
    
      Table 1 

      Stellar parameters from SWEET-CAT catalogue used in this work.

      
        


	Parameter
	Symbol
	Units
	Value
	Source





	
	
	
	MASCARA-2
	



	Aliases
	
	
	HD 185603
	Simbad (1)



	
	
	
	TIC 69679391/TOI-1151
	



	




	Spectral type
	
	
	A2V
	Talens et al. (2018)



	Effective temperature
	Teff
	K
	[image: equation]
	Lund et al. (2017)



	Surface gravity
	log 𝑔
	log cm s−2
	4.31 ± 0.02
	Lund et al. (2017)



	Density
	ρ⋆
	gcm−3
	[image: equation]
	Lund et al. (2017)



	Metallicity
	[Fe/H]
	–
	−0.02 ± 0.07
	Lund et al. (2017)



	Projected rotational velocity
	υ sin i⋆
	km s−1
	116.23 ± 1.25
	Rainer et al. (2021)



	Stellar rotation period
	Prot
	days
	0.696 ± 0.027
	Lund et al. (2017)



	RV semi amplitude
	
	ms−1
	<322.51
	Casasayas-Barris et al. (2019)



	Stellar mass
	M⋆
	M⊙
	[image: equation]
	Talens et al. (2018)



	Stellar radius
	R⋆
	R⊙
	1.60 ± 0.06
	Talens et al. (2018)





      

      
Notes. (1)SIMBAD astronomical database from the Centre de Données astronomiques de Strasbourg, http://simbad.u-strasbg.fr/simbad/




    

  
    
      Table 2 

      Logbook of the CHEOPS observations of KELT-20.

      
        


	File-key(1)
	Visit
	Start time
	Duration
	No. frames(2)
	Efficiency(3)
	Rjct. pts.



	
	ID
	(UTC)
	(h)
	
	(%)
	





	CH_PR100016_TG014101_V0200
	1520194
	2021-06-25 12:43:51
	10.98
	747
	69.6
	78



	CH_PR100016_TG014102_V0200
	1533914
	2021-07-12 22:48:52
	11.22
	695
	64.2
	70



	CH_PR100016 TG014103_V0200
	1543424
	2021-07-29 07:02:51
	10.96
	747
	69.7
	69



	CH_PR100016_TG014104_V0200
	1566969
	2021-08-12 04:01:51
	10.98
	772
	71.5
	80



	CH_PR100016_TG014105_V0200
	1840687
	2022-07-02 05:59:52
	11.22
	682
	62.8
	78



	CH_PR100016_TG014106_V0200
	1850916
	2022-07-16 03:59:51
	10.87
	705
	66.6
	74



	CH_PR100016_TG014107_V0200
	1878526
	2022-08-09 11:37:51
	10.68
	684
	66.2
	71



	




	CH_PR110047_TG000401_V0200
	1532996
	2021-07-11 04:05:52
	11.0
	664
	62.8
	64



	CH_ PR110047_ TG000402_ V0200
	1532997
	2021-07-14 16:57:51
	9.8
	621
	64.8
	53



	CH_PR110047_TG001001_V0200
	1564166
	2021-08-11 10:50:51
	9.31
	612
	67.7
	63



	CH_PR110047_TG001002_V0200
	1580776
	2021-09-01 09:39:51
	9.28
	609
	67.1
	72



	CH_PR100020_TG000801_V0200
	1869414
	2022-07-28 08:48:49
	10.83
	716
	64.9
	79





      

      
Notes. The top seven are the occultation observations while the bottom five are the transits. (1)The file-key is the unique identifier associated with each CHEOPS visit.(2) A single frame is here the result of 3 stacked images and the integration time is tint = 36 s which is same for each observation. The last column indicates the number of the rejected data points. (3)The efficiency represents the ratio between the durations of the uninterrupted observation and the total observation (interruptions occurred due to Earth occultations or SAA crossings).




    

  
    
      Table 3 

      Best-fit model and derived parameters of the transit, occultation, and phase curve fit.

      
        


	Parameter
	
	Unit
	CHEOPS
	TESS





	Transit



	




	Stellar density
	ρ⋆
	gcm−3
	[image: equation]
	[image: equation]



	Orbital frequency
	f
	day−1
	0.28784401 ± 0.00000033
	0.28784433 ± 0.000000023



	Orbital period
	P
	days
	3.4741039 ± 0.0000040
	3.47409999 ± 0.00000028



	Orbital period [G.D.]
	–
	days
	3.47410075 ± 0.00000056
	3.4741004 ± 0.0000004



	Time of transit
	Tc
	BJDTDB – 2457000
	2406.927174 ± 0.000024
	1698.210775 ± 0.000052



	Time of transit [G.D.]
	–
	–
	1312.5853 ± 0.0002
	1312.5849 ± 0.0001



	Planet-star radius ratio
	Rp/R⋆
	
	0.11572 ± 0.00018
	0.11588 ± 0.00006



	Planet–star radius ratio [G.D.](1)
	Rp/Req
	
	0.1131 ± 0.0008
	[image: equation]



	Impact parameter
	b
	
	0.515 ± 0.005
	0.523 ± 0.004



	Impact parameter [G.D.]
	–
	
	0.498 ± 0.005
	0.510 ± 0.006



	Quadratic limb darkening
	q1
	
	0.257 ± 0.018
	0.12 ± 0.05



	Quadratic limb darkening
	q2
	
	[image: equation]
	0.39 ± 0.26



	Quadratic limb darkening [G.D.]
	ua + ub
	
	0.516 ± 0.021
	0.18 ± 0.03



	Quadratic limb darkening [G.D.]
	ua − ub
	
	0.05 ± 0.10
	0.39 ± 0.02



	Scaled semi-major axis
	a/R⋆
	
	[image: equation]
	[image: equation]



	Scaled semi major axis [G.D.]
	–
	–
	7.46 ± 0.02
	7.43 ± 0.02



	Stellar rotation axis
	i⋆
	deg
	[image: equation]
	[image: equation]



	Nodal longitude
	Ω⋆
	deg
	86.12 ± 1.1
	81 ± 1



	Orbital inclination
	ip
	deg
	86.03 ± 0.05
	85.96 ± 0.04



	Orbital inclination [G.D.]
	–
	deg
	86.17 ± 0.04
	86.064 ± 0.047



	Transit depth
	δtr
	%
	1.3391 ± 0.0042
	1.3428 ± 0.0013



	Transit depth [G.D.](1)
	[image: equation]
	%
	1.3187 ± 0.019
	1.2955 ± 0.0116



	Sky-projected spin-orbit angle
	λ
	deg
	3.9 ± 1.1
	9 ± 1



	Spin-orbit angle
	Ψ
	deg
	5.0 ± 11
	32 ± 7



	Jitter
	σw
	ppm
	123 ± 2
	303 ± 4



	Red noise
	σr
	ppm
	1947 ± 107
	7862 ± 284



	




	Occultation and phase-curve



	




	Transit/eclipse duration(2)
	T14/T14
	h
	3.540 ± 0.003
	3.537 ± 0.003



	Phase offset
	∆φ
	deg
	–
	[image: equation]



	Dayside phase amplitude
	Aday
	ppm
	–
	122.2 ± 4.9



	Nightside phase amplitude
	Anight
	ppm
	–
	[image: equation]



	Occultation depth
	δocc
	ppm
	82.4 ± 5.6
	[image: equation]



	Brightness temperature (100% NIR)(3)
	Tday
	K
	[image: equation]
	[image: equation]



	Geometric albedo (100% NIR)(3)
	Ag
	
	0.19 ± 0.08
	0.19 ± 0.16



	




	Lambertian grey-sky (CHEOPS-TESS)



	




	Brightness temperature
	Tday
	K
	[image: equation]
	



	Geometric albedo
	Ag
	
	0.26 ± 0.04
	



	Dayside temperature
	Td
	K
	[image: equation]
	



	Nightside temperature
	Tn
	K
	[image: equation]
	



	Bond albedo
	AB
	
	[image: equation]
	



	Heat re-circulation efficiency
	ϵ
	
	[image: equation]
	





      

      
Notes. G.D. represents gravity-darkening fit. (1)Req and Rpol are the equatorial and the polar radius of the star, respectively. (2)T14 = t14: The transit and occultation duration are the same, as eccentricity is set to zero for a circular orbit.(3) 100% NIR: 1D retrieval model without scattering.




    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        CHEOPS light curve. Left: detrended and phase-folded planetary transits. The solid red line is the best-fit model, while the blue dots represent the phase-folded and binned photometry (interval: 2.25 min for transit, 7.5 min for occultation). The residuals are shown in the bottom panel. Right: same as in the left panel, but centred at the occultations.

      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        TESS light curve. Left: detrended and phase-folded planetary transits from Sectors 14, 40, 41, and 54. The solid red line is the best-fit model, while the blue dots represent the phase-folded and binned photometry (Interval: 2.25 min for transit, 25 min for phase curve). The residuals are shown in the bottom panel. Right: combined phase curve using photometry from all four sectors.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Best-fit occultation depths of individual CHEOPS visits (blue) along with their posteriors in the right panel. The horizontal solid and dashed lines represent the mean occultation depth of 82.4 ± 5.6 ppm. The green shaded regions indicate the span of the TESS Sectors 40, 41, and 54, while the brown points indicate the sector-wise occultation depths.

      

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
        Left: KELT-20 b observed occultation depths (grey markers). The curve at the bottom shows the through-puts for each data point. The solid curves show the median of the retrieved model distributions when fitting the NIR HST and Spitzer occultations (blue) and the NIR+TESS occultations (red). The shaded areas (in corresponding colours) denote the span of the 68% central percentile of the distributions. The dashed grey curves show spectra for two black-body planetary model spectra at 2300 and 3200 K. Top right: retrieved temperature profiles (same colour-coding as before). The curves at the left edge show the contribution functions for selected bands (see legend). Bottom right: contribution functions integrated over the CHEOPS and TESS bands for the two cases shown in the left panel and for retrievals without TiO and VO opacity (same colour-coding as above). The band-integrated thermal flux in CHEOPS and TESS bands are (36 ± 18 ppm) and (85 ± 38 ppm), respectively (coloured markers).

      

    

  
    
      Table 4 

      KELT-20 b atmospheric retrieval.

      
        


	Parameter
	Priors
	Retrieved without TESS
	Retrieved with TESS





	log10(κ′)
	𝒰(−8, −1)
	[image: equation]
	[image: equation]



	log10(γ)
	𝒰 (−4, 2)
	[image: equation]
	[image: equation]



	Tirr (K)
	𝒰 (1000, 3500)
	[image: equation]
	[image: equation]



	[M/H]
	𝒰(−2, 2)
	[image: equation]
	[image: equation]



	[C/H]
	𝒰 (−2, 2)
	[image: equation]
	[image: equation]



	[O/H]
	𝒰 (−2, 2)
	[image: equation]
	[image: equation]





      

      
Notes. The reported values and uncertainties correspond to the median and 68% quantile of the marginal posterior distributions, respectively.




    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Dayside reflection and emission brightness contributions. Left: geometric albedo (Ag) as a function of the dayside brightness temperature for the estimated occultation depths in CHEOPS (blue) and TESS (red). The decreasing intensity of the colour shades corresponds to the 1 σ, 2 σ, and 3 σ uncertainties in the computation of Ag for each Tday. The overlapping region provides the true constraints on the two parameters represented by the posterior distribution in grey. The individual posteriors of (Ag) and (Tday) are presented in the side panels. The resultant values are reported in the text. Subpanel: reflection and emission contributions to the occultation depth of the CHEOPS and TESS passbands. The identical height of the reflection component reflects the assumption of α = 1. Right: Kurucz stellar model [Teff = 9000, [Fe/H] = 0 and log = 4.5] along with the CHEOPS and TESS passband responses. The dayside planetary black-body flux (×100) is also plotted for a comparison with the stellar flux. Tday = 2600 K.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Ag–Tday of several hot Jupiters following Wong et al. (2021). The black circles (Kepler–CoRoT) and the green squares (TESS) are taken directly from their sample. The blue diamonds correspond to the published values of the CHEOPS hot Jupiters (Krenn et al. 2023; Brandeker et al. 2022; Scandariato et al. 2022; Pagano et al. 2024; Hooton et al. 2022; Deline et al. 2022). The red diamond is from this work on KELT-20 b.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Parameters determining planetary energy distribution under radiative equilibrium. Top right: Bond albedo plotted as a function of the heat re-circulation efficiency for the effective dayside temperature Td. Bottom left: respective posteriors of AB and ϵ from the overlapping region, which are then used to compute the nightside temperature. The values in the label correspond to the orange posteriors, while the light blue posteriors are shown only for comparison.

      

    

  
    
      Table 5 

      Comparison of the sky-projected obliquity values.

      
        


	λ (degrees)
	Source





	3.4 ± 2.1
	Lund et al. (2017)



	0.6 ± 4.0
	Talens et al. (2018)



	1.6 ± 3.1
	Hoeijmakers et al. (2020a)



	3.9 ± 1.1
	CHEOPS(*)



	9 ± 1
	TESS(*)





      

      
Notes. (*)Only the prograde solutions for λ are listed here, although a retrograde orbit cannot be excluded by the light curves alone.




    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Individual CHEOPS transits (left) and occultations (right) of KELT-20 b. The solid red line is the best-fit model, while the blue and light blue points represent the binned and unbinned light curves, respectively. The numbers in the figure represent the BJD time stamp of individual transit epochs. The residuals are shown in the bottom panel.

      

    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
        Occultation depth measurements of KELT-20 b of the seven CHEOPS observations. The three sets of measurements correspond to the three data extraction techniques discussed in Sect. 2

      

    

  
    
      Table A.1 

      Best-fit parameters of the individual transit fits of KELT-20 b

      
        


	Visit ID
	Tepoch
	Rp/R★
	b
	ρ★ [solar]
	q1
	q2





	TG000401
	2459406.927174±0.000024
	[image: equation]
	0.516+0.007
	0.458+0.005
	[image: equation]
	[image: equation]



	TG000402
	[image: equation]
	[image: equation]
	0.504+0.016
	0.472+0.016
	[image: equation]
	[image: equation]



	TG0001001
	[image: equation]
	[image: equation]
	0.501 +0.011
	0.471 +0.007
	[image: equation]
	[image: equation]



	TG0001002
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	TG000801
	2459789.078614+0.00044
	[image: equation]
	0.502+0.003
	[image: equation]
	[image: equation]
	[image: equation]





      

    

  
    
      Table B.1 

      TESS: Best-fit transit and phase curve free parameters of KELT-20 b.

      
        


	Parameter
	Sector 14
	Sector 40
	Sector 41
	Sector 54





	Tepoch [TJD]
	1694.736671 ± 0.000062
	2403.453023 ± 0.000038
	2434.720013 ± 42
	2771.707828 ± 0.000083



	Period* [d]
	[image: equation]
	3.474106 ± 0.000016
	3.474086 ± 0.000018
	[image: equation]



	ρ★ [solar]
	0.470 ± 0.006
	0.458 ± 0.006
	0.461 ± 0.007
	0.454 ± 0.007



	Rp/R★ [%]
	[image: equation]
	[image: equation]
	11 .549 ± 0.030
	[image: equation]



	b
	[image: equation]
	0.508 ± 0.008
	0.513 ± 0.009
	[image: equation]



	q1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	q2
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Aday [ppm]
	107 ± 30
	102 ± 22
	149 ± 34
	[image: equation]



	log(h)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	log(l)
	[image: equation]
	[image: equation]
	−1.34 ± 0.09
	[image: equation]



	Jitter [ppm]
	287 ± 5
	178 ± 3
	177 ± 4
	171 ± 5





      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Individual transits of KELT-20 b observed with TESS. The solid red line is the best-fit model, while the blue and light blue points represent the binned and unbinned light curves respectively. The numbers represent the BJD time stamp of individual transit epochs. The residuals are shown in the bottom panel. Left: All transits of sectors 14. Right: All transits of sector 40.

      

    

  
    
      Fig. B.2 

      
        [image: thumbnail]
      

      
        Same as in Fig. B.1, but for sectors 41 and 54.

      

    

  
    
      Fig. B.3 

      
        [image: thumbnail]
      

      
        Individual sector-wise TESS phase curves of KELT-20b. The variation in the occultation depth is somewhat apparent between Sectors 40 and 41. The sector-wise occultation depths are [image: equation], 102±34, 149±35, and [image: equation] ppm for sectors 14, 40, 41, and 54 ppm, respectively. The corresponding residuals are in the bottom panel.

      

    

  
    
      Fig. B.4 

      
        [image: thumbnail]
      

      
        Posteriors of the model that includes the phase offset and the nightside flux as free parameters for TESS Sector 40. Δϕ varies between 0 and 1 (360°). Both Anight and Δϕ are consistent with zero, and the occultation depth measurement is the same as that measured when they are fixed to zero (see Table B.1).

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Posterior distributions for our KELT-20b atmospheric retrievals constrained by the NIR occultations (HST and Spitzer, blue) and the NIR+TESS occultations (red). The reported values at the top of each marginal posterior denote the median of the distribution and the boundaries of the central 68% percentile (i.e. the 1σ credible intervals). The shaded areas in the marginal histograms denote the span of the credible intervals.

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Posterior distribution of the CHEOPS and TESS eclipse depths in ppm along with the planetary fit parameters Rp/R★ [%] and a/R★ from the light curve fitting are used to create the posteriors on the dayside brightness temperature and geometric albedo (for reference, see Sect. 5).
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