
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Variation with temperature of the broadening (γW/np, solid) and shift (d/np, dashed) rates of the 4p2P3/2 − 5s (green) and 4p2P1/2 − 5s (purple) lines, perturbed by H2 and He. The van der Waals (vdW) broadening, computed with Eq. (16), is shown in black for comparison.

      

    

  
    
      Table 1 

      Broadening and shift parameters used in Eqs. (12) and (13) for the potassium doublet at 1250 nm.

      
        


	
	4p2P3/2 − 5s
	4p2P1/2 − 5s



	
	H2
	He
	H2
	He





	AW
	0.352609
	0.20819
	0.245926
	0.121448



	bW
	0.385961
	0.452833
	0.447971
	0.531718



	Ad
	0.00158988
	0.00194382
	0.00211668
	0.000462539



	bd
	0.949254
	0.89691
	0.933563
	1.07284





      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Opacity cross-sections for potassium (K) at T = 1500 K. The weak line at 1252.95 nm is interpolated from a pre-computed opacity table. The doublet line at 1252.55 nm (4p2P3/2 − 5s) is computed ‘on-the-fly’, meaning that the line strength and line width are calculated exactly for each PT point in the modelled atmosphere. This line also receives a PT-dependent shift, resulting in a blueshift at high pressures.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Detection analysis of HF in the Luhman 16B spectrum. The left panels show the spectral contribution of HF by comparing the complete model (solid blue line) to a model without HF (dashed pink line). The residuals show the difference between these two models. The right panel presents the CCF described in Sect. 3.1.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Retrieved vertical profiles of Luhman 16A (solid) and Luhman 16B (dashed). Left panel: chemical abundances and the 68, 95, and 99.7% confidence envelopes of each species for both brown dwarfs. The dotted lines show the chemical-equilibrium abundances computed with FastChem (Kitzmann et al. 2024). With the exception of FeH, the modelled abundances are constant with altitude and thus do not show the drop-offs exhibited by the equilibrium profiles. Middle panel: inferred temperature profiles and the condensation curves (dotted) of four cloud species (Visscher et al. 2006, 2010). Right panel: grey-cloud opacities retrieved as a function of altitude. The orange and blue shading in the panel gaps indicate the Luhman 16AB photospheres as obtained with the integrated emission contribution functions.

      

    

  
    
      Table A.1 

      Retrieved parameters and their uncertainties.

      
        


	Parameter
	Description
	Prior
	Luhman 16A
	Luhman 16B



	
	
	
	1-column
	2-column
	1-column
	2-column





	log H2O
	H2O abundance
	𝒰(−14.0, −2.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	log Na
	Na abundance
	𝒰(−14.0, −2.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	log K
	K abundance
	𝒰(−14.0, −2.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	log HF
	HF abundance
	𝒰(−14.0, −2.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	log (FeH)0
	FeH abundance at P ≥ PFeH,0
	𝒰(−14.0, −2.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]



	log PFeH,0
	FeH drop-off pressure
	𝒰(−5.0, 3.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]



	αFeH
	FeH drop-off power
	𝒰(0.0, 20.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]



	




	log g
	Surface gravity
	𝒢A(4.96, 0.09)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	𝒢B(4.89, 0.09)



	v sin i
	Projected rotational velocity
	𝒰(10.0, 30.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	ϵlimb
	Limb-darkening coefficient
	𝒰(0.0, 1.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	vrad
	Radial velocity
	𝒰(10.0, 30.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	𝒞ℱ
	Surface coverage fraction
	𝒰(0.0, 1.0)
	
	[image: equation]
	
	[image: equation]



	
	[image: equation]
	
	[image: equation]



	




	∇1
	Temperature gradient at P1
	𝒰(0.10, 0.34)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	∇2
	Temperature gradient at P2
	𝒰(0.10, 0.34)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	∇3
	Temperature gradient at P3
	𝒰(0.05, 0.34)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	∇4
	Temperature gradient at P4
	𝒰(0.0, 0.34)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	∇5
	Temperature gradient at P5
	𝒰(0.0, 0.34)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	log P3
	Pressure of central knot
	𝒰(−1.0, 1.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	T3
	Temperature at central knot
	𝒰(1200, 2200)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Δ log P23
	Separation between P2 and P3
	𝒰(−2.0, −0.5)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Δ log P34
	Separation between P3 and P4
	𝒰(0.5, 3.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	




	log κcl,0
	Cloud-base opacity
	𝒰(−10.0, 3.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]



	log Pcl,0
	Cloud-base pressure
	𝒰(0.0, 2.5)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]



	fsed
	Cloud-opacity decay
	𝒰(1.0, 20.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]



	




	log a
	GP amplitude
	𝒰(−0.7, 0.3)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	log ℓ
	GP length-scale
	𝒰(−3.0, −1.0)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	




	
	
	ln B
	
	−13.3
	
	+0.67





      

      
Notes. All priors are uniform (indicated with 𝒰(min, max)), except for the surface gravity, which is retrieved using a Gaussian prior (𝒢(μ, σ)) and different between Luhman 16A and B. In the case of the FeH abundance and cloud-opacity parameters, the two-column solution shows the two values corresponding to each patch in black and grey. The surface coverage fraction is also calculated for the second column (as 1 − 𝒞ℱ), but it is only retrieved as a single parameter.




    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Posterior distributions of a selection of parameters for the Luhman 16AB one-column retrievals. For both objects, we find a strong correlation between the surface gravity, log g, and the abundances. However, the retrieved surface gravities do not deviate from the imposed Gaussian priors, which implies that the constrained abundances are accurate. The radial velocity, vrad, shows no correlation and could therefore help constrain the Luhman 16AB orbits further.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Same as Fig. 4 but showing all spectral orders. The missing spectral order is shown in Fig. 4.

      

    

  
    
      Fig. D.1 

      
        [image: thumbnail]
      

      
        Same as Fig. 5 but for Luhman 16A.

      

    

  
    
      Fig. D.2 

      
        [image: thumbnail]
      

      
        Same as Fig. 6 but for Luhman 16A.
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