
    
      Fig. 1. 
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        Spectral line profile of the Paβ line. Top panel: Observed Paβ line profile (black) from MIRI MRS channel 1, extracted within a 3-kpc radius. The red line corresponds to our best-fit model (red). The two individual Gaussian components are displayed on the bottom as green and magenta dashed lines (offset from zero by an arbitrary amount). We mask a noise spike (shown in grey) shortwards of the line. Middle panel: Continuum after multi-Gaussian line subtraction. Bottom panel: χ statistic corresponding to the residuals between the model and the observed spectral profile, divided by the rms error in the continuum.

      

    

  
    
      Fig. 2. 
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        Same as Fig. 1, but for the Hα line covered by our NIRSpec observations. The Hα kinematic components are shown as dashed lines, while the (weak) dotted Gaussians correspond to [N II] and [S II].

      

    

  
    
      Fig. 3. 
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        Same as Fig. 1, but for the Hβ line covered by our NIRSpec observations. The dashed blue line in the middle panel shows the recovered contribution by the Fe II complex to the continuum, and the orange line is a linear fit to the residual continuum. The [O III] and He II lines are also covered, but not used in our analysis.

      

    

  
    
      Table 1. 

      Results of the multi-component line fitting.

      
        


	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)



	




	Line
	λrest
	Comp
	FWHM
	Central velocity
	Flux (obs)
	S/N (obs)
	Flux (corr)



	
	[Å]
	
	[km/s]
	[km/s]
	[erg/s/cm2]
	
	[erg/s/cm2]





	Pβ
	12821.6
	1
	3000 ± 100
	10 ± 100
	7.2 ± 1.0 ⋅ 10−16
	55.0
	9.2 ± 1.3 ⋅ 10−16



	
	
	2
	11900 ± 700
	10 ± 100
	1.1 ± 0.4 ⋅ 10−15
	44.4
	1.5 ± 0.5 ⋅ 10−15



	
	
	Total
	3800 ± 100
	
	1.9 ± 0.4 ⋅ 10−15
	72.2
	2.4 ± 0.5 ⋅ 10−15



	




	Hα
	6564.6
	1
	800 ± 100
	10 ± 100
	5.2 ± 0.6 ⋅ 10−16
	16.9
	1.0 ± 0.1 ⋅ 10−15



	
	
	2
	2000 ± 100
	10 ± 100
	1.0 ± 0.1 ⋅ 10−15
	27.4
	2.0 ± 0.3 ⋅ 10−15



	
	
	3
	4600 ± 100
	10 ± 100
	5.8 ± 0.3 ⋅ 10−15
	141.7
	1.1 ± 0.1 ⋅ 10−14



	
	
	4
	11100 ± 100
	10 ± 100
	6.6 ± 0.8 ⋅ 10−15
	156.6
	1.3 ± 0.2 ⋅ 10−14



	
	
	Total
	3700 ± 100
	
	1.4 ± 0.1 ⋅ 10−14
	342.3
	2.8 ± 0.2 ⋅ 10−14



	




	Hβ
	4862.7
	1
	800 ± 100
	10 ± 100
	1.2 ± 0.4 ⋅ 10−16
	16.5
	3.0 ± 1.0 ⋅ 10−16



	
	
	2
	2100 ± 100
	10 ± 100
	4.0 ± 0.9 ⋅ 10−16
	38.7
	1.0 ± 0.2 ⋅ 10−15



	
	
	3
	9300 ± 200
	420 ± 100
	3.1 ± 0.5 ⋅ 10−15
	71.2
	7.9 ± 1.1 ⋅ 10−15



	
	
	Total
	4300 ± 100
	
	3.7 ± 0.5 ⋅ 10−15
	82.9
	9.2 ± 1.2 ⋅ 10−15



	




	Mg II
	2796, 2803
	1
	2300 ± 1000
	10 ± 250
	9.7 ± 7.3 ⋅ 10−16
	30.0
	3.7 ± 2.8 ⋅ 10−15



	
	
	2
	5100 ± 1600
	10 ± 410
	1.6 ± 1.5 ⋅ 10−15
	31.0
	5.9 ± 5.6 ⋅ 10−15



	
	
	Total
	3100 ± 1200
	
	2.5 ± 1.7 ⋅ 10−15
	50.2
	9.6 ± 6.2 ⋅ 10−15





      

      
Notes. The first two columns note which line was fit and the corresponding rest-frame wavelength λrest, while the third column corresponds to an individual component (1,2,3) or refers to the composite spectral model (“total”). The fourth column specifies the FWHM of any individual component, or of the summed spectral profile. The fifth column refers to the central velocity shift with respect to the rest frame wavelength of the line (assuming a redshift of 2.948), and the sixth to the integrated flux of the observed line without extinction correction. The seventh column specifies the S/N of the component or total line, using an rms-based noise estimate over ±2σ from the central wavelength (for the total profile, we used the Gaussian σ of the broadest component), without dust correction. The final column is the extinction-corrected flux, according to the Balmer decrement. In the case of Mg II, the quantities are averaged over the two doublet lines (which were tied to have the same flux). Fluxes for the optical and UV lines have been corrected for Galactic extinction as specified in the text.



    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        SED fit obtained for J1652 with the CIGALE code. The observed photometry is displayed by violet circles, and model fluxes are shown as red dots, while the black curve corresponds to the model spectrum. The different components included in the fit are: dust emission (red), AGN template (orange), nebular emission lines (green), and the host galaxy contribution (shown in blue and yellow, with and without dust attenuation, respectively).

      

    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        Comparison of line profiles. Left panel: Superposition of the Paβ (red) and Hα (black) line profiles in velocity space. The fluxes are in arbitrary units. There is a close match in the total line profiles, with the peaks (set by the narrow component) occurring at similar velocities assuming a redshift of z = 2.94. We omit the Hβ and Mg II profiles from this panel since they are strongly blended, but they can be seen in Figs. 3 and 4. The features shortwards of ∼ − 5000 km/s in the Paβ profile are masked in the fitting. Right panel: Superposition of the total line profiles of Paβ (red), Hα (black), Hβ (grey) and Mg II (blue) as recovered by our multi-Gaussian line fitting procedure (arbitrary flux units).

      

    

  
    
      Fig. 7. 
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        Spread in virial BH mass estimates for J1652 recovered from the kinematics of different broad lines (Paβ: red symbols, Hα: black symbols, Hβ: grey symbols, Mg II: blue symbols) under varying assumptions, as specified by the labels on the y-axis. In the left panel, we rescaled all virial BH masses to a common virial factor f = 1, while in the right panel the original f values from the calibrations are applied (f = 4.31 for Paβ, f = 0.75 for the Balmer lines and f = 1 for Mg II). For each line, we show the mass recovered by using the total line profile (circles) versus the broadest component of our line fit only (diamonds), and observed fluxes (open circles) versus dust-corrected ones assuming AV = 0.89 mag (filled circles). The individual errorbars reflect the uncertainties quoted in the coefficients of the virial mass prescriptions (Eqs. (2), (3), and (4)), and we caution that they do not cover the range of BH masses obtained with our different assumptions for J1652. The vertical dashed line indicates the BH mass constraint by Perrotta et al. (2019) based on the galaxy-integrated Hβ emission in Gemini/GNIRS observations. The median log MBH among all of our estimates is indicated by the solid vertical line, with the shaded region corresponding to ±1 standard deviation. With four open rectangles, we highlight the treatment from the original calibrations in the right panel.

      

    

  
    
      Fig. 8. 
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        Our range of recovered BH mass estimates for J1652 (grey bar) in the context of the low-redshift MBH–M⋆ relation for all broad-line AGNs (blue solid line; Reines & Volonteri 2015) and for ellipticals with suppressed star formation (blue solid line; Kormendy & Ho 2013). Depending on the choice of line (Paβ, Hα, Hβ, and Mg II) and underlying assumptions (assignment of kinematic components to the broad line region, virial factor, f, dust attenuation, etc.), and considering the uncertainties, one could argue that J1652 is overmassive or falls onto the MBH–M⋆ relation. The uncertainty on the stellar mass is derived from considering all SED models explored with a similar goodness of fit (χ2 within 5% of the best fit value). For context, we add a sample of massive high-redshift radio galaxies (green squares; De Breuck et al. 2010; Nesvadba et al. 2011), and unobscured X-ray AGNs at Cosmic Noon (purple circles; Suh et al. 2020).

      

    

  
    
      Table 2. 

      Overview of various literature studies on SMBH masses MBH at high redshift.

      
        


	Study
	Sample
	Line
	Calibration
	Virial
	Width
	Dust-
	Redshift



	
	size
	
	
	factor f
	definition
	corr.?
	range





	Maiolino et al. (2024)
	12
	Hα
	Reines & Volonteri (2015)
	4.3
	Broad FWHM
	Yes
	4 < z < 7



	Harikane et al. (2023)
	10
	Hα
	Greene & Ho (2005)
	0.75
	Broad FWHM
	Yes
	4 < z < 7



	Farina et al. (2022)
	38
	Mostly Mg II
	Shen et al. (2011)
	1.4
	Total FWHM
	No
	5.8 < z < 7.5



	Yue et al. (2024a)
	6
	Hβ
	Vestergaard & Peterson (2006)
	1.4
	Total FWHM
	No
	5.9 < z < 7.1



	Stone et al. (2024)(a)
	5
	Hβ
	Vestergaard & Peterson (2006)
	1.4
	Total FWHM
	No
	z ∼ 5 − 7



	Übler et al. (2023)
	1
	Hα
	Reines et al. (2013)
	1.075
	Broad FWHM
	No
	z ∼ 5.6



	Juodžbalis et al. (2024)
	1
	Hα
	Reines et al. (2013)
	1.075
	Broad FWHM
	Both
	z ∼ 6.7



	




	Pensabene et al. (2020)(b)
	10 (c)
	Mostly Mg II
	Bongiorno et al. (2014)
	
	Various
	
	2 < z < 7



	Willott et al. (2017)(b)
	21 (c)
	Mostly Mg II
	Various (literature compilation)
	
	
	
	z > 5.7



	Kocevski et al. (2023)
	2
	Hα
	(1) Modified Kaspi et al. (2000)(d)
	0.75
	Broad FWHM
	No
	z > 5



	
	
	
	(2) Greene & Ho (2005)
	0.75
	Broad FWHM
	Both
	



	




	Ding et al. (2023)
	2
	Mostly Hβ
	Vestergaard & Peterson (2006)
	1.4
	Broad FWHM
	No
	z > 6



	SHELLQs (e,a,b)
	5 (f)
	Mg II
	Vestergaard & Osmer (2009)
	1.4
	Total FWHM
	No
	z ∼ 6





      

      
Notes. For each study, we list the number of sources, the broad line used as a tracer, the underlying virial MBH calibration, and the adopted value for the virial factor f (accounting for the BLR geometry). Columns 6 and 7 specify whether the line width was evaluated based on the FWHM of the total line profile or the broad component, and whether a dust correction has been applied (affecting the luminosity-inferred BLR size). In the last column, we list the redshift range probed. The three parts of the table group together studies finding evidence for over-massive BHs with respect to their hosts, mixed results, or BH masses in line with local scaling relations.

(a) One source, J2239+0207, was included both in Stone et al. (2024) and the SHELLQs sample in Izumi et al. (2019).


(b) Evaluated w.r.t. the relation between BH mass and [C II]-inferred host dynamical mass, rather than stellar mass. See also Willott et al. (2017).


(c) One source, PSO J167-13, was studied both in Willott et al. (2017) and Pensabene et al. (2020).


(d) Substituting Hβ for Hα and using the FWHM of the broad component rather than the total line profile.


(e) Izumi et al. (2018, 019, 2021). Izumi et al. (2021) also presents a literature compilation of ∼20 higher-luminosity AGNs with Mg II-based virial MBH and [C II]-based dynamical mass measurements, which favour an offset from local scaling relations.


(f) With virial MBH masses. The full sample is larger.
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