
    
      Fig. 3. 
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        History of the SFR of HIRRAH-21 and LORRAH-21. As a reference, observational data from Bouwens et al. (2016), Oesch et al. (2018), McLeod et al. (2016) are included. The SFRD of a 10243 particles simulation is also plotted, and is consistent with that of a LORRAH-21 simulation using a Mmin parameter set at the value of the smallest resolved halos in the 10243 simulation.

      

    

  
    
      Fig. 5. 
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        Global 21 cm signal in HIRRAH-21 and LORRAH-21, the latter calculated using either the phase-averaged temperature ⟨T⟩ of particles or the temperature of their neutral phase THI. This shows that properly taking into account the temperature of the neutral phase is critical in order to correctly model the 21 cm signal in low-resolution numerical simulations.

      

    

  
    
      Fig. 7. 
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        Thomson optical depth of the LORELI signals. The ionization histories of the simulations confine the optical depths to within 1σ of Planck’s 2015 measurement (dotted: central value, shaded region: 1σ). As in 21SSD (Semelin et al. 2017), the second ionization of He is assumed to occur at z = 3.

      

    

  
    
      Fig. 10. 
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        Power spectra of the LORELI simulations at k = 0.1 h/cMpc as a function of z. These are compared to recent upper limits of various instruments (Patil et al. 2017; Mertens et al. 2020; Trott et al. 2020; Abdurashidova et al. 2023) as well as theoretical thermal noise power of 1000 h observations with NenuFAR and LOFAR.

      

    

  
    
      Fig. 11. 
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        Power spectra of LORELI models as a function of k at redshifts of 9, 11, and 14, from top to bottom. The value of the SKA thermal noise (1000 h of observation) is plotted to demonstrate that the LORELI signals should be detectable by the instrument.

      

    

  
    
      Fig. 12. 
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        Diagnostics of the performance of the emulator. Top left: At each k, z, median across the dataset of the emulator error-to-thermal-noise ratio. Top right: At each k, z, median across the dataset of the emulator error-to-cosmic-variance ratio. The error increases with cosmic variance, as the deterministic network cannot replicate the noise induced by cosmic variance. Bottom left: 100x mean squared relative error across the dataset between the emulator prediction and the training sample. Bottom right: Loss at each k, z. Faint signal at high z causes low loss but high relative error. Cosmic variance causes high loss and relative error at low k. Additionally, we checked that the mean square relative error exhibits no systematic trend depending on the values of the astrophysical parameters.

      

    

  
    
      Fig. 13. 
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        Randomly selected examples of true (top) and emulated (bottom) LORELI signals qualitatively showing the resemblance between emulated and simulated spectra.

      

    

  
    
      Fig. 14. 
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        Results of multiple inferences done using several versions of LOREMU, trained with different weight initializations (dashed). On the 2D panels, only the 1σ contours are shown for clarity. The blue dotted lines are the posteriors obtained using each emulator. The thick red line shows the posterior obtained using the average emulator on the noised signal, while the inference on the noiseless signal is shown in black.

      

    

  
    
      Fig. 15. 
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        Results of inference on HERA data using LOREMU. On the 1D panels, the priors are in red and the posteriors in blue. Contours represent 68% and 95% levels of confidence.
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