
    
      Fig. 3. 
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        Modeling spectra with various FeII templates for the old and the new redshift. Upper panel: Four fits of Observation 14 in the observed frame: two models for the old redshift z = 1.37648, d12 and VW01 templates with extra broadening, and two for the new redshift z = 1.39117, the KDP15 template, shift = 0, FWHM = 4200 km s−1, and the VW01 template with additional broadening. Dashed lines show the corresponding continua. Middle panel: FeII contribution in the rest frame for all the FeII templates used for the fits in the upper panel (see the legend). Lower panel: Decomposition of the fitted FeII with the KDP15 template into individual multiplets: I Zw 1 (red dashed line), multiplet 60 (blue long dashed), multiplet 61 (green, dash-dot), multiplet 62 (yellow, invisible in the scale), multiplet 63 (magenta, dotted), and multiplet 78 (cyan, almost invisible in the scale), with the black line corresponding to the total FeII emission. The FeII flux density in all three panels is expressed in erg s−1 cm−2 Å−1.

      

    

  
    
      Fig. 5. 
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        Comparison of the fit quality using the new UV FeII templates and the previous one. Upper panel: χ2 ratio between the new redshift fits for the KDP15 template with no shift, 4200 km s−1 broadening (black line), and for the VW01 template (magenta line) with additional broadening and the fit with the d12 template and the old redshift. Middle panel: EW(FeII). Lower panel: EW(MgII) in these fits (blue, old redshift and template; red, KDP15; and green, VW01). Observation 14 is highlighted with an open circle.

      

    

  
    
      Fig. 7. 
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        All photometric light curves including archival data from the ASAS-SN. The middle and lower panels show the total MgII and FeII emission light curves in units of 10−16 erg cm−2 s−1 derived using the new redshift, z = 1.39117, respectively. The FeII pseudocontinuum was modeled using the VW01 template.

      

    

  
    
      Fig. 10. 
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        Position of HE 0413−4031 in the UV MgII and FeII R − L relations. Upper panels: MgII R − L relation (left panel) constructed from 194 measurements (163 SDSS RM, 25 OzDES, and six other sources including HE 0413−4031). The best-fitted relation is in the legend. For comparison, we also include the Hβ relation (Bentz et al. 2013) recalculated for 3000 Å (dashed orange line). In the right panel, we show the UV FeII R − L relation based on four RM measurements for NGC 5548, CTS C30.10, HE 0435−4312, and HE 0413−4031 (two comparable relations are plotted by solid black and dashed blue lines since there were two plausible FeII time delays for CTS C30.10). The UV FeII relation is steeper and lower than the flatter and higher MgII R − L relation, which results in the convergence and their intersection towards higher luminosity sources. In the right panel, we also show for comparison the optical FeII relation inferred by Prince et al. (2023) from multiple measurements as well as the HβR − L relation by Bentz et al. (2013) that are depicted by dashed red and green lines, respectively. Lower panels: One-dimensional confidence histograms and two-dimensional confidence contours for the searched parameters (slope γ, intercept β, and the intrinsic scatter σint) of the UV MgII R − L relation (left panel) and of the UV FeII R − L relation (right panel). For the UV FeII R − L relation, we show the case with a smaller scatter, and hence the smaller FeII time delay of CTS C30.10.

      

    

  
    
      Fig. 11. 
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        Comparison of Bruhweiler & Verner (2008) template with the CLOUDY C22.01 output for log(ϕ[cm−2s−1]) = 20.5, log nH[cm−3] = 12, the turbulent velocity of 20 km s−1, and the column density of 1024 cm−2. Upper panel: For a wavelength range of 2000–7000 Å with a Gaussian broadening assuming FWHM ∼4200 km s−1. Middle panel: The zoomed-in version of the upper panel in the wavelength range 2650–2900 Å. Here we also add the broadened KDP15 template for comparison (green solid line). Lower panel: The nonbroadened version of the middle panel. Here, the templates are renormalized for a better comparison.

      

    

  
    
      Fig. 12. 
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        Quasar UV plane with sources from Śniegowska et al. (2020). The location of the quasar HE 0413−4031 is marked with a triangle.

      

    

  
    
      Fig. A.1. 
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        ICCF for the MgII emission using the KDP15 and the VW01 templates depicted by blue and green lines, respectively. The dotted vertical lines show the time-delay peaks at 541 and 606 days (highest cross-correlation coefficient).

      

    

  
    
      Fig. A.2. 
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        DCF for the MgII emission using the KDP15 and the VW01 templates depicted by blue and green lines, respectively. The dotted vertical line shows the time-delay peak at 580 days (highest correlation coefficient).

      

    

  
    
      Fig. A.3. 
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        zDCF for the MgII emission using the KDP15 and the VW01 templates depicted by blue and green lines, respectively, with the corresponding error bars. The dashed vertical lines show the time-delay peaks at 597 days (KDP15) and 638 days (VW01) while the dotted lines mark the corresponding 1σ uncertainties.

      

    

  
    
      Fig. A.4. 
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        χ2 as a function of a time delay (in the observer’s frame) for the MgII emission using the KDP15 and the VW01 templates depicted by blue and green lines, respectively. The dashed vertical lines depict the time-delay peaks at 619 days (KDP15) and 616 days (VW01).

      

    

  
    
      Fig. A.8. 
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        ICCF as a function of the time delay in the observer’s frame for the MgII light curve with the LT trend subtraction. Solid lines correspond to the original light curves (blue for the KDP15 template and green for the VW01 template). Dashed lines correspond to the continuum and the MgII light curves with the LT trend subtracted using the third-order polynomial to represent the LT trend (a blue dashed line stands for the KDP15 template, while the green dashed line corresponds to the VW01 template). Although a significant drop in the correlation coefficient is noticeable, the main time-delay peak around ∼400 − 600 days can be recovered.

      

    

  
    
      Table A.1. 

      Summary of MgII emission time delays inferred using the ICCF for the light curves with the LT trend subtracted. Time delays are expressed in days in the observer’s frame, while the last two rows represent the mean time delays expressed in days in the rest frame of the source.

      
        








	Method
	KDP15
	VW01





	ICCF* - highest r
	372 (r = 0.47)
	539 (r = 0.38)



	ICCF* - peak
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	ICCF* - centroid
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[image: equation] – observer’s frame
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	Final MgII time delay
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