
    
      Table 1. 

      Analyzed observations of PMN J0948+0022.

      
        


	Inst.
	R
	Obs. date
	Exp. time
	Seeing



	
	
	[dd-mm-yyyy]
	[s]
	[″]





	SDSS
	1500
	28-02-2000
	3600
	–



	SDSS
	1500
	27-03-2000
	3600
	–



	




	X-shooter
	6500
	22-12-2017
	235 × 42
	0.36−0.56



	




	MUSE
	2500
	24-11-2022
	1347
	0.68



	
	
	25-11-2022
	1347
	0.86



	
	
	23-01-2023
	2559
	0.93



	
	
	28-01-2023
	2539
	1.37



	
	
	09-02-2023
	–
	1.16



	
	
	10-02-2023
	–
	1.19



	
	
	14-02-2023
	2514
	1.04



	
	
	08-03-2023
	2551
	0.54





      

      
Notes. The columns correspond to: instrument, resolution (as λ/Δλ), date, exposure time, and seeing conditions (for X-shooter, we present the minimum and the maximum values during the observations). Observation dates in italics refer to rejected observations. In particular: 28-02-2000 classified as nonoptimal by SDSS; 25-11-2022 was affected by clouds; and (09−10)-02-2023 was aborted (see Sect. 2.3).



    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Hβ–[O III]λλ4959,5007 spectral region in the SDSS (top panel), the X-shooter spectrum (middle panel), and the MUSE (bottom panel) spectra of PMN J0948+0022. Colors: continuum magenta – the final fit; dashed blue – the broad components of Hβ; dotted red – the narrow components of Hβ and [O III]λλ4959,5007; dotted-dashed yellow – the [O III]λλ4959,5007 blue wings, interpreted as outflows; and green – the residuals, calculated as the difference between the original data and the best-fitting model. For SDSS, the [O III]λ5007 fit is tentative; here, we applied the same model as in the other two cases, keeping in mind that we are dealing with a non-detected line.

      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Top panels: Comparison of the Hβ and [O III]λ5007 (left and right panels, respectively) lines observed in the SDSS−X-shooter spectra with the resolution of the latter decreased to match that of the former (SDSS in blue and X-shooter in red). Bottom panels: Same as in the top panels, but for X-shooter – MUSE with the resolution of the former reduced to match that of the latter (MUSE in blue and X-shooter in red). The left panels refer to the comparison of Hβ, while the right panels to [O III]λ5007.

      

    

  
    
      Table 2. 

      MBH, REdd, and Lbol along with their associated uncertainties for SDSS, X-shooter, and MUSE spectra of PMN J0948+0022.

      
        


	Spectrum
	Eq.
	log(MBH)
	Eq.
	REdd
	log(Lbol)



	
	
	[M⊙]
	
	
	[erg s−1]





	SDSS
	
	7.47 ± 0.66
	
	< 6
	45.93 ± 1.03



	X-shooter
	(4)
	7.74 ± 0.14
	(8)
	2.01 ± 0.66
	46.16 ± 1.43



	MUSE
	
	7.83 ± 0.22
	
	0.63 ± 0.31
	45.74 ± 2.11



	




	SDSS
	
	7.86 ± 0.66
	
	< 1
	45.20 ± 1.02



	X-shooter
	(5)
	8.23 ± 0.14
	(9)
	0.23 ± 0.08
	45.21 ± 1.01



	MUSE
	
	8.11 ± 0.21
	
	0.18 ± 0.09
	45.20 ± 1.02



	SDSS
	
	7.60 ± 0.77
	
	< 0.6
	44.96 ± 0.39



	




	X-shooter
	(6)
	7.72 ± 0.31
	(10)
	0.59 ± 0.32
	45.62 ± 0.36



	MUSE
	
	7.81 ± 0.22
	
	0.11 ± 0.07
	44.96 ± 0.39



	Reference
	
	7.76 ± 0.12
	
	0.21 ± 0.06
	45.23 ± 0.59





      

      
Notes. The methods are based on Eqs. (4), (5), and (6), for MBH; and on Eqs. (8), (9), and (10), for REdd. In the last column, the continuum luminosity used to calculate the Eddington ratio is shown.



    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Fermi light curve for PMN J0948+0022 with a data binning of one month. We highlighted the two periods that coincide with the X-shooter and MUSE observations. The highlighted peak was observed on August 2, 2017. The quiet phase began on April 18, 2020, and is still ongoing.

      

    

  
    
      Table A.1. 

      Most important identified lines.

      
        


	Line-Component
	Symbol
	Flux [10−17 erg/(s⋅cm2)]
	FWHM [km s−1]



	




	SDSS



	[O II]
	[O II]λ3727
	34 ± 5
	< 370



	Hβ narrow component
	Hβn
	36 ± 6
	< 370*



	Hβ total broad component
	Hβb
	345 ± 37
	1529 ± 96



	Hβ broad component 1
	Hβb1
	154 ± 27
	2908 ± 274



	Hβ broad component 2
	Hβb2
	190 ± 24
	1257 ± 94



	Hβ total (4861Å)
	Hβtot
	380 ± 37
	1095 ± 64



	[O III] core component
	[O III]λ5007c
	< 7
	< 370*



	[O III] blue wing component
	[O III]λ5007o
	< 15
	< 800



	




	X-shooter



	




	[O II]
	[O II]λ3726
	3.0 ± 0.6
	95 ± 27



	[O II]
	[O II]λ3729
	4.3 ± 0.4
	73 ± 11



	Hβ narrow component
	Hβn
	10.5 ± 0.4
	90*



	Hβ total broad component
	Hβb
	362 ± 16
	1520 ± 31



	Hβ broad component 1
	Hβb1
	230 ± 15
	3586 ± 73



	Hβ broad component 2
	Hβb2
	132 ± 6
	1132 ± 21



	Hβ total (4861Å)
	Hβtot
	373 ± 16
	866 ± 35



	[O III] core component
	[O III]λ5007c
	3.2 ± 0.4
	90*



	[O III] blue wing component
	[O III]λ5007o
	17 ± 2
	663 ± 71



	Hα narrow component
	Hαn
	22 ± 1
	90*



	Hα total broad component
	Hαb
	960 ± 36
	1466 ± 20



	Hα broad component 1
	Hαb1
	518 ± 33
	3363 ± 59



	Hα broad component 2
	Hαb2
	442 ± 14
	1181 ± 14



	Hα total (6563Å)
	Hαtot
	982 ± 36
	1010 ± 22



	[N II]
	[N II]λ6583
	9.1 ± 0.8
	90*



	




	MUSE (all observations)



	




	[O II]
	[O II]λ3726
	8.4 ± 0.6
	158 ± 18



	[O II]
	[O II]λ3729
	9.9 ± 0.6
	146 ± 15



	Hβ narrow component
	Hβn
	9.2 ± 0.3
	136*



	Hβ total broad component
	Hβb
	353 ± 7
	1681 ± 17



	Hβ broad component 1
	Hβb1
	230 ± 6
	3948 ± 36



	Hβ broad component 2
	Hβb2
	122 ± 3
	1226 ± 12



	Hβ total (4861Å)
	Hβtot
	362 ± 7
	1239 ± 17



	[O III] core component
	[O III]λ5007c
	6.6 ± 0.2
	136*



	[O III] blue wing component
	[O III]λ5007o
	12 ± 1
	634 ± 48





      

      
Notes. The columns correspond to: the name of the line or of the component, the flux, and the FWHM. The "*" symbol refers to those FWHM associated with [O II]λ3727. The parameters are corrected for the instrumental values.



    

  
    
      Table A.2. 

      Fitting parameters for the main spectral lines and the observed redshifts (zobs) for those lines identified at least at 5σ.

      
        


	Component
	Amplitude
	Center
	Width (σgau)
	zobs



	
	[10−17 erg/(s⋅cm2⋅Å)]
	[Å]
	[Å]
	



	




	SDSS



	




	Hβn
	-
	∼ 4340.69
	-
	0.58573



	[O II]λ3727
	5.63 ± 0.71
	3727.39 ± 0.06
	0.56 ± 0.46
	0.58557



	Hβn
	4.69 ± 0.91
	4861.78 ± 0.40
	1.13*
	0.58571



	Hβb1
	3.23 ± 0.54
	4859.20 ± 1.75
	20.01 ± 0.04
	-



	Hβb2
	9.18 ± 0.82
	4861.11 ± 0.56
	8.09 ± 0.81
	-



	[O III]λ5007c
	1.54 ± 0.54
	5007.15 ± 0.33
	0.75*
	-



	[O III]λ5007o
	0.83 ± 0.31
	5000.18 ± 0.63
	4.50@
	-



	




	X-shooter



	




	[O II]λ3726
	1.86 ± 0.30
	3726.26 ± 0.16
	0.50 ± 0.10
	0.58502



	[O II]λ3729
	3.14 ± 0.29
	3728.78 ± 0.06
	0.39 ± 0.01
	0.58508



	Hδ
	-
	∼ 4101.32
	-
	0.58488



	Hβn
	5.47 ± 0.31
	4861.27 ± 0.04
	0.58*
	0.58508



	Hβb1
	3.71 ± 0.21
	4862.33 ± 0.50
	24.78 ± 0.78
	-



	Hβb2
	6.69± 0.20
	4860.59 ± 0.15
	7.87 ± 0.28
	-



	[O III]λ5007c
	1.61 ± 0.27
	5006.61 ± 0.20
	0.60*
	0.58496



	[O III]λ5007o
	1.40 ± 0.10
	5000.36 ± 0.51
	4.70 ± 0.35
	-



	Hαn
	8.97 ± 0.45
	6562.47 ± 0.07
	0.78*
	0.58502



	Hαb1
	6.50 ± 0.37
	6563.47 ± 0.55
	31.49 ± 0.90
	-



	Hαb2
	16.02 ± 0.35
	6561.91 ± 0.13
	11.07 ± 0.25
	-



	[N II]λ6583
	3.71 ± 0.39
	6583.38 ± 0.12
	0.78*
	0.58512



	[S II]λ6716
	-
	∼ 6717.18
	-
	0.58521



	




	MUSE



	




	[O II]λ3726
	3.20 ± 0.14
	3726.17 ± 0.07
	0.83 ± 0.10
	0.58536



	[O II]λ3729
	3.96 ± 0.15
	3728.92 ± 0.07
	0.77 ± 0.08
	0.58511



	Hϵ
	-
	∼ 3970.35
	-
	0.58508



	Hδ
	-
	∼ 4102.15
	-
	0.58513



	Hγ
	-
	∼ 4341.27
	-
	0.58526



	Hβn
	2.96 ± 0.13
	4861.72 ± 0.04
	0.93*
	0.58519



	Hβb1
	3.38 ± 0.08
	4860.96 ± 0.25
	27.19 ± 0.35
	-



	Hβb2
	5.75 ± 0.08
	4861.64 ± 0.08
	8.44 ± 0.14
	-



	[O III]λ5007c
	2.04 ± 0.09
	5006.86 ± 0.06
	0.96*
	0.58513



	[O III]λ5007o
	1.04 ± 0.06
	4997.11 ± 0.34
	4.45 ± 0.28
	-



	[N I]λ5200
	-
	∼ 5198.07
	-
	0.58430





      

      
Notes. The widths highlighted by an asterisk (*) do not indicate an error because they are fixed in the fitting procedure; see Sect. 3.2 for details. The [O III] outflow width in the SDSS case, highlighted with an "at" sign (@), is fixed to the average value of the other two cases.



    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Comparison between Hβ (in blue for the corrected profile, and in dotted-yellow for the contaminated one) and Hα (in orange) in the X-shooter spectrum. The gray arrows refer to the broad and narrow components of Hβ and Hα. The black arrow stresses the position of the telluric absorption.

      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        MUSE WFM-NOAO FoV (1x1 arcmin2) of PMN J0948+0022 (at the center). The MUSE scale is of 0.2 arcsec/pixel. Combined with the scale of PMN J0948+0022 of s = 6.31 kpc/arcsec, this yields ∼ 1.26 kpc/pixel for the central source. We averaged the z-axis (spectral axis) to enhance the flux for each pixel of the image. The white circles indicate the sources for which we measured the spectroscopic redshifts. The numbers correspond to those listed in the first column of Table C.1.

      

    

  
    
      Table C.1. 

      Objects in the MUSE FoV.

      
        


	
	Name
	RA (J2000)
	DEC (J2000)
	Public redshift
	New redshift
	Identified lines



	
	
	[h m s]
	[° ’ ”]
	
	
	



	1
	[VV2006] J094855.7+002238
	09 48 55.613
	+00 22 39.214
	zs = 1.6a
	(1.5995±0.0036)
	Si III]λ1892, Mg II]λ2799



	
	
	
	
	
	
	



	




	2
	WiggleZ S09J094855793+00222011
	09 48 55.795
	+00 22 20.092
	zs = 0.07b
	(0.0696±0.0001)
	Hβ, [O III]λλ4959,5007,



	
	
	
	
	
	
	Hα, [N II]λλ6548,6583,



	
	
	
	
	
	
	[S II]λλ6717,6731



	




	3
	SDSS J094856.34+002206.6
	09 48 56.348
	+00 22 06.699
	zp = 0.83c
	(0.4922±0.0001)
	[O III]λ5007, [N II]λ6548,



	
	
	
	
	
	
	and a very faint Hβ



	




	4
	SDSS J094857.03+002240.3
	09 48 57.034
	+00 22 40.389
	zp = 0.46d
	(0.4922±0.0010)
	[O III]λλ4959,5007,



	
	
	
	
	
	
	a faint Hβ



	




	5
	ID 8000332396004246 *
	09 48 57.721
	+00 22 07.598
	zp = 0.96c
	(0.7600±0.0001)
	[O II]λ3727,



	
	
	
	
	
	
	[O III]λλ4859,5007, Hβ



	




	6
	SDSS J094857.85+002202.2
	09 48 57.859
	+00 22 02.245
	zp = 0.30e
	(0.2830±0.0001)
	[O II]λ3727, Hβ,



	
	
	
	
	
	
	[O III]λλ4959,5007, Hα,



	
	
	
	
	
	
	[N II]λλ6548,6583,



	
	
	
	
	
	
	[S II]λλ6717,6731



	




	7
	SDSS J094859.00+002207.9
	09 48 59.009
	+00 22 07.954
	zp = 0.25e
	(0.1821±0.0001)
	Hβ, [O III]λλ4959,5007,



	
	
	
	
	
	
	Hα, [N II]λλ6548,6583,



	
	
	
	
	
	
	[S II]λλ6717,6731



	




	8
	SDSS J094859.03+002224.3
	09 48 59.034
	+00 22 24.334
	zp = 0.77c,0.48e
	(0.3732±0.0001)
	[O II]λ3727, Hβ,



	
	
	
	
	
	
	Hα, [N II]λλ6548,6583,



	
	
	
	
	
	
	[S II]λλ6717,6731





      

      
Notes. The columns correspond to: the identification number used in Fig. C.1, the name of the source (the source denoted with an asterisk (*) is from DESI-DR8 VII/292/south), the coordinates of the object (RA and DEC), the public redshifts (spectroscopic, zs; or photometric, zp) with the corresponding reference, the new redshifts from the MUSE data cube, and the identified lines to calculate the redshifts. References: a) Abazajian et al. 2009, b) Drinkwater et al. 2018, c) Duncan 2022, d) Ahumada et al. 2020, and e) Alam et al. 2015.
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