
    
      Fig. 1 
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        Binary masks (left scale) and telluric lines (right scale). Black bars represent the contrast (relative depths) of the stellar lines of the standard K2 binary mask BM1 used in the ESPRESSO pipeline. Red bars show the contrast of the newly added lines forming the mask BMc. TAPAS telluric H2O and O2 transmission spectra are shown in blue and green, respectively.

      

    

  
    
      Fig. 2 
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        Number of stellar lines per order from the standard BM1 (black) and the augmented binary mask BM2 = BMl +BMc (red) restricted to the lines used in our study that have a contrast of ≥0.2. For the red arm, the new mask contains 724 more lines than the 1060 lines of the original mask (Table 2).

      

    

  
    
      Fig. 3 
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        Illustration of the procedure used to determine the H2O column for each exposure (here exposure 0 and order 154) and the telluric H2O removal. The mask of stellar lines, i.e., the BMT, is shown as a black dashed lines. The data and adjusted TAPAS transmittance are shown in black and light blue, respectively. The division of the data by the fit is shown in green. The correction works for isolated telluric lines and also for blended telluric and stellar lines (e.g., at 7240 A; see Fig. 5).

      

    

  
    
      Table 1 

      Stellar mask for orders 130/131, 146/147, and 154/155.

      
        


	Order 130
	Order 146
	Order 154



	




	Beginning
	End
	Beginning
	End
	Beginning
	End





	6266.54
	6267.09
	6829.64
	6830.88
	7150.50
	7150.87



	6267.54
	6268.23
	6831.31
	6832.02
	7151.57
	7152.37



	6270.10
	6270.83
	6833.66
	6834.25
	7152.76
	7153.13



	6271.45
	6272.28
	6834.71
	6835.21
	7153.25
	7153.88



	6272.64
	6275.40
	6838.34
	6839.06
	7153.90
	7154.26



	6275.65
	6277.28
	6840.10
	6848.95
	7155.06
	7155.77



	6278.95
	6279.27
	6850.08
	6867.81
	7156.12
	7157.10



	6281.28
	6281.70
	6872.62
	6872.92
	7157.16
	7158.03



	6282.00
	6282.76
	6873.10
	6874.46
	7158.45
	7158.84



	6283.31
	6283.60
	6875.97
	6876.31
	7159.57
	7159.95



	6284.03
	6284.67
	6877.07
	6877.58
	7160.24
	7160.63



	6286.67
	6287.08
	6878.03
	6878.43
	7161.93
	7162.48



	6287.55
	6288.04
	6881.27
	6881.57
	7162.58
	7162.96



	6289.86
	6290.23
	6882.01
	6885.28
	7163.37
	7163.76



	6292.05
	6293.01
	6887.38
	6888.42
	7164.10
	7164.48



	6294.31
	6294.89
	6896.07
	6896.51
	7164.95
	7165.59



	6295.50
	6295.97
	6899.70
	6900.46
	7165.97
	7166.83



	6298.02
	6298.58
	6902.67
	6903.36
	7166.87
	7167.25



	6299.12
	6299.92
	6904.46
	6904.99
	7167.32
	7167.69



	6301.01
	6301.64
	6907.02
	6909.09
	7168.73
	7169.11



	6301.88
	6302.57
	6909.99
	6910.26
	7170.87
	7171.46



	6302.66
	6303.73
	6910.87
	6914.11
	7171.88
	7172.26



	6303.94
	6304.67
	6914.92
	6915.62
	7172.27
	7173.02



	6305.01
	6305.68
	6915.88
	6916.78
	7175.50
	7176.50



	6307.13
	6307.94
	6917.59
	6917.88
	7176.59
	7176.96



	6309.39
	6309.89
	6918.16
	6919.04
	7177.70
	7178.27



	6311.50
	6315.04
	6919.69
	6920.00
	7178.70
	7179.11



	6316.06
	6324.64
	6920.33
	6920.59
	7180.54
	7180.91



	6326.72
	6329.78
	6921.04
	6921.77
	7181.54
	7182.41



	6330.06
	6330.45
	6921.99
	6922.19
	7182.98
	7183.34



	6331.54
	6335.06
	6923.05
	6923.15
	7183.74
	7184.10



	6336.50
	6341.04
	6924.15
	6924.29
	7185.59
	7185.93



	6345.60
	6346.22
	6925.49
	6930.24
	7186.69
	7187.04



	6351.05
	6351.42
	
	
	7188.80
	7189.81





      

      
Notes. Wavelengths are in the stellar rest frame and in vacuum. For each order, the two limits of the masked region are listed.




    

  
    
      Fig. 5 
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        Zoom onto Fig. 3. Even stellar lines heavily contaminated by H2O lines may be kept for RV retrieval after correction from an adjusted telluric transmission. The BMT is shown as a black dashed lines.

      

    

  
    
      Fig. 6 
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        Comparison between the vertical column of water vapor adjusted through spectral fitting (black curve) and the column estimated from the infrared monitor at Paranal (in red) for the 200 consecutive exposures.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Comparison between the column of O2 adjusted through spectral fitting of the Β band and the γ band (black and red curves) and the air mass (green curve). The retrieved columns of O2 follow the air mass relatively well, which means that, unlike the H2O variations, there is no significant variation of the O2 vertical column.

      

    

  
    
      Fig. 8 
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        Spectral resolution as a function of pixel number based on the digitization of Fig. 11 of Pepe et al. (2021). Shown are three examples for three orders of the red arm.

      

    

  
    
      Table 2 

      Number of lines in the binary mask.

      
        


	Binary Mask
	BM1
	BMc
	BM2 = BM1+BMc





	All orders 40–169
	3654
	725
	4379



	Blue arm 40–89
	2594
	1
	2595



	Red arm 90–169
	1060
	724
	1784



	Red arm 90–163
	1050
	696
	1746





      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Adjustment of the two masks. The vertical blue line gives the wavelength position of the center of one stellar line of the observed spectrum, after telluric correction and stacking of all exposures. Its height is the contrast of the line (relative depth, 0.64). The red line represent the same line, back-shifted to account for the radial velocity Vrad0 of the star. The velocity Vrad0 was determined with the original mask BM1 and data from orders 92–115. As a result, the position of the red line coincides well (but not perfectly) with the corresponding line of the original BM1 mask (vertical bar, bottom).

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Same as Fig. 9 for order 146, which is heavily contaminated by deep, narrow lines of the O2 B band. The corrected spectrum exhibits conspicuous residuals (see text) at the location of the strongest absorption; however we were able to add 18 lines in the new mask in addition to the initial three lines.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Radial velocity of star HD40307 for order 130, which is contaminated by O2. The result with the standard binary mask BM1 before telluric correction is shown in red; the result with our new binary mask BM2 after telluric correction is shown in black. The average radial velocities of 31 372.4 and 31 384.2 m s−1 were subtracted from the series before and after correction, respectively.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Radial velocity of star HD40307 for order 116, which is contaminated by H2O. The result with the standard binary mask BM1 before telluric correction is shown in red; the result with our new binary mask BM2 after telluric correction is shown in black. The average radial velocities of 31 386.4 and 31 388 m s−1 were subtracted from the series before and after correction, respectively.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Radial velocity of star HD40307 for the extreme case of order 146, which is heavily contaminated by O2. The result with the standard binary mask BM1 before telluric correction is shown in red; the result with our new binary mask BM2 after telluric correction is shown in black. The average radial velocities of 31 386.4 and 31 388 m s−1 were subtracted from the series before and after correction, respectively.

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Radial velocity of star HD 40307 for orders from 90 to 163. The result with standard binary mask BM1 before telluric correction is shown in red; the result with our new binary mask BM2 after telluric correction is shown in black. The average radial velocities of 31 382.5 and 31 384.4 m s−1 were subtracted from the series before and after correction, respectively.

      

    

  
    
      Table 4 

      CCF statistical results.

      
        


	Used exposures
	0–199 No correction
	0–199 With correction
	0–99 With correction
	100–199 With correction





	Formal error err
	1.04
	0.78
	0.79
	0.78



	Red arm
	
	
	
	



	Formal error err
	1.15
	1.15
	1.21
	1.10



	Blue arm
	
	
	
	



	Formal error err
	0.77
	0.64
	0.65
	0.63



	Red + Blue arms
	
	
	
	



	Standard deviation Sdev
	2.83
	2.37
	2.50
	2.23



	Red arm
	
	
	
	



	Standard deviation Sdev
	5.78
	5.56
	4.13
	6.71



	Blue arm
	
	
	
	



	Standard deviation Sdev
	3.53
	2.59
	3.03
	3.97



	Red + blue arms
	
	
	
	





      

      
Notes. Units are m s−1.




    

  
    
      Fig. 16 
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        Radial velocity of star HD 40307 for orders from 40 to 163. The result with standard binary mask BM1 before telluric correction is shown in red; the result with our new binary mask BM2 after telluric correction is shown in black. The average radial velocities of 31 386.9 and 31 385.9 m s−1 were subtracted from the series before and after correction, respectively.

      

    

  
    
      Fig. 17 
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        Temporal and BLUE-RED dependence of the measured RV. Top blue graph: RV measurements from our processing after telluric correction restricted to blue orders. Top red graph: Same for the red orders. Bottom purple graph: Combination of blue and red orders above. Bottom black graph: RV measurements reported by Pepe et al. (2021).

      

    

  
    
      Fig. A.1 
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        Estimated uncertainty δVG based on the Gaussian fit for the red arm. The red and black curves show the uncertainty before and after telluric correction, respectively.

      

    

  
    
      Fig. A.3 

      
        [image: thumbnail]
      

      
        Comparison of estimated uncertainties: based on Gaussian fit of the CCF (δVG, in red) and on the quality factor for the CCF from Boisse et al. (2010), (δVQCCF, in black), for red and blue arms combined.
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