
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        SDSS colour composite image of 4C12.50 (z = 0.122) with the EMIR (position angle, PA = 104°) and X-shooter (PA = 20°) slit positions overplotted. The double nuclei and the prominent merger features are appreciated clearly. This work is focussed on the western active nucleus.

      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        K-band spectrum of 4C12.50. Left: GTC-EMIR (0.8″ × 1.4″ aperture). Right: VLT-X-shooter (1.2″ × 4″ aperture). Flux in units of 10−16 erg cm−2 s−1 Å−1. λobs is the observed wavelength. The red arrows mark artefacts and glitches (see text).

      

    

  
    
      Table 1. 

      Measurements of H+ lines in the EMIR and X-shooter spectra of 4C12.50.

      
        


	
	
	EMIR

	X-shooter




	Line
	λ
	Flux ×10−16
	FWHM
	ΔV
	
	Flux ×10−16
	FWHM
	ΔV



	
	(μm)
	(ergs cm−2 s−1)
	(km s−1)
	(km s−1)
	
	(ergs cm−2 s−1)
	(km s−1)
	(km s−1)





	 Paα(vn)
	1.8756
	
	
	
	
	4.3±0.6
	101±12
	+167±9



	  (n)
	1.8756
	29.5±1.1
	438±9
	0
	
	22.8±2.9
	419±18
	0



	  (i)
	
	29.4±2.4
	1023±45
	−532±24
	
	28.9±2.8
	1029±62
	−528±35



	  (b)
	
	98.2±3.5
	2707±51
	−1441±43
	
	99.0±4.5
	2783±53
	−1371±46



	 Paβ
	1.2822
	Out
	Out
	Out
	
	52.7±4.7
	ns
	ns



	 Brγ
	2.1661
	Out
	Out
	Out
	
	12.5±2.5
	ns
	ns





      

      
Notes. For Paα (vn), (n), (i) and (b) refer to the ‘very narrow’ (only confirmed in the X-shooter spectrum), ‘narrow’, ‘intermediate’ and ‘broad’ kinematic components isolated in the spectral fits. ΔV is the velocity shift of the individual kinematic components of Paα relative to the narrow one (n), which is at the systemic zsys. ‘ns’ means noisy and ‘out’ means that the line is outside the spectral range.



    

  
    
      Table 2. 

      Measurements of the H2 emission lines detected in the EMIR and-or X-shooter spectra of 4C12.50.

      
        


	
	
	EMIR

	X-shooter




	Line
	λ
	Flux ×10−16
	FWHM
	
	Flux ×10−16
	FWHM



	
	(μm)
	(ergs cm−2 s−1)
	(km s−1)
	
	(ergs cm−2 s−1)
	(km s−1)





	H2 2–0 S(1)
	1.1622
	out
	out
	
	2.20±0.21
	455±35



	H2 1–0 S(7)
	1.7480
	out
	out
	
	5.10±0.37
	461±23



	H2 1–0 S(5)
	1.8358
	11.4±0.40
	471±8
	
	12.50±0.60
	465±15



	H2 1–0 S(4)
	1.8920
	3.65±0.18
	424±17
	
	4.31±0.15
	389±14



	H2 1–0 S(3)
	1.9576
	20.1±0.3
	418±12
	
	16.7±0.4
	424±21



	H2 1–0 S(2)
	2.0338
	6.03±0.24
	453±9
	
	5.51±0.84
	457±66 (ns)



	H2 1–0 S(1)
	2.1218
	20.0±1.9
	446±26
	
	21.30±1.10
	435±9





      

      
Notes. H2 1-0S(1) is on the red edge of the EMIR spectrum. The S(3) measurements are based on a simple, 1-Gaussian fit of the line profile above the broad pedestal.



    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Fit of Paα using the 0.8″ × 1.4″ EMIR (top) and 1.2″ × 4.0″ X-shooter (bottom) rest frame spectra. Left panels: data (black), fit (red) and residuals (blue), shifted on the vertical axis for visualisation. The small excess of flux on the blue wing of Paα may be H2 2-1S(7) λ1.8523. Right: Individual components of the fit of Paα, where the values of FWHM and ΔV in km s−1 (velocity shift relative to the narrow or systemic component, in red) refer to the broadest (blue) kinematic component. It is due to a prominent ionised outflow. The spectra in these and all other figures have been normalised by the peak flux of Paα.

      

    

  
    
      Fig. 4. 

      
        [image: thumbnail]
      

      
        Brδ, H2 (1–0) S(3) and [SiVI] blend (black) in the EMIR (top) and X-shooter (bottom) rest frame spectra. The blue line shows the predicted Brδ profile (+ continuum; see text). The results of subtracting Brδ from the original spectra are shown in red. The * marks the location of (or near) a possible artefact in the EMIR spectrum, responsible for the unexpectedly narrow [SiVI] peak.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Fit of the H2 (1–0) S(3) and [SiVI] blend based on the EMIR (top) and the X-shooter (bottom) spectra, after subtracting the continuum and the contribution of Brδ. The data, fit and residuals are shown on the left panels. The individual components of the fit are shown on the right panels. Colour code as in Fig. 3. The FWHM and ΔV relative to zsys correspond to the broadest component (blue), which is responsible for the broad pedestal.

      

    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        X-shooter rest-frame optical spectrum centred on [FeVII]λ6087. Left: data. The red vertical line marks the expected location of the line for zsys. The line is clearly blueshifted. Middle: data with fit (red) and residuals (blue, shifted vertically for visualisation). Right: data with the two kinematic components isolated in the fits. The FWHM and ΔV relative to zsys correspond to the broad most blueshited component. Flux in arbitrary units.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Relative contribution of the broadest component to the total line fluxes,[image: equation], vs. critical density, ncrit, in log and cm−3. The dotted line is the linear fit. [image: equation] values are from: this work ([SiVI] and [FeVII]); Holt et al. (2003) and Rodríguez Zaurín et al. (2013, optical lines) and (Guillard et al. 2012, [NeII]12.8 μm). Data with no error bars have no errors available.

      

    

  
    
      Table 4. 

      Vmax = |ΔVsys − FWHM/2| (Rupke et al. 2005) of the broadest component for several emission lines.

      
        


	Line
	Vmax



	
	(km s−1)





	Paα
	2763±53 (a)



	[SII]λλ6716,6731
	2803±242 (b)



	[NeII]λ12.8
	1831±137 (c)



	[OIII]λ5007
	2952±48 (b)



	[OI]λ6300
	2431±80 (b)



	[FeVII]λ6087
	2496±221 (a)



	[SiVI]λ1.9623
	3076±184 (a)
	cr





      

      
Notes. Values from (a)this work, (b)Holt et al. (2003), (c)Guillard et al. (2012). The lines below Paα are in order of incresing ncrit.



    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Modelling the relative population levels of the H2 NIR transitions using single excitation-temperature LTE models. The orange circles and diamonds represent de X-shooter and EMIR measurements respectively. Upper limits were obtained with the X-shooter spectrum. They correspond to H2 1–0 S(6) λ1.7880 (orange), the 2–1 transitions (blue) S(2) λ2.1542, S(3) λ2.0729 and S(4) λ2.0041 and the H2 2–0 transitions (light green) S(2) λ1.1382, S(3) λ1.1175 and S(4) λ1.0998 in the J band. The solid red line shows the single-temperature fit based on the fluxes of the lines detected in the X-shooter spectrum and assuming fully thermalised LTE gas conditions. The EMIR data are shown for comparison.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Dependence of the molecular gas mass in M⊙ with excitation temperature for 4C12.50. The colour code clarifies the tempertature ranges considered as ‘cold’, ‘warm’ and ‘hot’ in this work. The small red circles indicate the cold H2 masses infered from CO(2–1) ALMA data for different apertures with the radius varying from 0.5″ to 2″ (see text). The black solid line shows the best fit to the warm (G12) and hot data points, with the equation and coefficient of determination, R2. G12: Guillard et al. (2012); D11: Dasyra & Combes (2011); D14: Dasyra et al. (2014); L22: Lamperti et al. (2022).

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Intrinsic FWHM of molecular lines detected in 4C12.50. The solid and open triangles for S(3) (1–0) are the values from Tables 2 and 3 respectively. The two green open squares are ALMA CO(2–1) measurements for the nuclear (top, 0.1″ radius aperture) and integrated (bottom, 1.5″ radius aperture) spectra (Lamperti et al. 2022). The solid horizontal black line marks FWHM* = 392 km s−1 (Dasyra et al. 2006). The coloured areas correspond to the FWHM (± errors) of the narrow (systemic) component of Paα (red) and the optical (green) ionised gas lines. D12: Dasyra & Combes (2012); D14: Dasyra et al. (2014); G12: Guillard et al. (2012); I16: Imanishi et al. (2016); I18: Imanishi et al. (2018).

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Observed emission (black) of H2 S(5) (left), S(2) (middle) and S(1) (right) and the expected profiles (red), for which we assume the presence of a molecular outflow with similar kinematic properties and relative flux contribution as in the MIR H2 lines. The troughs at the peak of the S(2) and S(1) are due to the noise.

      

    

  
    
      Table 5. 

      Surface density of star formation and of cold molecular gas for different assumptions of SFR and radial sizes of the SF (rSF) and molecular gas (rH2) distributions.

      
        


	Case
	rH2
	rSF
	log([image: equation])
	SFR
	log(ΣMH2)
	log(ΣSFR)
	Symbol



	
	(kpc)
	(kpc)
	(M⊙)
	(M⊙ yr−1)
	(M⊙ pc−2)
	(M⊙ yr−1 kpc−2)
	





	
	
	(A) rH2 = rSF = rCO, αCO = 0.78
	



	A1
	0.358
	0.358
	9.36
	141
	3.76
	2.54
	Green triangle



	A2
	0.358
	0.358
	9.36
	63
	3.76
	2.19
	Red triangle



	A3
	0.358
	0.358
	9.36
	24
	3.76
	1.76
	Black triangle



	
	
	(B) rH2 = rSF = rdisk, αCO = 0.78
	



	B1
	2.0
	2.0
	10.00
	141
	2.90
	1.05
	Green circle



	B2
	2.0
	2.0
	10.00
	63
	2.90
	0.70
	Red circle



	B3
	2.0
	2.0
	10.00
	24
	2.90
	0.28
	Black circle



	
	
	(C) rH2 = rSF = 4.2 kpc, αCO = 4.3
	



	C
	4.2
	4.2
	10.73
	24
	3.03
	−0.36
	Black diamond





      

      
Notes. For the purpose of comparison with Lanz et al. (2016), we have assumed the area corresponding to each radial size, r, as A = πr2. [image: equation] is the assumed cold molecular gas mass enclosed within rH2. SFR in units of M⊙ yr−1. ΣMH2 in M⊙ pc−2. rCO = 358 pc is the CO(2–1) half light radius inferred with ALMA data (see text). rdisk = 2 kpc is the radius of the molecular disk discovered by Fotopoulou et al. (2019). Case C corresponds to Lanz et al. (2016). All molecular masses were calculated with αCO = 0.78, except in case C, for which αCO = 4.3 as in Lanz et al. (2016). The last column specifies the symbol used in Fig. 13.



    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Surface density of star formation compared to gas (cold molecular + neutral) density gas (K–S diagrams; Kennicutt 1998). This figure has been adapted from Fig. 2 in Daddi et al. (2010a). The coloured areas roughly enclose different galaxy types indicated with labels. The black solid line (‘disks sequence’) is a fit to local spirals and z ∼ 1.5 BzK selected galaxies (slope of 1.42). The upper dashed line is the same relation shifted up by 0.9 dex to fit local U/LIRGs and SMGs. The dot-dashed purple line corresponds to a star formation suppression of a factor of 10 relative to the disks sequence. The coloured symbols are different locations of 4C12.50 for the diversity of parameters used in our calculations. The triangles correspond to cases A and the circles correspond to cases B in Table 5. The black diamond comes from Lanz et al. 2016 (case C). The triangles represent the values obtained from recent high angular resolution ALMA CO(2–1) data.
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