
    
      Fig. 3 
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        Wavelength dependence of different opacity sources. Upper panel: the opacity of a cloudless Earth-twin atmosphere as a function of wavelength. Gray shading shows the amount of light blocked by the atmosphere. Lower panel: contribution of the different molecules to the opacity of the Earth-twin atmosphere as a function of wavelength. Dark regions indicate a high opacity, as is indicated by the colorbar.

      

    

  
    
      Fig. 5 
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        Ratio between the wavelength-dependent S/N of the optimized case and the nominal case. This ratio is independent of the overall S/N and the R of the Spectrum.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Retrieved exoplanet parameters for the different grid points for the wavelength range 3–20 μm in the nominal case. Here, Mpl is the mass, Rpl the radius, P0 the surface pressure, and T0 the surface temperature of the exoplanet. The error bars denote the 68% confidence intervals. For Mpl and Rpl, we also plot the assumed prior distributions. For T0 and P0, we assumed flat, broad priors. The vertical lines mark the true parameter values.

      

    

  
    
      Fig. 10 
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        Wavelength-dependent posterior types retrieved for the different trace gases in the nominal case (a)–(c) and the optimized case (d)–(f). The lowermost panel gives the color coding for the different posterior types. The abbreviations used for the different posteriors are introduced in Sect. 4.2. (a, d): 3–20 μm, (b, e): 4–18.5 μm, (c,f): 6–17 μm.

      

    

  
    
      Table 6 

      Required observation time in days.

      
        


	
	ObservationTime [days]



	
	Nominal Case
	Optimized Case



	R
	S/N
	1m
	2m
	3.5m
	1m
	2m
	3.5m





	35
	15
	771
	74
	15
	922
	64
	9



	50
	10
	490
	47
	10
	589
	41
	6





      

      
Notes. Observation times for an Earth-twin at 10 pc for the two combinations of R and S/N discussed in Sect. 5.2 and three different aperture diameters (1 m, 2 m, and 3.5 m). We conservatively assume a total instrument throughput of 5% (cf. Dannert et al. 2022).




    

  
    
      Fig. 11 
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        Performance comparison between different retrieval studies. The error bars correspond to the 68% confidence intervals of the retrieved posterior distributions. The emitted light study from this work for (R = 50, S/N = 10 (green downward triangle) and R = 35, S/N = 15 (orange upward triangle), 3–20 μm in the optimized case); the reflected light study by Feng et al. (2018) (R = 70, S/N=10 (blue dot), R = 70, S/N = 15 (red square), 0.4–1.0 μm).

      

    

  
    
      Fig. A.1 
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        Results from the P–T model retrievals. The first row displays the log-evidence ln(Z) of the different models. The second row shows a zoomed in view of the high log-evidence region of the first row to allow for better comparison. The bottom row displays the retrieved best fit P–T profiles for the fourth order polynomial, the Madhusudhan & Seager (2009) model, and the two Guillot models (Guillot 2010; Mollière et al. 2019). The data for the true P–T profiles is taken from Fig. 1 in Mueller-Wodarg et al. (2008).

      

    

  
    
      Fig. B.1 
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        Classes of retrieved posterior distributions. The histogram gives the posterior distribution as found by the retrieval framework. The colored lines represent the best fit model for the posterior distribution, the black symbols below show how such a posterior will be represented in our data analysis plots. (a): unconstrained posterior (UC-type), (b): upper limit posterior (UL-type), (c): sensitivity limit posterior (SL-type), (d): constrained posterior (C-type).

      

    

  
    
      Fig. C.1 
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        Fitted MIR emission spectra to a randomized input spectrum. The nonrandomized spectrum is marked by the black line, the randomized input for the retrieval are represented by red data points and error bars. The green shaded regions mark percentiles of the MIR spectra corresponding to the retrieved posteriors of the model parameters.

      

    

  
    
      Fig. C.2 
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        Retrieved posterior types for atmospheric gases for the nonrandomized case (first column) and the 20 different noise realizations (columns 1 to 20). For posterior classification, we used the method outlined in Appendix B. The last row lists the Bayesian log-evidence ln(Z), the last column provides the retrieval accuracy (percentage of noise realizations resulting in the same posterior type as the centered case).

      

    

  
    
      Fig. C.3 
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        Retrieved normalized posterior distributions of model parameters for the 20 noise realizations. The posteriors of the individual noise realizations are plotted in light gray. The more posteriors overlap, the darker the gray becomes. The green dash-dotted line marks the mean, the blue dashed line the median of the posteriors for the different noise realizations. The posteriors found in the retrieval on the nonrandomized spectrum are plotted in solid red. The dotted line marks the true value for the Earth-twin atmosphere. Absence of the dotted line indicates that the species were not present in the atmosphere used to generate the input spectrum.

      

    

  
    
      Table D.3 

      Retrieval results for the 4-18.5 µm wavelength range for the nominal case.

      
        


	
	
	R=20
	R=35



	Parameter
	Input
	S/N=5
	S/N=10
	S/N=15
	S/N=20
	S/N=5
	S/N=10
	S/N=15
	S/N=20
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	R=50
	
	
	R=100
	



	Parameter
	Input
	S/N=5
	S/N=10
	S/N=15
	S/N=20
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Notes. Here, L(·) stands for log10(·).




    

  
    
      Table D.4 

      Retrieval results for the 4-18.5 µm wavelength range for the optimized case.

      
        


	
	
	R=20
	R=35



	Parameter
	Input
	S/N=5
	S/N=10
	S/N=15
	S/N=20
	S/N=5
	S/N=10
	S/N=15
	S/N=20
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	Parameter
	Input
	S/N=5
	S/N=10
	S/N=15
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Notes. Here, L(·) stands for log10(·).




    

  
    
      Table D.5 

      Retrieval results for the 6–17 µm wavelength range for the nominal case.

      
        


	
	
	R=20
	R=35



	Parameter
	Input
	S/N=5
	S/N=10
	S/N=15
	S/N=20
	S/N=5
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	S/N=15
	S/N=20





	[image: equation]
	1.14
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	a3
	23.12
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	a2
	99.70
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	a1
	146.63
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	a0
	285.22
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	




	L (P0[bar])
	0.006
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	R [R⊕]
	1.0
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	L (M [M⊕])
	0.0
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	




	L(N2)
	−0.107
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	L(O2)
	−0.679
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	L(H2O)
	−3.000
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	L(CO2)
	−3.387
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	L(CH4)
	−5.770
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	L(O3)
	−6.523
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	L(CO)
	−6.903
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	L(N2O)
	−6.495
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]





        


	
	
	R=50
	R=100



	Parameter
	Input
	S/N=5
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Notes. Here, L(·) stands for log10(·).
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