
    
      Fig. 3. 
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        Passive scalar used to follow the super-Eddington jet outflows at t = 210 Myr for the ‘sEdd’ simulation.

      

    

  
    
      Fig. 5. 
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        1 × 1 × 1 kpc edge-on (top) and face-on (bottom) projections of the galaxy at the centre of the DM halo at t = 160 Myr. The first column shows the gas density, the second column shows the gas temperature and the third column shows the stellar mass.

      

    

  
    
      Fig. 7. 
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        Evolution of the normalized accretion rate ṁ ≡ Ṁacc/ṀEdd for the isolated 1011 M⊙ halo, assuming that a MBH = 106 M⊙ were present. The BHL and floor accretion rates are shown in blue and green respectively and the Eddington limit by the dotted line at 1. There is enough mass available for accretion thanks to the high density present in the central region at the start, which allows for both the BHL and floor accretion rates to be above the limit.

      

    

  
    
      Fig. 10. 
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        Evolution of the BH mass for the ‘EddLim’ (dotted blue), ‘sEdd’ (solid orange), ‘sEddThm’ (densely dash-dotted violet) and ‘sEddNF’ simulations (dash-dotted green). Both ‘sEdd’ and ‘sEddThm’ simulations start at 206.4 Myr (colored filled semi-circles). In dashed red is also added the expected evolution of a 106 M⊙ BH if it accreted constantly at the Eddington limit. It is clear that super-Eddington accretion, coupled with feedback does not help the BH to grow. We note that without jets (i.e. ‘sEddThm’ run), BHs with super-Eddington accretion are less affected by their feedback and are able to grow above the limit for at least 60 Myr. In fact, the BH reaches a higher mass than the one in ‘EddLim’ (see Sect. 4.2 for more details).

      

    

  
    
      Fig. 11. 
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        Fraction of time spent by the BHs above a given AGN energy injection rate Ė for the ‘EddLim’ (dotted blue), ‘sEdd’ (solid orange) and ‘sEddThm’ (densely dash-dotted violet) simulations. A red patch ṀEdd shows the AGN feedback range (∼1043 − 1044 erg s−1) of a BH between MBH = 106 − 107 M⊙ at the Eddington limit. The ‘EddLim’ simulation has a BH constantly accreting at the limit, thanks to the ineffectiveness of the feedback. The ‘sEdd’ case has stronger feedback events but this results in many low luminosities feedback episodes. This regime therefore reduces the overall required AGN feedback to self-regulate the BH growth. The ‘sEddThm’ simulation is discussed in Sect. 4.2.

      

    

  
    
      Fig. 12. 
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        Evolution of the AGN Eddington fraction fEdd for the ‘EddLim’ (dotted blue) and the ‘sEdd’ (solid orange) simulations over 8 Myr. Powerful and instantaneous super-Eddington episodes lead to sharp drops in fEdd, reducing the AGN feedback energy injected overall. Solid and dashed horizontal lines indicate fEdd = 1 and 0.01 respectively, that mark the separations between the different modes of accretion: super-Eddington, quasar, and radio modes (from high to low rates).

      

    

  
    
      Fig. 13. 
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        Comparison between the energy deposition rate Ė from the ‘sEdd’ (solid orange) and ‘sEddThm’ (densely dash-dotted violet) simulations, over a succession of typical super-Eddington episodes. The events deposit the same amount of energy, though in different ways, but the ‘sEddThm’ case seems to be more frequently in a super-Eddington regime. In addition, the drops post super-Eddington events do not fall to luminosities below 1040 erg s−1.

      

    

  
    
      Fig. 14. 
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        Fractional values of the total mass gained (left) and fraction of time spent (right) by the BH in the ‘sEdd’ (filled orange) and ‘sEddThm’ (hashed violet) runs in fEdd bins, mirroring the three accretion/feedback regimes. Despite not spending much time in the super-Eddington regime, this mode (fEdd > 1) still contributes significantly to increasing the mass of the BH, and dominates the mass growth in the ‘sEddThm’ case.

      

    

  
    
      Fig. 15. 
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        Evolution of the average temperature (top) and density (bottom) around the BH in the accretion region for the ‘sEdd’ (solid orange) and ‘sEddThm’ (densely dash-dotted violet) simulations. The red triangles/squares correspond to the snapshots shown in Fig. 16 for the ‘sEdd’ and ‘sEddThm’ simulations respectively. As soon as strong super-Eddington events occur, a peak in temperature and a drop in gas density are observed. When kinetic feedback is involved, outflows are created by the momentum carried by the jet. But thanks to the rapid gas infall and refilling of the accretion region, the BH is able to go back in a super-Eddington phase within ≤1 Myr.

      

    

  
    
      Fig. 16. 
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        0.5 × 0.5 × 0.5 kpc edge-on slice maps centered on the BH (red cross) of the ‘sEdd’ (top) and ‘sEddThm’ (bottom) simulations. Each panel is split in half, with gas temperature (left) and density (right). The thermal-only super-Eddington feedback creates a “bubble” unable to push any gas to larger scale, in opposition to the kinetic feedback, strong enough to escape the vicinity of the BH.

      

    

  
    
      Fig. 20. 
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        Evolution of the BH mass for the ‘LR’ (solid blue), ‘sEdd’ (solid orange) and ‘HR’ (solid green) simulations. Self-regulation is reached in the three cases in very similar fashion.
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