of angular separation.

      

    

  
    
      Fig. C.3. 
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        Ratio of the real space over redshift space correlation function for all selections. data from Uchuu in solid lines and fitted model in dashed lines. The model is used to correct observations that we fit until 1.6 (40 Mpc/h)

      

    

  
    
      Table D.1. 

      Red sequence g-z color as a function of redshift.

      
        


	redshift
	g-z color DECam





	0.05
	1.42



	0.1
	1.59



	0.15
	1.76



	0.2
	1.95



	0.25
	2.15



	0.3
	2.34



	0.35
	2.54



	0.4
	2.68



	0.23
	2.83



	0.5
	2.94



	0.55
	3.06



	0.6
	3.2





      

    

  
    
      Fig. D.2. 
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        Top: Diagonal relative uncertainties on the cross-correlation. Bottom: Correlation coefficient for the sample with log10(M*/M⊙) > 10.5.
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