
    
      Fig. 3 
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        Model spectra and S/N maps of the neutral chemical species investigated. Left panels: normalized model spectra of the detected species. The presented interval 3700–17 100 Å corresponds to the combined wavelength coverage of the instruments used. Right panels: S/N maps of the neutral species that we searched for. For each species, the S/N map corresponds to the specific SYSREM iteration that maximizes the detection. The detection peaks are indicated by the yellow dash-dotted lines.

      

    

  
    
      Fig. 5 
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        Example CCF maps from CARMENES VIS data. The RV region between ±vrot sini* is indicated by the yellow dash-dotted lines. In the top panel this region is dominated by artifacts from residual stellar Fe i lines. Stellar artifacts are absent in the CCF map of Ti i in the bottom panel. The in-eclipse CCFs are masked in both panels.

      

    

  
    
      Fig. 7 
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        S/N maps of injection-recovery tests for V ii and Fe ii. The position of the injected signal is indicated by the yellow dash-dotted lines. The injected V ii signal cannot be detected, and that of Fe ii causes a negligible peak in the S/N map. We conclude that the two species are not detectable even if they are present in the planetary atmosphere, given that the injected signals are poorly recovered.

      

    

  
    
      Table 4 

      Summary of instrument-specific results from cross-correlation.

      
        


	Instrument
	S/N
	Kp (km s−1)
	∆v (km s−1)
	SYSREM iteration





	CARMENES VIS
	5.9
	[image: equation]
	[image: equation]
	2



	CARMENES NIR
	6.4
	[image: equation]
	[image: equation]
	7



	HARPS-N
	6.7
	[image: equation]
	[image: equation]
	3



	ESPaDOnS
	6.7
	[image: equation]
	[image: equation]
	4





      

      
Notes. We used the spectral lines of all the detected chemical species (i.e., Ti i, V i, OH, Fe i, Si i, and Ti ii).




    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Instrument-specific S/N maps including all the detected chemical species (i.e., Ti i, V i, OH, Fe i, Si i, and Ti ii). The orbital parameters and the optimal number of SYSREM iterations from this analysis are used for aligning the spectra. The detection peaks are indicated by the yellow dash-dotted lines.

      

    

  
    
      Table 5 

      Atmospheric retrieval results on WASP-33b.

      
        


	Parameter
	All spectra
	Close to eclipse
	Far from eclipse
	Fe i
	Ti i + Ti ii
	VI
	Unit





	T1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	K



	log p1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	log bar



	T2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	K



	log p2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	log bar



	[M/H]
	[image: equation]
	[image: equation]
	[image: equation]
	1.49 (fixed)
	1.49 (fixed)
	1.49 (fixed)
	dex



	vbroad
	1.9 ± 0.3
	[image: equation]
	[image: equation]
	[image: equation]
	1.6 ± 0.8
	[image: equation]
	km s−1



	




	βCV
	0.841 ± 0.002
	0.842 ± 0.002
	0.842 ± 0.002
	0.842 ± 0.002
	0.842 ± 0.002
	0.844 ± 0.002
	…



	βCN
	0.641 ± 0.002
	0.639 ± 0.002
	[image: equation]
	0.641 ± 0.002
	0.641 ± 0.002
	0.640 ± 0.002
	…



	βH
	0.795 ± 0.001
	0.800 ± 0.001
	0.789 ± 0.001
	0.795 ± 0.001
	0.795 ± 0.001
	0.798 ± 0.001
	…



	βE
	1.122 ± 0.002
	1.101 ± 0.002
	1.155 ± 0.002
	1.122 ± 0.002
	1.122 ± 0.002
	1.124 ± 0.002
	…





      

      
Notes. In total, we ran six different retrievals. Three retrievals were performed with the spectral lines of all the detected species (i.e., Ti i, V i, OH, Fe i, Si i, and Ti ii). We used (i) all the spectra, (ii) a subset of spectra at orbital phases close to the secondary eclipse, and (iii) a subset of spectra far from the secondary eclipse. Another three retrievals were performed by including all the spectra, but only with the emission lines of (iv) Fe i, (v) Ti i + Ti ii combined, and (vi) V i, respectively. We conducted the retrievals by using uniform priors with the boundaries as follows. T1 and T2: 1000–6000 K; p1 and p2: 10−7 to 1 bar; [M/H]: −3 to 3 dex; vbroad: 0–10km s−1; βCV, βCN, βH, and βE: 0–3.




    

  
    
      Fig. 11 
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        Temperature curves from the retrievals including all the detected chemical species and orbital phase coverage. Left panel: median of the sampled temperature profiles with the 1σ interval. The dark blue line indicates the temperature profile computed using all the spectra outside the RV interval ±vrotsini*. We also measured the temperature profiles by running the retrieval on two subsets of the spectral time series. The T-p profile inferred from the spectra far from secondary eclipse is indicated in pink, while that inferred from the spectra close to eclipse is in light blue. Right panel: orbital phase intervals used to compute the different T-p profiles (orbital phases in the RV range ±vrotsini* in transparent dark blue).

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Comparison between model spectra including (top panel) and not including (middle panel) H− opacity. We used the emission lines of all the detected chemical species (i.e., Ti i, V i, OH, Fe i, Si i, and Ti ii). The difference between the models is insignificant (bottom panel). Therefore, including H− in the calculations would not affect our results significantly.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        T-p profiles retrieved with the lines from individual chemical species and VMRs as a function of temperature. Top panel: temperature profiles retrieved from the Ti i and Ti ii, V i, and Fe i emission lines. We report the median of the sampled temperature profiles and the 1σ interval. Bottom panel: chemical equilibrium VMRs of Ti i, Ti ii, V i, V ii, Fe i, and Fe ii as a function of temperature. We set [M/H] to the retrieved value of 1.49 dex; the pressure is set to 10−4 bar. Ti and V are expected to undergo stronger ionization than Fe.

      

    

  
    
      Fig. A.1 
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        Posterior distributions of the atmospheric parameters from our retrieval. We used the emission lines of all the detected species (i.e., Ti i, V i, OH, Fe i, Si i, and Ti ii).

      

    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
        Posterior distributions of vbroad from simulated data with different noise levels. The noise level corresponds to that of the observed spectra multiplied by the factor that is reported at the top of each panel. The simulated broadening of 2 km s−1 can be retrieved for noise levels up to ten times that of the simulated observation data. The median and 1σ percentiles of the distributions that retrieve the simulated line broadening are indicated by the dashed vertical lines.

      

    

  
    
      Fig. A.3 
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        Same as Fig. A.1, but considering only the spectra close to the secondary eclipse.

      

    

  
    
      Fig. A.7 
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        Same as Fig. A.1, but computed with the opacities from V i only. The metallicity was fixed to [M/H] = 1.49 dex.
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