
    
      Fig. 3. 
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        Redshift evolution of the comoving Lyα luminosity density. The blue and orange lines show the results for recombination and collisional excitation emission for gas at densities below half the critical self-shielding density roughly corresponding to the IGM at an overdensity [image: equation] at z = 4.8 (see Sect. 2.2.2). The black line shows the total luminosity density for gas below this density threshold; all these follow from the simulation run with a box size of 40 h−1 cMpc and resolution of 2 × 10243 particles (see Sect. 2.4 for more details on the simulation). Observational measurements at low redshift (z < 3), as presented in Chiang et al. (2019), have been included as a reference. These consist of luminosity densities of just galaxies and the contribution of galaxies and AGN (shown as the grey and blue shaded areas, respectively) inferred by Chiang et al. (2019) from the intrinsic luminosity density presented in Wold et al. (2017); the measurement and upper limit from Chiang et al. (2019) are shown in red, and the upper limit from Croft et al. (2018) (converted to a luminosity density by Chiang et al. 2019) is shown in black (see text for details). Data points are shown as circles, upper limits as downward triangles. Also shown is the (1 + z)3 scaling relation for recombination emission discussed in the text.
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        Lyα SB of recombination (panel a) and collisional excitation (panel b) processes in a simulation snapshot at z = 4.8, for the gas at densities below half the critical self-shielding density in a narrowband with Δλobs = 8.75 Å, or ∼2.7 h−1 cMpc; the projections are made with pixel grid sizes of 1024 × 1024. These images show the entire (two-dimensional) spatial extent of the simulation, 40 × 40 h−2 cMpc2 (25.8 × 25.8 arcmin2). Panels c and d: same maps, but without a density cut-off.
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        Inferred noise in the MUSE HDFS observation as a function of observed wavelength or redshift for different pseudo-narrowband widths: Δλobs = 3.75 Å, Δλobs = 8.75 Å, Δλobs = 12.50 Å, and Δλobs = 17.50 Å. Skylines result in increased noise in some spectral ranges. The vertical dashed line indicates the position of Lyα at z = 4.8, which is located in a spectral window with lower noise. The throughput of MUSE is at its maximum of ∼40% at ∼ 7200 Å (e.g., Richard et al. 2019).

      

    

  
    
      Fig. 10. 
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        Mock observations for a MUSE-like wide-field IFU instrument on the ELT covering the same region as panel d in Fig. 8 at two different redshifts (z = 4.8 and z = 3.6 on the top and bottom row, respectively) with no limits imposed and no observational effects vs. with mirror and density limits and modelled noise and seeing applied (left and right column, respectively; see text for details). The smaller narrowband with Δλobs = 3.75 Å (i.e. ∼1.19 h−1 cMpc) has been used again. These images have a different dynamical range than all other figures to accentuate the observable Lyα signal. In panels b and d, a rebinning of 10 × 10 pixels (2 × 2 arcsec2) was applied, after which the image was smoothed on the same scale to recover the signal on larger scales. The white contours indicate measured 3σ and 5σ levels. The Lyα emission of IGM filaments can (marginally) be recovered in such an extremely deep observation and seems more feasible at low redshift when considering the robust lower limits (i.e. the mirror limit for recombinations and density threshold for collisional excitation; panel d); however, the predicted full intrinsic luminosity of filaments is notably higher at higher redshift (cf. panels a and c; see text for further discussion) but very dependent on the details of the modelling.

      

    

  
    
      Fig. A.1. 
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        Two-dimensional density histogram for each of 2048 pixels in spectra along 5000 (randomly selected) lines of sight at z = 4.8, as a function of the Lyα optical depth τ and overdensity [image: equation] in the sightline; the two parameters are measured at line centre, where the optical depth was divided by 2 just to account for the hydrogen between the source and the observer (see text).

      

    

  
    
      Fig. A.2. 
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        Simulated column density of neutral hydrogen, NHI, in a simulation snapshot at z = 4.8. The same regions as in Fig. 8 are shown. Moreover, the same density thresholds used for the collisional excitation component are applied, that is only gas below half the critical self-shielding density is shown, meaning this is the column density that would correspond to a narrowband image of the low-density gas with Δλobs = 3.75 Å (∼1.19 h−1 cMpc). Panel a: overview of part of the simulation snapshot that corresponds to region 1 in Fig. 4. This is centred on the same comoving coordinates both spatially and spectrally, but now less extended in wavelength range. This panel shows a region of 8 × 8 h−2 cMpc2 (5.2 × 5.2 arcmin2) on a pixel grid of 1024 × 1024. Panels b–d: column density maps of neutral hydrogen the size of the MUSE FOV consisting of 300 × 300 pixels. The areas covered by these maps are indicated by the black squares in the overview panel a. In the bottom left corner of each panel, two different measures of the overdensity of the region are shown (see Sect. 3.4 for more details). In panels b–d, halos with halo mass of Mh > 109.5 M⊙ are shown as circles, their size indicating their projected virial radius (see Sect. 3.4). The most massive halo in each panel is annotated.

      

    

  
    
      Fig. A.3. 
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        Lyα SB for a combination of recombination emission (of all gas in the simulation) below the mirror limit and collisional excitation of gas below half the critical self-shielding density at different redshifts. Both the mirror limit and the critical self-shielding density evolve as a function of redshift (see Fig. 1). The panels show snapshots at redshifts of z = 6.00, z = 5.58, z = 4.49, z = 4.00, z = 3.60, z = 3.20 for a narrowband with Δλobs = 3.75 Å; at z = 5.76; this corresponds to ∼1.19 h−1 cMpc, but this again changes with redshift. The panels all display a pixel grid of 300 × 300 and the angular size of the MUSE FOV (1 × 1 arcmin2), which translates to different physical sizes at each corresponding redshift. The regions are all centred at the same comoving transverse coordinates as panel d in Figs. 8 and 10; however, the narrowband centre (the coordinate along the line of sight) has been chosen to coincide with the most massive halo in each panel to ensure the entire filament is captured in each panel. The two numbers in the bottom left corner show the same two different measures of the overdensity of the region, Δbaryon and Δhalo (see Sect. 3.4.1 for more details). Halos with halo mass of Mh > 109.5 M⊙ are shown as circles, their size indicating their projected virial radius. The most massive halo in each panel is annotated. The scale varies between different panels since the angular size is kept constant across all redshifts.
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