
    
      Fig. 3 
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        Schematic representation of the considered mantle model. Illustrating the wide range of thermal conditions covered by the used EoS. The fluid and the solid phases are separated by the MgSiO3 melting curve (solid line) of Eq. (16), including a correction factor for additional MgO, SiO2 and FeO. The two dashed lines represent the perovskite/post-perovskite transition (lower) and dissociation pressure (upper). The dotted line illustrates the approximate location of the vapor curve, calculated using M-ANEOS and the parameters for pure SiO2.

      

    

  
    
      Fig. 5 
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        Schematic of the adaptive MCMC algorithm used in BICEPS.

      

    

  
    
      Fig. 7 
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        Relative radius difference between pure rocky spheres calculated with different EoS and different mineral compositions. The reference model is the one presented in this work. All cases have the boundary conditions 1 bar and either 300 K (solid lines), 2000 K (dashed lines) or 2500 K (dot dashed lines).

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Relative difference in transit radius as a function of equilibrium temperature using different methods calculating the transit radius. The reference transit radius is calculated at τchord = 2/3, which is compared as in Eq. (50) to the transit radius fixed at 20 mbar (see, e.g., Lopez & Fortney 2014). The same cases as in Fig. 9 are considered.

      

    

  
    
      Fig. 11 
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        Relative difference in radii of water dominated exoplanets (50 wt.% H2O, 30 wt.% Mg2SiO4, 20 wt.% Fe) using different water EoS. The light blue lines show the relative difference between QEOS (Vazan et al. 2013) and AQUA (Haldemann et al. 2020), while the blue lines show the relative difference between ANEOS (Melosh 2007) and AQUA. The results are shown for four different outer boundary temperatures, while the outer boundary pressure is equal to the pressure of the vapor curve at the corresponding boundary temperature.

      

    

  
    
      Fig. 12 
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        Effect of the condensation model on the transit radius of an exoplanet, shown as the relative difference in radius as a function of Teq. Calculated for an exoplanet of 5 mE, made up of 22 wt.% Fe, 38 wt.% MgSiO3 |Mantle and 40 wt.% volatiles, and for three different volatile layer compositions, i.e., [image: equation], [image: equation] and [image: equation].

      

    

  
    
      Fig. 13 
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        Sensitivity analysis of the age-luminosity relation by Mordasini (2020). Each variable in the fit of Eq. (20) was varied by +100% (solid line), +10% (dotted), −10% (dot dashed) and −50% (dashed). For each case, the transit radius of a 10 mE exoplanet made out of 22 wt.% Fe (core), 38 wt.% MgSiO3 (mantle), 10 wt.% (H2O) and 40 wt.% (H/He) was calculated. The boundary condition was set to be Teq = 300 K and Pout = 1 Pa. In each panel the relative difference to the transit radius calculated with the unchanged Eq. (20) is shown.

      

    

  
    
      Fig. 14 
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        Corner plot of the posterior distribution of the data variables of TOI-130 b. In blue are shown the posteriors generated using BICEPS, while in black are shown the posteriors generated using the original model of D17. For the 2D pair wise marginalized posterior distributions the 68%-HDR (light shaded) and the 89%-HDR (dark shaded) are shown.

      

    

  
    
      Fig. 15 
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        Corner plot of the posterior distribution of some interior structure model variables for TOI-130 b. In blue are shown the posteriors generated using BICEPS, while in black are shown the posteriors generated using the original model of D17. For the 2D pair wise marginalized posterior distributions the 68%-HDR (light shaded) and the 89%-HDR (dark shaded) are shown.

      

    

  
    
      Fig. 16 
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        Kernel density estimates (KDE) of the posterior probability distribution of compositional parameters of TOI-130 b inferred using BICEPS. The KDEs were calculated using a Gaussian Kernel with standard deviation of 0.2. Panel a: KDE of the layer mass fractions of TOI-130 b. Panel b: KDE of the mantle composition of TOI-130 b. White solid lines: indicate the contours of the 68%-HDR and 95%-HDR. White dashed lines: indicate the 68%-HDR and 95%-HDR of the posterior distribution calculated with the original model of D17.

      

    

  
    
      Table 6 

      Available iso-composition curves to generate mass radius diagrams.

      
        


	Label
	wCore
	wRock
	[image: equation]
	wH/He
	xFe |Core
	xS|Core
	xMgO|Mantle
	[image: equation]
	xFeO|Mantle





	C0
	1
	0
	0
	0
	1
	0
	0
	0
	0



	C1
	1
	0
	0
	0
	0.87
	0.13
	0
	0
	0



	R0
	0
	1
	0
	0
	0
	0
	1
	0
	0



	R1
	0
	1
	0
	0
	0
	0
	0.5
	0.5
	0



	R2
	0
	1
	0
	0
	0
	0
	0.519
	0.423
	0.058



	E0
	0.32
	0.68
	0
	0
	0.87
	0.13
	0.519
	0.423
	0.058



	W0
	0
	0
	1
	0
	0
	0
	0
	0
	0



	W1
	0.3168
	0.6732
	0.01
	0
	1
	0
	0.5
	0.5
	0



	W2
	0.304
	0.646
	0.05
	0
	1
	0
	0.5
	0.5
	0



	W3
	0.288
	0.612
	0.1
	0
	1
	0
	0.5
	0.5
	0



	W4
	0.16
	0.34
	0.5
	0
	1
	0
	0.5
	0.5
	0



	D0
	0.319968
	0.679932
	0
	0.0001
	1
	0
	0.5
	0.5
	0



	D1
	0.31968
	0.67932
	0
	0.001
	1
	0
	0.5
	0.5
	0



	D2
	0.3168
	0.6732
	0
	0.01
	1
	0
	0.5
	0.5
	0



	D3
	0.288
	0.612
	0
	0.1
	1
	0
	0.5
	0.5
	0



	D4
	0.256
	0.544
	0
	0.2
	1
	0
	0.5
	0.5
	0



	N0
	0.316768
	0.673132
	0.01
	0.0001
	1
	0
	0.5
	0.5
	0



	N1
	0.31648
	0.67252
	0.01
	0.001
	1
	0
	0.5
	0.5
	0



	N2
	0.3136
	0.6664
	0.01
	0.01
	1
	0
	0.5
	0.5
	0



	N3
	0.2848
	0.6052
	0.01
	0.1
	1
	0
	0.5
	0.5
	0



	N4
	0.2528
	0.5372
	0.01
	0.2
	1
	0
	0.5
	0.5
	0



	N5
	0.287968
	0.611932
	0.1
	0.0001
	1
	0
	0.5
	0.5
	0



	N6
	0.28768
	0.61132
	0.1
	0.001
	1
	0
	0.5
	0.5
	0



	N7
	0.2848
	0.6052
	0.1
	0.01
	1
	0
	0.5
	0.5
	0



	N8
	0.256
	0.544
	0.1
	0.1
	1
	0
	0.5
	0.5
	0



	N9
	0.224
	0.476
	0.1
	0.2
	1
	0
	0.5
	0.5
	0





      

      
Notes. The iso-composition curves were calculated for an outer boundary pressure of 1 mbar and each of the following outer boundary temperatures: 50 K, 300 K, 800 K, 1500 K, 2000 K. The data are available at https://github.com/mnijh/BICEPS_mass_radius.




    

  
    
      Fig. A.3 
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        Corner plot of the second MCMC validation test. The multivariate normal distribution with mean and covariance matrix given in Eq. (A.1), was sampled with 106 points. In black we show the analytical predictions, while in blue we show the results of the MCMC.

      

    

  
    
      Table D.1 

      Statistics of the ID marginalized posterior distribution of all model variables and the relative differences between the distribution generated with BICEPS and the one based on the method of D17.

      
        


	
	BICEPS
	Dorn+ 2017
	Difference



	Parameter
	Median
	1-σ
	2-σ
	Median
	1-σ
	2-σ
	Δ Median [%]
	∆1-σ [%]
	Δ2-σ[%]





	mtot[mE]
	8.00
	[6.59, 9.44]
	[5.28, 10.81]
	7.89
	[6.45, 9.35]
	[5.12, 10.75]
	1.42
	[2.06, 1.01]
	[2.97, 0.60]



	rtot[rE]
	2.45
	[2.40, 2.50]
	[2.35, 2.54]
	2.45
	[2.40, 2.50]
	[2.35, 2.54]
	-0.11
	[-0.11, -0.07]
	[-0.08, -0.02]



	xSi/xSi|Planet
	1.11
	[0.84, 1.38]
	[0.58, 1.65]
	1.11
	[0.84, 1.38]
	[0.58, 1.64]
	0.37
	[0.50, 0.30]
	[0.14, 0.82]



	xMg/xSi|Planet
	1.00
	[0.73, 1.27]
	[0.48, 1.53]
	1.01
	[0.74, 1.28]
	[0.48, 1.54]
	-0.39
	[-1.41, -0.19]
	[0.27, -0.37]



	wcore
	0.09
	[0.03, 0.19]
	[0.00, 0.29]
	0.11
	[0.04, 0.21]
	[0.01, 0.31]
	-15.43
	[-21.70, -7.32]
	[-28.08, -6.23]



	wrock
	0.49
	[0.29, 0.71]
	[0.16, 0.86]
	0.57
	[0.39, 0.76]
	[0.25, 0.89]
	-13.31
	[-25.51, -6.79]
	[-36.26, -3.79]



	wwater
	0.39
	[0.15, 0.63]
	[0.04, 0.80]
	0.31
	[0.10, 0.50]
	[0.04, 0.68]
	26.76
	[59.44, 25.54]
	[3.24, 16.86]



	log10 wH/He
	-6.23
	[-9.27, -3.76]
	[-10.64, -2.63]
	-7.01
	[-9.64, -4.14]
	[-10.70, -2.90]
	501.90
	[137.28, 136.07]
	[13.91, 87.85]



	Pcent [TPa]
	2.07
	[1.39, 2.88]
	[0.86, 3.76]
	2.09
	[1.47, 2.78]
	[0.93, 3.46]
	-0.73
	[-5.31, 3.46]
	[-7.77, 8.77]



	PCMB [TPa]
	1.19
	[0.86, 1.57]
	[0.59, 1.98]
	1.18
	[0.86, 1.54]
	[0.60, 1.91]
	1.31
	[-0.24, 1.68]
	[-2.20, 3.44]



	PMVB [TPa]
	0.24
	[0.10, 0.34]
	[0.03, 0.40]
	0.18
	[0.06, 0.24]
	[0.03, 0.28]
	32.35
	[64.44, 40.66]
	[2.95, 40.71]



	Tcent [103 K]
	10.88
	[8.52, 15.32]
	[7.14, 20.44]
	9.85
	[8.14, 12.11]
	[6.76, 15.55]
	10.49
	[4.65, 26.49]
	[5.67, 31.47]



	TCMB [103 K]
	6.96
	[5.88, 7.86]
	[4.69, 8.74]
	8.04
	[6.65, 12.16]
	[5.13, 16.71]
	-13.45
	[-11.59, -35.33]
	[-8.58, -47.69]



	TMVB [103 K]
	6.03
	[4.50, 6.52]
	[3.28, 6.91]
	5.34
	[3.60, 7.66]
	[2.63, 11.10]
	13.03
	[25.13, -14.94]
	[24.66, -37.72]



	xSi|Mantle
	0.41
	[0.35, 0.49]
	[0.30, 0.58]
	0.41
	[0.35, 0.49]
	[0.30, 0.57]
	-0.30
	[-0.79, 0.23]
	[-0.89, 1.04]



	xFe|Mantle
	0.18
	[0.06, 0.28]
	[0.01, 0.38]
	0.17
	[0.06, 0.28]
	[0.01, 0.38]
	2.12
	[5.05, 2.21]
	[11.08, 1.16]



	xMg|Mantle
	0.41
	[0.32, 0.49]
	[0.23, 0.55]
	0.41
	[0.33, 0.49]
	[0.23, 0.56]
	-0.79
	[-1.25, -0.64]
	[1.05, -0.64]



	rCore [rE]
	0.59
	[0.39, 0.75]
	[0.21, 0.86]
	0.62
	[0.42, 0.78]
	[0.24, 0.90]
	-5.64
	[-7.63, -3.68]
	[-10.28, -3.92]



	rMantle [rE]
	0.81
	[0.62, 1.05]
	[0.45, 1.30]
	0.87
	[0.68, 1.10]
	[0.52, 1.34]
	-6.69
	[-9.64, -4.64]
	[-13.57, -3.06]



	rVol [re]
	1.36
	[1.14, 1.62]
	[0.95, 1.93]
	1.28
	[1.07, 1.55]
	[0.90, 1.87]
	6.32
	[6.51, 4.97]
	[5.77, 3.20]



	Age [Gyr]
	3.01
	[2.24, 3.75]
	[1.96,4.05]
	3.02
	[2.27, 3.76]
	[1.96,4.05]
	-0.33
	[-1.08, -0.18]
	[-0.20, 0.03]





      

      
Notes. The relative differences ∆l-σ and Δ2-σ are calculated in respect to the boundaries of the intervals using BICEPS and the method of Dorn et al. (2017).
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