
    
      Table 1 

      Observation log for TESS and CHEOPS.

      
        


	Visit/sector
	Start date
	End date
	File key





	TESS observations
	
	
	



	




	8
	2019-02-02 20:49:29
	2019-02-27 12:07:39
	Sector 8



	35
	2021-02-09 11:51:16
	2021-03-06 11:36:59
	Sector 35



	45
	2021-11-07 11:45:08
	2021-12-02 03:00:39
	Sector 45



	46
	2021-12-03 01:34:47
	2021-12-30 04:54:14
	Sector 46



	




	CHEOPS observations
	
	
	



	




	37001
	2021-01-23 15:29:08
	2021-01-24 07:09:34
	CH_PR100031_TG037001



	801
	2021-02-28 20:16:29
	2021-03-01 00:41:36
	CH_PR100008_TG000801



	101
	2021-03-01 01:12:29
	2021-03-01 13:56:50
	CH_PR110050_TG000101



	802
	2021-03-06 04:53:31
	2021-03-06 10:18:40
	CH_PR100008_TG000802



	803
	2021-03-08 10:30:28
	2021-03-08 15:19:36
	CH_PR100008_TG000803



	804
	2021-03-12 11:02:08
	2021-03-12 15:26:15
	CH_PR100008_TG000804



	805
	2021-03-16 00:55:08
	2021-03-16 05:44:16
	CH_PR100008_TG000805



	806
	2021-03-20 02:04:08
	2021-03-20 06:28:15
	CH_PR100008_TG000806



	807
	2021-03-20 22:11:48
	2021-03-21 03:21:57
	CH_PR100008_TG000807



	808
	2021-03-23 03:48:32
	2021-03-23 08:36:40
	CH_PR100008_TG000808



	809
	2021-03-24 02:09:09
	2021-03-24 06:58:17
	CH_PR100008_TG000809



	810
	2021-03-25 00:00:07
	2021-03-25 04:42:15
	CH_PR100008_TG000810



	811
	2021-03-29 10:19:08
	2021-03-29 14:44:15
	CH_PR100008_TG000811



	812
	2021-03-30 08:23:29
	2021-03-30 13:12:37
	CH_PR100008_TG000812



	813
	2021-03-31 06:01:29
	2021-03-31 10:50:37
	CH_PR100008_TG000813



	39301
	2021-04-12 23:52:28
	2021-04-15 05:37:57
	CH_PR100031_TG039301





      

      
Notes. The file key is a unique identifier of each of the CHEOPS observations, and helps in retrieving data from the archive.




    

  
    
      Table 2 

      Planetary and stellar parameters used in the transit analysis.

      
        


	Parameters
	Symbols
	Values
	Priors
	Units





	Planetary parameters (Planet b)
	
	
	
	



	  Orbital period
	P
	[image: equation]
	𝒩(0.4465688,7.5e − 7)
	days



	  Transit time
	T0
	[image: equation]
	𝒩(2459578.545979,0.000499)
	BJD



	  Planet-to-star radius ratio
	Rp/R★
	[image: equation]
	𝒰(0,1)
	–



	  Impact parameter
	b
	[image: equation]
	𝒰(0,1)
	–



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



	  Eccentricity
	eb
	–
	Fixed to 0
	–



	  Argument of periastron passage
	ωb
	–
	Fixed to 90
	deg



	




	Stellar parameters
	
	
	
	



	  Stellar density
	ρ★
	[image: equation]
	𝒩(1896.89,91.17)
	kg m−3



	  Limb darkening coefficients
	
	
	
	



	    CHEOPS passband
	[image: equation]
	[image: equation]
	–
	–



	[image: equation]
	[image: equation]
	–
	–



	    TESS passband
	[image: equation]
	[image: equation]
	–
	–



	[image: equation]
	[image: equation]
	–
	–



	




	Derived planetary parameters(†)
	
	
	
	



	  Radius
	Rp
	[image: equation]
	–
	R⊕



	  Density
	ρp
	[image: equation]
	–
	g cm−3



	  
	ρp
	[image: equation]
	–
	ρ⊕



	  Orbital distance
	ab
	[image: equation]
	–
	AU



	  Inclination
	ib
	[image: equation]
	–
	deg





      

      
Notes. The Gaussian priors with mean µ and variance σ2 are displayed as 𝒩(µ, σ2). 𝒰(a, b) shows the uniform prior between a and b. (†)In the calculation of the derived planetary parameters we used the following stellar and planetary parameters from Lacedelli et al. (2022) and Brinkman et al. (2023): R★ = 0.843 ± 0.005 R⊙ and Mp = 2.24 ± 0.20 M⊕.




    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Phase-folded light curve for planet b, over all of the (top) CHEOPS visits and (bottom) TESS sectors. Top subpanels: median fitted model (dark blue curves) and models computed from randomly drawn samples from the posterior (orange curves). The light blue and dark blue points are the original points and the binned data points. Bottom subpanels: residuals from the median model.

      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Comparison of retrieved planetary parameters (P, a/R★, b, and Rp/R★) from our analyses of CHEOPS (blue points), TESS (red points), and the joint dataset (green points) with the literature values from Lacedelli et al. (2022; dashed purple line and a 1σ uncertainty band). The horizontal axis gives the arbitrary transit time. The scale on the vertical axis is relative and is centred on the literature value of the given parameter.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Best-fit eclipse model to the TESS data along with the posteriors of the eclipse depth. Top panel, upper plot: median fitted model (dark blue curve), which includes the planet transit and eclipse, and the original (light blue) and binned data points (dark blue) from four TESS sectors. The orange curves are the models computed from the randomly chosen samples from the posteriors. The lower plot shows the residuals for the fit. Bottom panel: posterior distribution of the eclipse depth. The dark orange line and the light orange band give the median eclipse depth and the 1σ credible interval. The dashed line represents the null hypothesis.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Corner plot of the posteriors of the internal structure parameters of TOI-561 b. Shown are the mass fractions with respect to the solid planet of the inner core and water layer, the molar fractions of Si and Mg in the mantle layer and Fe in the inner core and the gas mass in Earth masses in a logarithmic scale. The labels at the top of each column are the median and the 5th and 95th percentiles of each distribution, which are also shown by the dashed lines.

      

    

  
    
      Table 4 

      Posteriors of the internal structure parameters for models with fixed (to stellar values) and varying Si/MG/Fe ratios in the models.

      
        


	Internal structure parameter
	Model with fixed Si/Mg/Fe ratios
	Model with free Si/Mg/Fe ratios





	Mcore/Mtotal
	[image: equation]
	[image: equation]



	Mwater/Mtotal
	[image: equation]
	[image: equation]



	log Mgas [M⊕]
	[image: equation]
	[image: equation]



	Fecore
	[image: equation]
	[image: equation]



	Simantle
	[image: equation]
	[image: equation]



	Mgmantle
	[image: equation]
	[image: equation]





      

      
Notes. Posteriors for two models. The first model assumes that the Si/Mg/Fe ratios of the planet exactly match those measured for the star; the second model allows a wide variety of Si/Mg/Fe ratios. The errors are the 5th and 95th percentile of the corresponding posterior distributions.




    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Transit radius as a function of total envelope mass fraction and molar water fraction in the envelope for a planetary structure with a fixed core mass and composition in agreement with the values for a dry model in Table 3. The red lines show the radius values that are in agreement with the measurements for TOI-561 b.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Theoretical models of outgassed atmosphere of TOI-561 b. Top panel, a: Temperature-pressure profile of the planet for a bulk silicate Earth (BSE) composition (in orange) and an evolved BSE composition (in blue). Bottom panel, b: Theoretical emission spectra for BSE (orange curve) and evolved BSE (blue curve) composition. The TESS observation of the eclipse depth is shown as a green star, where the error bars on the wavelength axis show the extent of the TESS bandpass. Other data points are simulated observations for NIRSpec (circles), MIRI (squares), and CHEOPS (triangles) for both models (represented by the colours). The white-light eclipse depths are shown for NIRSpec and MIRI with errors showing their wavelength coverage. The two insets show the zoomed-in versions of the main plot for the NIRSpec and MIRI wavelength ranges. The spectroscopic simulated eclipse depths (at R = 7) are also shown for both instruments in these plots.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Difference in ppm between the Rp/R★ measured in individual transits (for CHEOPS data) or groups of five transits (for TESS data), and the value of Rp/R★ from the joint CHEOPS-TESS analysis. The orange and blue points are the results from the TESS and CHEOPS analysis, respectively.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Population of USPs in (top) planetary surface gravity– equilibrium temperature and (bottom) host star metallicity–surface gravity spaces. In the top panel the data points are colour-coded according to the metallicity of the host star. The USP population is defined as all confirmed planets with an orbital period of less than a day and Mp ≤ 10 M⊕. The data of the systems are taken from the NASA Exoplanet Archive (2023) on June 19, 2023. The bottom panel only includes planets hotter than 1700 K (see text).

      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Comparison of some retrieved planetary parameters (Period P, scaled semi-major axis a/R★, impact parameter b, and planet-to-star radius ratio Rp/R★) between our two analyses. Shown are the main analysis, where we used informative priors on the stellar density (orange points), and the second analysis, where we assumed no prior knowledge on the stellar density (green points). The purple dashed line with the band shows the literature values of the parameters along with uncertainties from Lacedelli et al. (2022). The scale on the y-axis is relative.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Raw and detrended CHEOPS observations. (a): Raw (top panel) and detrended photometry (bottom panel) for our new CHEOPS observations. The blue and orange points are the original and binned data points, respectively. The fitted median full model (top) and transit model (bottom) is shown as dark green lines. (b): Same as (a), but for archival CHEOPS visits. For clarity, the transit signals from other planets have been masked.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Correlation plot of the fitted transit parameters of planet b in our joint photometric analysis.
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