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      Fig. 11. 
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        Top: effect of cosmic variance based purely on the survey size. We show the results of the molecular gas mass density variation derived from the SIDES simulation (Béthermin et al. 2022; Gkogkou et al. 2022), publicly available for J = 2 at redshifts z = 0.5–6. The solid blue line indicates the median value of ρH2, and the dark and light areas represent the 1σ and 2σ variation due to the cosmic variance. We plot the area covered by ALMACAL-22 along with other CO surveys that have measured the molecular gas mass density. Overall, ALMACAL-22 is the survey less affected by cosmic variance to date. Bottom: cosmic variance estimation of ALMACAL-22 survey in purple, based on Driver & Robotham 2010 (D&R+10), for different CO transitions (Table 1). We also plot the variance derived from the formula presented by Keenan et al. (2020) (K+20), which agrees with the previous prescription. The figure shows estimates from ASPECS (Decarli et al. 2019, 2020), PHIBSS (Lenkić et al. 2020), COLDz GOODS and COSMOS (Pavesi et al. 2018; Riechers et al. 2019), previously reported in Lenkić et al. (2020). For every CO transition, ALMACAL-22 has the lowest effect of field-to-field variance (≲5%).

      

    

  
    
      Fig. 10. 
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        Top: evolution of the molecular gas mass density obtained from ALMACAL-22 (purple) in comparison with predictions from simulations. We include the results from Illustris TNG (Popping et al. 2019b), EAGLE (Lagos et al. 2015), SHARK-2 (Lagos et al. 2018), UniverseMachine (Guo et al. 2023), and COLDSim (Maio et al. 2022). Bottom: we compiled several measurements from previous CO surveys, as is shown by the grey points, including ALMACAL-22 (see text). We present a new fit of the functional form used in Walter et al. 2020, including the ALMACAL-22 estimate, shown by the purple line, with the 1σ uncertainty shown by the shaded region. For reference, we add the estimates of ρH2 at the highest redshift measured up to date by the REBELS survey as the dark red point (Aravena et al. 2024), which is in excellent agreement with the extrapolation of our fit.
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        CO LF in different redshift bins, from z = 0 to z = 6, as is indicated at the top right of each panel. The measurements from ALMACAL-22 are shown in purple, including the uncertainty of each bin given by the extension of the boxes. We derived the CO LF based on the CO(1–0) luminosity, calculated as is explained in Sect. 4.2. For comparison, we include observational constraints found by previous surveys at similar redshift ranges: ASPECS (Decarli et al. 2019, 2020), PHIBSS2 (Lenkić et al. 2023), COLDz (Riechers et al. 2019), HDFN (Boogaard et al. 2023). In some cases, the estimates from these surveys were derived from different CO transitions, here we converted the luminosities [image: equation] consistently to our methodology. The CO LF derived from the ALMACAL survey aligns well with findings from other surveys, while probing a wider redshift range.

      

    

  
    
      Fig. A.1. 
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        ALMACAL-22 emission lines detections. Left panel: Spectrum of the emission lines at the brightest pixel. Right panel: The emission line moment map centred on the detection range. The parameters of all candidates are summarised in Table A.1.

      

    

  