
    
      Table 2 

      Molecfit parameters used for telluric correction.

      
        


	Parameter
	Value
	Description





	ftol
	10−9
	χ2 tolerance



	xtol
	10−9
	Tolerance for the molecfit fitted variables



	fit_cont
	1
	Continuum fitting flag



	cont_n
	3
	Degree of polynomial continuum



	fit_res_gauss
	1
	Gaussian kernel



	res_gauss
	3.5
	Kernel size (in pixels)



	kernfac
	6.0
	Kernel size measured in units of the kernel FWHM



	list_molec
	H2O, O2
	Molecules to be synthesized





      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        RM effect fit using the GP+PyAstronomy package on the ESPRESSO RVs taken from the spectrum headers. Top panel: RV curve with Kepler motion and red noise removed, showing the RM effect of WASP-85Ab of the three transits represented by the red, green, and blue circles with error bars. The best-fit model using the PyAstronomy package is shown in the solid line. Bottom panel: residuals between the data and the model predictions.

      

    

  
    
      Table 4 

      Physical and orbit parameters of the WASP-85 system.

      
        


	Description
	Symbol
	Value





	Stellar parameters
	
	



	




	V magnitude
	mv
	11.2 ± 0.011 mag



	Effective temp
	Teff
	6112 ± 27 K



	Surface gravity
	log ɡ⋆
	4. 48 ± 0. 11 cgs



	Metallicity
	[Fe/H]
	0.00 ± 0.05 dex



	Stellar mass
	M⋆
	1.09 ± 0.08 M⊙



	Stellar radius
	R⋆
	0.935 ± 0.0023 R⊙



	Right ascension
	RA
	11h43m38.01s



	Declination
	Dec
	+06° 33′ 49.4″



	




	Planet parameter
	
	



	




	Planet mass
	Mp
	1.265 ± 0.065 MJup



	Planet radius
	Rp
	1.24 ± 0.03 RJup



	Planet density
	ρ
	0.660 ± 0.020 g cm−3



	Eequilibrium temp
	Teq
	1452 ± 6 K



	Radius ratio
	Rp/R⋆
	0.0187 ± 0.00002



	




	Orbit parameters
	
	



	




	Epoch-2450000
	Tc
	6847.472856 ± 0.000014 BJD



	Semi-amplitude(1)
	K⋆
	173.3 ± 1.8 m s−1



	Period
	P
	2.6556777 ± 0.00000044 d



	Transit duration
	T14
	0.10817 ± 0.00002 d



	ingress duration
	T12
	0.013037 ± 0.000002 d



	Semi-major axis
	a
	0.039 ± 0.001 AU



	inclination
	i
	[image: equation]





      

      
References. (1)Močnik et al. (2016), Brown et al. (2014).




    

  
    
      Table 5 

      Parameters derived from the RV curve fitting.

      
        


	Description
	Symbol
	Prior
	Posterior





	Projected spin-orbit angle
	λ
	U(−50, 50)
	[image: equation]



	Linear limb dark coefficient
	∈
	U(0.5, 1)
	[image: equation]



	Projected stellar rotation velocity
	Ω
	U(3e−6, 1e−5)
	[image: equation]



	Inclination of stellar rotation axis
	i⋆
	U(70, 110)
	[image: equation]





      

      
Notes. U(a,b) represents a uniform distribution with a low and high limit of a and b, respectively.




    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Example showing the wiggle pattern in one transmission spectrum taken in T2 in blue, the fitted model in red, and the wiggle-corrected spectrum in green.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Phase-resolved 2D transmission spectra based on the combination of three nights around the Hα line without and with RM+CLV correction applied in the left panel. The horizontal black-dashed lines indicate the beginning and end of the transit. The inclined black-dashed line presents the expected trace of signal from the exoplanet atmosphere. The in-transit part of this line is not plotted so as not to interfere with the visibility of the trace signal. The middle panel shows the 2D transmission spectra in the planetary rest frame (PRF) assuming Kp = 159.76 km s−1, and the vertical black-dashed lines indicate the position of expected signal from the exoplanet atmosphere in the PRF. The right panel shows the combined integrated transmission spectrum of Hα. The grey line represents the transmission spectra in the PRF that has been corrected for the CLV+RM effects, the black dotted line is the binned version with a bin size 0.1 Å, while the best Gaussian fit of the Hα line is shown in red. The dashed green vertical line represents the static position of Hα at vacuum wavelength.

      

    

  
    
      Table 6 

      Derived parameters of the atomic lines from the three-night combined transmission spectrum.

      
        


	Line
	λ [nm]
	h [%]
	Vwind [km s−1]
	FWHM [km s−1]
	Rλ [Rp]





	Ca II K
	393.478
	2.283 ± 0.389
	8.536 ± 2.528
	28.584± 6.144
	1.512± 0.145



	Ca II K (masked)
	–
	1.769 ± 0.372
	8.952 ± 3.359
	30.705± 8.180
	1.413 ± 0.148



	Ca II H
	396.959
	2.410 ± 0.476
	−4.201 ± 2.378
	23.646 ± 5.713
	1.535 ± 0.175



	Ca II H (masked)
	–
	1.729 ± 0.497
	−3.495 ± 3.105
	21.294 ± 7.458
	1.405± 0.199



	Mg I
	457.238
	≤0.017 ± 0.035
	–
	–
	≤ 1.005 ± 0.01



	Hβ
	486.271
	≤0.050 ± 0.010
	–
	–
	≤1.014 ± 0.006



	Na I D2(a)
	589.158
	≤0.069 ± 0.073
	–
	–
	≤1.019 ± 0.040



	Na I D1
	589.756
	≤ 0. 067 ± 0.077
	–
	–
	≤1.018 ± 0.043



	Hα
	656.461
	0.341 ± 0.120
	−1.786 ± 3.098
	18.890 ± 7.109
	1.091 ± 0.060



	Hα (masked)
	–
	0.350 ± 0.14
	−3. 025 ± 2. 431
	12.899 ± 5.659
	1.096 ± 0.072



	L II
	670.961
	0.089± 0.033
	4.223 ± 6.167
	33.951± 14.425
	1.025± 0.018



	Li I (masked)
	–
	0.080 ± 0.031
	5.554 ± 6.514
	38.307 ± 15.243
	1. 025 ± 0. 017





      

      
Notes. The line center wavelength is in vacuum, the depth of absorption line h, the Doppler shift of line center Vwind, line width (FWHM) and the effective planetary radius, Rλ.(a)The Na I D2 measurement is obtained on the transmission spectra generated from only the T2 and T3 data.




    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        CCF results derived by cross-correlating the template spectra produced by petitRADTRANS with the observed transmission spectra. First panels: 2D CCF maps of Li I, Na I, Ca I, K I, Cr I, and Fe I with CLV+RM effects uncorrected. The white dotted lines mark the beginning and ending position of the transit, and the inclined white lines indicate the expected trace of signal from the planet. Second panels: same as the first panels but with CLV+RM effects corrected. Third panels: Kp-ΔVsys maps in the range of −50 ∼ 350 km s−1. The signal is expected to appear around the intersection of two white dotted lines. Fourth panels: S/N plots at the expected Kp position.

      

    

  
    
      Table 7 

      Number of lines used in the CCF calculations and upper limits derived for the investigated species.

      
        


	Species
	Number of lines
	Detection limits





	Mg I
	6
	527.3 ppm



	L II
	8
	323.9 ppm



	Fe I
	34
	341.8 ppm



	Cr I
	45
	264.1 ppm



	K I
	53
	364.2 ppm



	Y I
	99
	283.8 ppm



	V I
	154
	301.6 ppm



	Ti I
	159
	377.1 ppm



	TiO
	7832
	27.6 ppm



	VO
	8280
	22.3 ppm





      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Effect of a telluric correction using Molecfit software in the observed spectrum of WASP-85Ab on the night of 2021 Feb 13 (T1) for single exposure. The observed spectrum is shown in blue line and the spectrum after telluric correction is shown in orange line. The dashed green vertical line represent the static position of atom spectral line at vacuum wavelength. Top panel: Telluric correction of spectral line around Na D1 & D2 lines. Bottom panel: Telluric correction of spectral line around the Hα lines.

      

    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
        Posterior distribution of the best-fit RM model using PyAstronomy and GP.

      

    

  
    
      Fig. A.3 

      
        [image: thumbnail]
      

      
        Same as Fig. 5,but for Na I, Mg I, Hβ, Li I, Ca II H, and Ca II K.

      

    

  
    
      Fig. A.4 

      
        [image: thumbnail]
      

      
        Masked phase-resolved 2D transmission spectra based on the combination of three nights for Hα, Li I, Ca II H, and Ca II K lines with RM+CLV correction applied in the left panel. The horizontal black-dashed lines indicate the beginning and end of the transit. The inclined black-dashed line presents the expected trace of signal from the exoplanet atmosphere. The middle panels show the 2D transmission spectra in the planetary rest frame (PRF) assuming Kp = 159.76 km s−1. In the right panels, the integrated transmission spectra in PRF with the CLV+RM effects corrected are shown in grey (original) and black (binned) and the best Gaussian fit are shown in red. The dashed green vertical line represents the static position of each line at vacuum wavelength.

      

    

  
    
      Fig. A.5 

      
        [image: thumbnail]
      

      
        Transmission spectra of Na I, Mg I, Hα, and Hβ for each night. Left (T1), middle (T2), and right (T3). The grey line represents the raw transmission spectra in the PRF which has been corrected for CLV+RM effects, The black dotted line represents the binned spectra of 0.1 Å and the Gaussian fitting is shown in red line. The dashed green vertical line represent the static position of atom individual line at vacuum wavelength.

      

    

  
    
      Fig. A.6 

      
        [image: thumbnail]
      

      
        Same as Fig A.5, but for Ca II H,Ca II K, and Li I.

      

    

  
    
      Fig. A.7 

      
        [image: thumbnail]
      

      
        Na I D2 absorption line shown in the raw data image of T1 appears to be contaminated by two bright spikes which leads to the abnormal flux around Na I D2 line (left). Plot of the abnormal counts of no sky-subtracted flux colored in blue and sky-subtracted flux shown in red (right).
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