
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Synthetic transmission spectra computed with PetitRadtrans and FastChem used as templates for the cross-correlation analysis. They are computed for TOI-1518 b parameters, assuming a temperature of 2500 K. The wavelength coverage of MAROON-X used in this study is represented with blue (blue detector, 490–670 nm) and red (red detector, 640–920 nm) lines. Ions and alkalines have few very strong lines, while other metals are composed of line forests. Molecules also have forests of spectral lines grouped in distinct absorption bands. Except for the Ca+ lines, the other metals present strong signals in the range of the blue detector of MAROON-X, where few telluric lines are present. At 2500 K, the Fe+ and Cr+ lines are smaller than the others and are not visible in this plot.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Cross-correlation maps for Fe in planetary rest frame. The dashed yellow lines of the left panel represent the trace of the planetary signal at the expected Kp − Vres. The dashed yellow line of the right panel represents the position of the planetary signal if the atmosphere is static. The dashed white line represents the ingress part if the transit where we cannot distinguish the planetary signal (positive signal near 0 km/s) and the Doppler shadow (negative and positive signal diagonally from −130 to 0 km/s).

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Upper panel: CCF map of TOI-1518 b for six different species. Lower panel: position of maximum Gaussian fit of the CCF maps of the upper panel. The dashed yellow line of the left panel represents the expected position of the atmospheric track in the case of a static and homogeneous atmosphere.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Importance of impact parameter b with examples for b=0 on the top row and b =0.9 on the lower row. On the left, the CCF maps of the injected models within blue dashed lines and the Gaussian fit applied similarly to the data (Fig. 6). On the right, the illuminated part of the limb during the first and second half of the transit is represented in a vertical slice and shown to scale.

      

    

  
    
      Table 4 

      Overview of some parameters of the GCMs described in Sect. 4.1.

      
        


	Parameter
	Value





	Orbital Period
	1.6442 × 105 s (1.903 days)



	Pressure range
	200−2 × 10−6 bars



	Radius at bottom
	1.3405 × 108 m (1.875 RJup)



	Gravity
	10.56 m/s2



	Horizontal resolution
	C32



	Vertical resolution
	53 layers



	Metallicity and C/O
	1 × solar



	H/H2 heat transport
	✔



	Drag timescale
	{∞, 103s, 104s, 105s, 106s}



	Radiative transfer
	Non-grey (see Kataria et al. 2013)





      

      
Notes. See Fig. 9 for plots of the equatorial plane of each model and Fig. 10 for the limb planes.




    

  
    
      Fig. 11 
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        Same as Fig. 6, but with results of Gaussian fit for different models from “no drag effect” to “strong drag effect”. In the central panel, the illuminated fraction of the planetary limb as a function of the orbital phase is represented by a dashed yellow line.

      

    

  
    
      Fig. 12 
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        Same as Fig. 11, but with results of Gaussian fit for Fe+ compared to models.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Same as lower panel of Fig. 7, but with results of Gaussian fit for stronger drag models included.

      

    

  
    
      Table 5 

      Parameters and corresponding priors used in retrieval analysis with CHIMERA for the study of TOI-1518 b.

      
        


	Parameter
	Description
	Prior





	T0
	Isothermal temperature
	1500–4500 K



	xRp
	Scaled radius of the planet
	0.5–1.5



	Mp
	Mass of the planet
	0.5–2.3



	log10(Pc)
	Continuum
	−6–0



	Kp
	Planet Orbital velocity
	100–300 km/s



	Vsys
	Systemic Velocity
	−100–100 km/s



	log10(a)
	Model scaling factor
	−2–2



	log10(H-)
	Continuum
	−12–0



	log10(χi)
	log gas volume mixing ratio
	−12–1.5





      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Histograms of measured abundances of different elements in TOI-1518 b’s atmosphere. The proto-solar value of each element is represented by dashed lines (from Lodders 2019).

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Likelihood distributions for temperature, Kp, Vres, and log 10 VO derived from the multi-species retrieval (in red) and from retrieval with only VO inside (in blue).

      

    

  
    
      Table A.1 

      SOPHIE measurements of the planet-host star TOI-1518

      
        


	BJD UTC
	RV
	± 1 σ
	exp.
	SNR per pix



	-2 460 000
	(km/s)
	(km/s)
	(sec)
	at 550 nm





	287.28150
	−11.64
	0.11
	1010
	46.3



	294.30716
	−11.89
	0.14
	543
	46.7



	295.25968
	−11.30
	0.13
	284
	46.6



	296.31131
	−11.68
	0.12
	268
	46.9



	297.29585
	−11.46
	0.12
	271
	46.6



	298.23770
	−11.60
	0.12
	233
	46.5



	300.28312
	−12.12
	0.13
	803
	41.6



	302.22014
	−12.21
	0.13
	662
	46.4



	323.26383
	−11.88
	0.13
	452
	47.1



	334.29677
	−11.92
	0.16
	904
	35.6



	335.24376
	−11.60
	0.12
	593
	46.6



	336.24214
	−12.10
	0.12
	530
	46.9



	337.23923
	−11.52
	0.12
	237
	46.7



	339.25846
	−11.46
	0.11
	407
	47.3





      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Radial velocities of TOI-1518 as a function of the planetary orbital phase (left) and time (right). SOPHIE (Table A.1) and FIES (Cabot et al. 2021) measurements are plotted in green and black, respectively, together with their 1−σ error bars. The fitted Keplerian orbit (Table A.2) is overplotted in red. The bottom panels show the residuals.

      

    

  
    
      Table A.2 

      Median values and 68% confidence interval for the TOI-1518 system.

      
        


	Parameter
	Units
	Values





	Stellar Parameters:
	
	TOI-1518
	



	M*..
	Mass (M⊙).............
	[image: equation]
	



	R*..
	Radius (R⊙).............
	1.942 ± 0.043
	



	L*..
	Luminosity (L⊙)...........
	[image: equation]
	



	ρ*..
	Density (cgs)............
	[image: equation]
	



	log g.
	Surface gravity (cgs).........
	4.136 ± 0.011
	



	Teff.
	Effective Temperature (K)......
	[image: equation]
	



	[Fe/H]
	Metallicity (dex)..........
	−0.10 ± 0.12
	



	Planetary Parameters:
	
	TOI-1518b
	



	P..
	Period (days)............
	1.90261131 ± 0.00000043
	



	RP..
	Radius (RJup)............
	1.878 ± 0.042
	



	MP.
	Mass (MJup)............
	1.83 ± 0.47
	



	TT..
	Time of transit (BJD TDB).......
	2458787.04943 ± 0.00028
	



	T0..
	Optimal conjunction Time (BJD TDB).
	2459983.791942 ± 0.000066
	



	a..
	Semi-major axis (AU)........
	0.03712 ± 0.00082
	



	i...
	Inclination (degrees).........
	77.626 ± 0.097
	



	Teq.
	Equilibrium temperature (K).....
	[image: equation]
	



	τcirc.
	Tidal circularization timescale (Gyr).
	0.0059 ± 0.0015
	



	K..
	RV semi-amplitude (m/s)......
	[image: equation]
	



	RP/R*.
	Radius of planet in stellar radii....
	[image: equation]
	



	a/R*..
	Semi-major axis in stellar radii....
	[image: equation]
	



	δ..
	Transit depth (fraction).......
	0.00988 ± 0.00010
	



	Depth
	Flux decrement at mid transit....
	0.00988 ± 0.00010
	



	τ..
	Ingress/egress transit duration (days).
	[image: equation]
	



	T14.
	Total transit duration (days).....
	[image: equation]
	



	TFWHM
	FWHM transit duration (days)....
	[image: equation]
	



	b..
	Transit Impact parameter......
	[image: equation]
	



	δS, 2.5 μm
	Blackbody eclipse depth at 2.5 μm (ppm)
	1378 ± 24
	



	δS, 5.0 μm
	Blackbody eclipse depth at 5.0 μm (ppm)
	[image: equation]
	



	δS, 7.5 μm
	Blackbody eclipse depth at 7.5 μm (ppm)
	[image: equation]
	



	ρP..
	Density (cgs)............
	[image: equation]
	



	log gP
	Surface gravity...........
	[image: equation]
	



	Θ..
	Safronov Number..........
	[image: equation]
	



	〈 F 〉..
	Incident Flux (109 erg s−1 cm−2)...
	[image: equation]
	



	TS..
	Time of eclipse (BJDTDB)......
	2458788.00074 ± 0.00028
	



	TA..
	Time of Ascending Node (BJDTDB)..
	2458788.47639 ± 0.00028
	



	TD..
	Time of Descending Node (BJD TDB).
	2458787.52509 ± 0.00028
	



	MP/M*.
	Mass ratio.............
	0.00093 ± 0.00024
	



	d/R*..
	Separation at mid transit.......
	[image: equation]
	



	PT..
	A priori non-grazing transit prob...
	[image: equation]
	



	PT, G.
	A priori transit prob.........
	0.2676 ± 0.0013
	



	Wavelength Parameters:
	
	TESS
	



	u1..
	linear limb-darkening coeff.....
	[image: equation]
	



	u2..
	quadratic limb-darkening coeff....
	0.326 ± 0.035
	



	Telescope Parameters:
	
	FIES
	SOPHIE



	γrel.
	Relative RV Offset (m/s).......
	[image: equation]
	[image: equation]



	σJ..
	RV Jitter (m/s)...........
	[image: equation]
	[image: equation]



	σJ2..
	RV Jitter Variance.........
	[image: equation]
	[image: equation]



	Transit Parameters:
	
	TESS long cadence
	TESS short cadence



	σ2..
	Added Variance..........
	[image: equation]
	[image: equation]



	F0..
	Baseline flux............
	1.0017 ± 0.0044
	[image: equation]





      

      
Notes. See Table 3 in Eastman et al. (2019) for a detailed description of all parameters.





    

  
    
      Fig. B.3 

      
        [image: thumbnail]
      

      
        Trails of Fe+ and Mg with contamination from Mg in Fe+ trail and Fe+ in Mg trail due to the proximity of a strong Fe+ feature in the Mg triplet.

      

    

  
    
      Fig. B.6 

      
        [image: thumbnail]
      

      
        Same as lower panel of Fig. 7 but with the results of the Gaussian fit for the study with and without PCA.

      

    

  
    
      Fig. B.7 

      
        [image: thumbnail]
      

      
        Comparison of the S/N level obtained as function of number of PCA components with different boxes used for the calculation of the standard deviation of the Fe Kp − Vres map.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Same as figure 9 with Na and Mg abundances.

      

    

  
    
      Fig. D.1 

      
        [image: thumbnail]
      

      
        Corner plot of the single species retrieval with only VO

      

    

  
    
      Fig. D.2 

      
        [image: thumbnail]
      

      
        Corner plot of the full retrieval analysis
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