
    
      Fig. 3. 
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        Visualisation of the quasar subtraction using the broad Hβ (left) and Hα (right) lines from DELS J0411–0907. This shows the spectrum in spaxel (23, 24), with the quasar peak located at spaxel (26, 24), in image coordinates. The orange spectrum is the original continuum-subtracted spectrum in the spaxel, containing line flux from both the quasar and host galaxy. The black line is the quasar model spectrum. The top panels show the choice that the quasar model spectrum is that of the central brightest quasar spaxel, which contains both narrow and broad emission – the N&B subtraction. The bottom panel shows the choice that the quasar model spectrum is the BLR component from our best-fit model to the quasar spectrum (Fig. 2) – the BLR subtraction. Using the broad spectral windows marked in grey, the quasar model (black) was scaled to fit the combined spectrum (orange). The purple spectrum shows the residual to that fit, which is the host spectrum.

      

    

  
    
      Fig. 5. 
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        Emission line regions surrounding DELS J0411–0907. Top: the [O III] λ5007 flux map for DELS J0411–0907 after N&B quasar subtraction, with three regions of interest marked. Bottom: the integrated spectrum for the three regions (coloured lines), along with our best fit model in black. The middle panel, for Region 2, also shows the integrated spectra from the BLR quasar subtraction, in cyan, with the best fit model in grey. This region is the host of the quasar (position marked as a cyan cross in the top panel), and so the residual spectrum in this region depends heavily on the type of quasar subtraction. For Regions 1 and 3 the spectrum for both subtraction methods look equivalent, and so the BLR-subtracted spectra are not shown. For Region 2, we exclude the central nine pixels surrounding the quasar peak, as these are highly corrupted by the quasar subtraction and introduce significant noise and artefacts. This means that we slightly underestimate the total flux in this region; however, the fluxes are significantly more reliable than if these nine most corrupted spaxels were included. In Region 1, the spectral lines can be described by a single narrow Gaussian (GN), whereas in Regions 2 and 3 there is also a broader component fit with a second Gaussian (GB); these separate components can be seen as the dashed black lines for the N&B quasar subtraction, and dotted grey lines for the BLR quasar subtraction.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Emission line regions surrounding VDES J0020–3653. Top: the [O III] λ5007 flux map for VDES J0020–3653 after N&B quasar subtraction, with four regions of interest marked. Bottom: the integrated spectrum for the four regions (coloured lines), along with our best fit model in black. The middle panel, for Region 2, also shows the integrated spectra from the BLR quasar subtraction, in cyan, with the best fit model in grey. This region is the host of the quasar (position marked as a cyan cross in the top panel), and so the residual spectrum in this region depends heavily on the type of quasar subtraction. We note that to account for the overlapping area between Regions 1 and 2, we assigned the flux in those spaxels to Region 1 only. For Region 2, we excluded the central nine pixels surrounding the quasar peak, as these are highly corrupted by the quasar subtraction and introduce significant noise and artefacts. This means that we slightly underestimate the total flux in this region, however the fluxes are significantly more reliable than if these nine most corrupted spaxels were included. In Regions 1, 3, and 4, the spectral lines can be described by a single narrow Gaussian (GN), whereas in Region 2 there is also a broader component which we fit with a second Gaussian (GB); these separate components can be seen as the dashed black lines for the N&B quasar subtraction, and dotted grey lines for the BLR quasar subtraction. We note that the emission around 3.8 μm in Regions 3 and 4 is likely an artefact in the cube. We did not see any significant detection of [N II] λλ6548, 6583.

      

    

  
    
      Table 6. 

      Properties of the quasar outflows as measured in Sect. 3.3, for DELS J0411–0907 and VDES J0020–3653.

      
        


	
	LHβ, GB
	L[OIII],GB
	vout
	Rout
	Mout, Hβ
	Mout, [OIII]
	Ṁout,Hβ
	Ṁout,[OIII]
	Pout, Hβ
	Pout, [OIII]



	
	

	
	
	

	

	




	
	(1043 erg s−1)
	(km s−1)
	(kpc)
	(107 M⊙)
	(M⊙ yr−1)
	(1043 erg s−1)





	DELS J0411–0907
	
[image: equation]
	13.5 ± 0.6
	1296 ± 31
	4.0 ± 0.4
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	1.9 ± 0.1



	VDES J0020–3653
	
[image: equation]
	
[image: equation]
	1749 ± 55
	3.3 ± 0.4
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	51 ± 9
	4.0 ± 0.3





      

      
Notes. The luminosities and velocities were taken from the Hβ and [O III] λ5007 GB components from the full integrated quasar spectrum (Fig. 2 and Table 1), while the outflow extent Rout was measured from the spatial distribution of [O III] λ5007 where w80 > 600 km s−1, in the BLR-subtracted cube.



    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Outflows of DELS J0411–0907 and VDES J0020–3653. Left: ionised gas outflow mass rate as a function of AGN luminosity, for the two quasars at z ∼ 6.8 presented in this paper, and for various other AGN at lower redshift (0 < z < 3; from Fiore et al. 2017). The solid line is a linear fit (in logarithmic scales) of the latter data. The ionised outflows of the two quasars at z ∼ 7 follow the same relation as quasars at lower redshifts. Right: kinetic power (PK) of the ionised outflows as a function of AGN luminosity (same symbols as in the left plot). The dashed lines show constant ratios of PK and LAGN as labelled. We note that the Fiore et al. (2017) galaxies have been shifted by log(5/2) for consistency with our density assumption of 500 cm−3, as they assume 200 cm−3.

      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        PSFs measured from the broad Hα and Hβ lines from DELS J0411–0907 (top) and VDES J0020–3653 (bottom), from the N&B quasar subtraction, as described in Section 2.3.3. These were created from the best fit quasar cube, which is the peak quasar spectrum scaled in flux to match the observed broad line flux in each spaxel. The relative intensity here depicts this scaling factor, which is the amount of flux in each spaxel relative to the brightest spaxel. We created two PSFs for each quasar, one from each of Hα and Hβ, as the PSF varies with wavelength.

      

    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Kinematic maps for DELS J0411–0907 (top) and VDES J0020–3653 (bottom), after the subtraction of the quasar emission using the BLR subtraction technique. The top panels show the flux of the narrow component of the [O III] λ5007, Hβ, and Hα lines (GN), as fit by a Gaussian. The [O III] λ4959 line is not shown as it was constrained to have an amplitude three times fainter than that of [O III] λ5007. The bottom left panel shows the flux of the broader GB component of the [O III] λ5007 line, a second Gaussian with a larger σ. The lower middle and right panels show our kinematic maps, showing the non-parametric central velocity of the line (v50; middle) and the line width (w80; right). As these are non-parametric, this combines both the GN and GB components. We describe our method for creating these maps in Section 2.3.4. The black ellipses in the lower middle panels depict the regions as in Figures 5 and 7.

      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        [O III] λ5007 flux maps for DELS J0411–0907 (left) and VDES J0020–3653 (right) using data cubes that have been produced with 0.05″/pix pixels, combined using the drizzle weighting, following the method described in detail in Perna et al. (2023). These maps were made using the original, non-continuum subtracted cubes. The stacked red, green, and blue images depict the integral of the flux across each of the specified wavelength or velocity windows, relative to the quasar redshift. The quasar peak location is marked as a black cross.
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