

    


    
      Fig. 13. 
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        Distribution of fLyα, full FOV/ΣfLyα, tile fit for our HzRGs. The fLyα, full FOV is the intrinsic Lyα flux resulted from fitting the spectrum summed over the entire FOV. The ΣfLyα, tile fit is the summation of the intrinsic Lyα flux in each tessellation bin (Fig. 1b). The smaller the value, the more likely the Lyα photon is being double-counted when correcting for absorption. 4C+04.11 is the one with the smallest ratio which may also indicate over-correction (Appendix B).

      

    

  
    
      Fig. A.2. 
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        Smoothed nebula image (a) and tessellation map (b) of MRC0943-242. (a) The purple, yellow and blue colours represent median pseudo-narrow band Lyα images collapsed arbitrarily from red part, middle and blue part, respectively, of the smoothed cubes.

      

    

  
    
      Fig. 10. 
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        Radial profiles of the surface brightness Fourier decomposition (asymmetry measurement). The c0, c1 and c2 are the 0th, 1st and 2nd modes Fourier decomposition coefficients of the surface brightness radial profile, respectively (see den Brok et al. 2020, for definition). The (c1/c0)2 + (c2/c0)2 is a measurement of nebula asymmetry along the radial distance from the AGN. Our HzRGs are shown in solid colour lines. rAGN is the radial distance measured from the central AGN. For comparison, we include the same measurements for the 4 nebulae of type-2 quasars from den Brok et al. (2020; grey dashed lines) and the type-2 from Sanderson et al. (2021; grey dot-dashed line). We also include the type-1 measurements from Borisova et al. (2016; dotted line represents the median and shaded region marks the 25th and 75th percentile, quantified by den Brok et al. 2020). The vertical shaded region is the 0.75 arcsec (∼25 ckpc) range affected by median seeing of our sample (the radial distance where the type-1 PSF is affected is ∼50 ckpc, see den Brok et al. 2020). The morphologies for most of the HzRGs nebulae are round (symmetric) ≲100 ckpc and become asymmetric at larger radial distances ∼100 ckpc (see text).
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        Relation between Lyα nebula luminosity and asymmetry measurement. (a) Flux-weighted Lyα nebula elliptical asymmetry measurement versus nebula luminosity, LLyα. We show the intrinsic flux-weighted ellipticity (eweight) in larger open symbols for our targets versus their intrinsic Lyα luminosity. We also show the observed flux-weighted ellipticity eweight, obs for our targets versus their observed Lyα luminosity in smaller filler symbols. The small grey symbols are data of comparison targets (AB19 – Arrigoni Battaia et al. 2019, C19 – Cai et al. 2019 and L22 – Lau et al. 2022). We mark the median flux-weighted (not corrected for absorption) ellipticity, 0.72, of type-1s with the horizontal dashed line. We also show the median eweight, 0.69, of radio-loud type-1 quasars from Arrigoni Battaia et al. (2019) in red horizontal dash-dotted line. (b) Flux-unweighted Lyα nebula elliptical asymmetry measurement versus LLyα. The larger symbol are measurements for our HzRGs while the grey symbols are comparison targets (type-1s: B16 – Borisova et al. 2016, L22 – Lau et al. 2022 and M21 – Mackenzie et al. 2021; type-2s: dB20 – den Brok et al. 2020 and S21 – Sanderson et al. 2021). We mark the median eunweight for type-1s (0.69) and type-2s (0.80) in solid and dashed horizontal lines, separately. The eweight is sensitive to the morphology of the high surface brightness part of the nebula while the eunweight quantifies the morphology of the whole nebula. We note that for e → 0, the nebula is closer to round shape and vice versa. At the bottom right, we show the median uncertainty of the intrinsic LLyα for our sample in logarithmic scale, 0.04. The ellipticity for our sample are higher compared to the other quasars for both high surface brightness part and whole nebula. There is no clear evidence that the nebula ellipticity correlates with luminosity.
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        Surface brightness radial profiles for approaching (blue squares) and receding (red circles) directions along the jet axis. The dotted curves in corresponding colours show the exponential+power law fits for the two directional profiles. We also include the fits for the circularly averaged profile in solid magenta lines. In each panel, the magenta shaded region mark again the same uncertainty range for the intrinsic surface brightness profile as Fig. 5. The solid green curve is the normalised radial profile of a star extracted up to 2″ (the one in the FoV of MRC0316-257 is extracted from a round galaxy due to no available star) showing the PSF (Table 1). The vertical dashed lines indicate the distances of the jet hot spots in corresponding colours. The profile along the receding side of the jet is brighter than along approaching side for most sources within the extent of the jets except 4C+03.24 and 4C+04.11. This may indicate different gas density distribution (see Sect. 4.2.2). We also identify flatting of the profile at ≳100 ckpc for MRC0943-242, MRC0316-257 and TNJ1338-1942 which may related to nearby companions (see Sect. 5.4).

      

    

  
    
      Fig. C.4. 
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        Similar to Fig. 2−4, but for TNJ1338-1942.

      

    

  
    
      Fig. D.1. 
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        Circular apertures for radial profile (Sect. 4.2.1) extraction on top of intrinsic surface brightness maps (Fig. 1a) of the HzRGs sample. In each panel, the blue concentric annuli show the apertures where the radial profile is extracted. The annuli are centred around the host galaxy (central AGN) position (Table 2). The radii of the annuli in each panel are the same in the unit of arcsec for consistence except the smallest radius which is set to be 0.75× seeing for each target. The black bar at the bottom left corner of each panel indicate the 10 arcsec scale.

      

    

  
    
      Fig. 12. 
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        Distribution of the angle difference between nebular position angle and radio jet position angle, |θ − PAradio|. The blue histogram shows the number distribution of flux-weighted angle difference, |θweight − PAradio| (sensitive to high surface brightness nebula morphology). The magenta histogram represents the unweighted measurements, |θunweight − PAradio| (quantifying the morphology of the whole nebula). The values are presented in Table 3. We mark the obvious outliers in the two distributions in corresponding colours. This shows that most of our HzRGs have their Lyα nebula elongated along the jet axis.

      

    

  