
    
      Fig. 2 
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        Illustration of the TDTM method. Panel a: segment of the VIS template spectrum of Wolf 294. The number Mk of exposure pixels that contribute to each template knot is color-coded. The red shaded wavelength ranges mark knots with Mk = 0. Panel b: one residual telluric spectrum Fn,i/S (λn,i) (black dots) after the division of the science spectrum by the template, and the best-fit telluric model (T(λn,i), green line) derived with molecfit. The red shaded wavelength ranges are excluded from the transmission model fit. Panel c: absolute residuals Fn,i/S(λn,i) – T(λn,i) of the fit. Panel d: CARMENES spectrum before (Fn,i, red line) and after (Fn,i/T(λn,i)) correction with the transmission model derived with molecfit (black line). Panel e: telluric free high S/N template spectrum of Wolf 294 (black line) built using 444 telluric absorption- corrected CARMENES observations. The order has a S/N of 2310.

      

    

  
    
      Table 1 

      molecfit fitting ranges used to calibrate the models for CARMENES VIS and NIR spectra.

      
        


	Channel
	Δλ (Å)
	Main absorber





	VIS
	5375–5530
	H2O



	VIS
	5650–6040
	H2O



	VIS
	6260–6620
	O2, H2O



	VIS
	6860–7450
	O2, H2O



	VIS
	7590–7740
	O2



	VIS
	7830–8600
	H2O



	VIS
	8800–9270
	H2O



	




	NIR
	9750–10 350
	H2O



	NIR
	10 600–11 000
	H2O



	NIR
	11 600–12 400
	H2O



	NIR
	12 400–13 100
	O2



	NIR
	15 110–15 400
	H2O



	NIR
	15 600–15 800
	CO2



	NIR
	15 900–16200
	CO2



	NIR
	16 350–16 660
	CH4



	NIR
	16 850–17 100
	CH4, H2O





      

    

  
    
      Fig. 3 
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        Measured Gaussian and Lorentzian FWHM components of hollow cathode emission lines as a function of wavelength for the VIS and NIR CARMENES spectrographs. The vertical gray line marks the cutoff wavelength at 6000 Å. The horizontal lines indicate median values of the Gaussian and Lorentzian FWHM components for the VIS (dashed lines) and NIR channel (dotted lines).

      

    

  
    
      Table 2 

      Median averaged Gaussian and Lorentzian FWHMs.

      
        


	Channel
	Number of lines
	wGauss (10−5Δλ/λc)
	wLorentz [10−5Δλ/λc]





	VIS
	218
	1.00
	0.28



	VIS (>6000Å)
	159
	1.01
	0.21



	NIR
	114
	1.18
	0.17





      

    

  
    
      Fig. 5 
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        Distribution of the S/N of a reference order for the VIS (order 70 around 8600 Å, left) and the NIR (order 52 around 10 500 Å, right). The vertical dashed lines indicate the median values at 438 in the VIS and 482 in the NIR.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Metrics for assessing the quality of the telluric correction. Top panel: residual standard deviation (cx) vs. line depth for a single Wolf 294 VIS (blue) and NIR (red) spectrum. Middle panel: median residual standard deviation ([image: equation]) vs. airmass for all Wolf 294 VIS and NIR spectra. Bottom panel: median [image: equation] for telluric water bands vs. precipitable water vapor for all Wolf 294 VIS and NIR spectra.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Evolution of the total masked wavelength fraction color-coded with the barycentric velocity for Wolf 294. The circles represent the VIS channel (bottom) and the triangles the NIR channel (top). The upper and lower dashed black lines mark the maximum and minimum limits of the total masked fraction in the optical wavelength range. The dotted red lines mark the same limits for the NIR wavelength range.

      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Approximation of the convolution function for the special case where a stellar line is blended by a telluric line (µs = µt). Upper panel: Artificial line profiles representing a stellar line (red line), a telluric line (dashed green line), and the instrumental line profile (dotted blue line, normalized for the sake of clarity). Middle panel: Left and right side of Eq. (A.1). Lower panel: Difference between the left and right side of Eq. (A.1) expressed by a − b. The dashed line indicates the limit set by the product of the line depths, [image: equation].

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Example of telluric line fits for the O2 band in a single Wolf 294 spectrum. The top panel displays the residual telluric spectrum (black dots) after dividing the science spectrum by the stellar template, and the best-fit telluric model (green dots) derived with molecfit. The subplots illustrate the individual telluric lines (top) and the residuals (bottom, black dots), with dashed red lines marking a 2% deviation between data and model. The standard deviation σ of the residuals is also shown in each subplot.

      

    

  
    
      Fig. B.2 
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        Same as Fig. B.1, but for the H2O band around 8 200 Å.

      

    

  
    
      Fig. B.3 
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        Same as Fig. B.1, but for a H2O band around 11 000 Å.

      

    

  
    
      Fig. B.4 
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        Same as Fig. B.1, but for a O2 band around 12 600 Å.

      

    

  
    
      Fig. B.5 
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        Same as Fig. B.1, but for a H2O band around 15 000 Å.
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