
    
      Fig. 3 
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        Modeled planetary emission spectra (left panels) and the corresponding T–p profiles with volume mixing ratios (VMRs, right panels). We used different T–p profiles for the two species and computed the VMRs assuming equilibrium chemistry with solar elemental abundances. The upper and the lower panels refer to TiO and Fe, respectively. The CARMENES wavelength range is shaded in pink; the HARPS-N wavelength range is shaded in green; the ranges overlap. The spectral lines are stronger in the CARMENES range when compared to HARPS-N. A different scaling is applied to the planet-to-star flux contrast ratio on the y-axis of the spectra. The spectral lines of Fe are stronger when compared with the TiO model spectrum.

      

    

  
    
      Fig. 5 
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        CCF maps from CARMENES aligned to the rest frame consistent with the maximum Kp values (i.e., 248.0 km s−1 for TiO and 228.0 km s−1 for Fe; see Fig. 6). We indicate the TiO signature with the vertical dashed lines. The two horizontal dashed lines indicate the beginning and end of the secondary eclipse. We masked the phase interval where the TiO signal is below the noise level (see Sect. 5.2). Also the radial velocity domain of residual stellar Fe lines was masked (see Sect. 4.2). The wider Fe trail when compared to TiO is likely caused by a different degree of rotational broadening, which hints at a global distribution of Fe and localized TiO in the atmosphere of WASP-33b.

      

    

  
    
      Fig. 7 
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        Detection of Fe with HARPS-N. Panel a: CCF map in the planetary rest frame (aligned using Kp = 225.0 km s−1). The vertical trail indicated with white lines is the planetary Fe signal. The two horizontal dashed lines indicate the beginning and end of secondary eclipse. Panel b: signal-to-noise ratio map. The peak coordinates in the S/N map are indicated bythe yellow dashed lines. Cross-sections of the S/N map are shown in the horizontal and vertical panels.

      

    

  
    
      Fig. 10 
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        S/N maps of Fe for ESPaDOnS (left panel) and a combination of all instruments (CARMENES, HARPS-N and ESPaDOnS; right panel). The detection significance peaks in both cases at Kp = 225.0 km s−1 and Δv = 0.0 km s−1 with a S/N value of 6.2 and 7.3, respectively. The peak coordinates in the S/N maps are indicated by the yellow dashed lines; cross-sections of the S/N peaks are reported in the horizontal and vertical panels.

      

    

  
    
      Fig. A.1 
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        CCFs between the TiO transmission model and the high-resolution spectrum of Barnard’s star for CARMENES. The x-axis represents the radial velocity offset from the stellar rest frame; the y-axis measures the CCF in units of standard deviation. The yellow and green shaded panels indicate the spectral orders with a CCF peak greater than three and five standard deviations, respectively. Red shaded panels represent spectral orders not showing any correlation.

      

    

  
    
      Fig. A.2 
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        Same as Fig. A.1, but for wavelength segments (cf. Sect. 3.1) of HARPS-N.

      

    

  
    
      Fig. B.1 
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        Strength of the injected TiO model spectrum. The x-axis represents the number of consecutive SYSREM iterations; the y-axis measures the S/N detection strength of the injected model spectrum. Each panel is labeled with the number of the corresponding spectral order. Data points marked with green stars ([image: equation]) correspond to a detection, red circles ([image: equation]) to a non-detection of the injected model. The horizontal gray line corresponds to S/N = 3. We consider a spectral order to be good, if the injected model spectrum is detected at S/N > 3 for at least one specific number of SYSREM iterations. Spectral orders shaded with green are considered to be good orders, orders shaded with red to be bad orders. Although we got detections of the injected model in orders 50 and 51, we observed a strong enhancement of noise the in the final S/N detection map if we included them (cf. Sect. 4.4). We concluded that these orders have an increased noise level and excluded them from the list of good orders.

      

    

  
    
      Fig. B.2 
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        Same as Fig. B.1, but for wavelength segments (cf. Sect. 3.1) of HARPS-N. We retrieved the injected model planet spectrum only in one segment.

      

    

  
    
      Fig. C.1 
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        Comparison between the CCF widths of the detection peaks of TiO and Fe. The Fe signal is broader when compared to TiO. The observed CCFs are represented by the gray circles ([image: equation]). The Gaussian fit functions are presented by the thick solid lines with different colors denoting different instruments. Red ([image: equation]): CARMENES; green ([image: equation]): HARPS-N; blue ([image: equation]): ESPaDOnS; black ([image: equation]): Combined signal of CARMENES, HARPS-N, ESPaDOnS.

      

    

  
    
      Fig. C.2 
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        S/N maps of Fe obtained by using a non-inverted T–p profile for cross-correlation (Nugroho et al. 2017). Panel a: anticorrelation signal of Fe in the CARMENES data (S/N = −4.3); panel b: anticorrelation with the HARPS-N data (S/N = −4.6). The coordinates of the negative S/N peaks are indicated by the yellow dashed lines. The cross-sections of the negative S/N peaks are reported in the horizontal and vertical panels. Each S/N map corresponds to the SYSREM iteration number that maximizes the detection strength in Sects. 5.1 and 5.2.

      

    

  
    
      Fig. C.6 
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        S/N maps of TiO from the ESPaDOnS observations. Panel a represents the S/N map of all spectra; panel b: S/N map of the pre-eclipse TiO signature. The expected orbital parameters are indicated by the yellow dashed lines. A weak TiO signal is located close to the orbital parameters found with CARMENES, which is indicated with a red star ([image: equation]). Only the spectra before eclipse contribute to the signal. The x-axis is presented in the systemic rest frame (vsys) in order to be consistent with Herman et al. (2020).
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