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              Illustration of model parameterization. a) Model I parameters are core radius rcore, mantle composition c comprising the oxides Na2O-CaO-FeO-MgO-Al2O3-SiO2, mantle radius rmantle, mass of water mwater, mass of envelope menv, envelope Luminosity L, and envelope metallicity Zenv. b) Model II parameters are as for a), with atmosphere parameterized by pressure at the bottom of the atmosphere pbatm, number of scale-heights of opaque layers N, mean molecular weight μ, and a temperature-related parameter α. See Sect. 2.2 and Table 1 for more details. 

            

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
              Sampled 1D marginal posterior cdfs (blue) of model II parameters for Neptune: a) pressure at bottom of atmosphere pbatm; b) atmospheric mass fraction matm/M (Eq. (9)); c) temperature-related parameter α; d) number of scale-heights of opaque layers N; e) mean molecular weight μ; f) mass of water mwater; g) mantle radius rmantle; h) core radius rcore; i) Fe/Simantle; j) Mg/Simantle. The prior cdfs are plotted in red. Gray areas in b), e), f) represent independent literature estimates (see main text). 
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              Masses and radii of synthetic planets (black dots, cases A−K), observed exoplanets (gray dots) from Dressing et al. (2015), and Earth and Venus. Planets are plotted against mass-radius curves of idealized compositions for which a surface temperature of 300 K has been assumed. Planet cases A−K are summarized in Table 4. 
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              Sampled 1D marginal posterior cdfs of model I parameters for synthetic planet cases (A−D) of 7 M⊕ that vary in terms of radii: 1.7 R⊕ (A), 2.2 R⊕ (B), 2.6 R⊕ (C), 2.9 R⊕ (D); a) mass of envelope menv; b) envelope luminosity L; c) envelope metallicity Zenv; d) mass of water mwater; e) mantle radius rmantle; f) core radius rcore; g) Fe/Simantle; h) Mg/Simantle. 
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                Sampled 1D marginal posterior cdfs of model I parameters for synthetic planet cases B, E, F, G that vary in terms of data uncertainties. B is the reference case (σM = 0.05 M, σR = 0.02 R, 20% for both σFe/Sibulk and σMg/Sibulk), E has larger uncertainties in mass and radius (σM = 0.2 M, σR = 0.1 R), whereas F and G have larger uncertainties in the abundance constraints, 50% and 80%, respectively. a) Mass of envelope menv; b) envelope luminosity L; c) envelope metallicity Zenv; d) mass of water mwater; e) mantle radius rmantle; f) core radius rcore; g) Fe/Simantle; h)Mg/Simantle. The priors in g) and h) are not shown as not to overload the plot, because they differ among the cases. 

              

    

  
    
      Fig. 12 
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                Sampled 1D marginal posterior cdfs of menv (model I) for the synthetic planets: case C at 1 AU, case H at 0.1 AU, case J at 1 AU, and case K at 0.1 AU. For cases J and K, the gas composition is restricted to pure H/He (Zenv = 0) using the EoS of Saumon et al. (1995). 

              

    

  
    
      Fig. 14 
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              Sampled 1D marginal posterior cdfs (blue) for different priors (red) of envelope metallicity Zenv for case C (7 M⊕, 2.6 R⊕, applying model I). Distributions are depicted in dashed when the prior is uniform in Zenv and solid when it is uniform in 1/Zenv. The latter is identical to Fig. 6c. 

            

    

  
    
      Fig. 15 
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              Sampled 1D marginal posterior cdfs (blue) for mwater assuming different priors on L for Neptune (applying model I). Solid blue line refer to wide prior range on L (1018−1023 erg/s), whereas dashed blue line refer to narrow prior range on L (1022.47−1022.57 erg/s). The former is identical to Fig. 2a. Gray area represent independent literature estimates (see main text). 

            

    

  OEBPS/aa28708-16-eq49.png





OEBPS/aa28708-16-eq52.png
Tig = (L{(4xo RN





OEBPS/aa28708-16-fig14_small.jpg





OEBPS/aa28708-16-eq140.png







OEBPS/aa28708-16-eq7.png
.
(2”)/\"/2(1—1;‘/: . 0,2)1 o3

1
e exn| L S (eilm) — di)?
exp ZZT)

L(m|d) =






OEBPS/aa28708-16-fig1.jpg
a) model 1

b) model 11 u,o,N






OEBPS/aa28708-16-fig2.jpg
] D) o) @ L
08

0.6

cdf

0.4
0.2

-10 -5 018 20 22 24 0 0.5 1 02040608 1
log( erW/M) log( £ [erg/s]) mwme'/M ; fmant\e/R
€) ] 2
0.8
06 _
8
0.4
0.2 —— posterior
0 ——prior
02 04 06 08 0 1 2 0 0.5 1
rIr Fe/Si Mg/Si
core mantle mantle mantle





OEBPS/aa28708-16-fig6.jpg
20 22
log( £ [erg/s])

0.5

m
water

0.2 0.4 06 0.8

Lo VT
core mantle

Mg/Si

mantle

0.8
06,

0.4
0.2

1

case A
0.8 — (17R)
case B
0.6 —_—
5 (22R)
04 ° case C
—(26RY)
o:2 case D
o —(29RY
——prior





OEBPS/aa28708-16-fig7.jpg
0.8
0.6
0.4
0.2

0.8
0.6
0.4
0.2

a) d) e)
0.8
06,
: 8
g 0.4
4 02
0
20 40 0 1 0 20 0 0.5 1
log( pbatm [Pa] 1 [g/mol] al] # scale heights mwa‘e(/
1 case A
h o
9 ) h os T~ O7R)
case B
06 _ (22Rp)
8 case C
0.4 —(@86RY
case D
0.2 —(@9RY
0 0 —— prior
0.2 06 0.20.40.608 0 2 0 1
i rIr Fe/Si Mg/Si
manlle core mantle mantle mantle





OEBPS/aa28708-16-fig10_small.jpg





OEBPS/aa28708-16-fig9.jpg
a) Ea e )
N T
o .,
ey =
3 £
T 82
& =
2
02 2,
0 -4
05 1 05 0
r 'R
core’ mantle’






OEBPS/aa28708-16-fig1_small.jpg
€€





OEBPS/aa28708-16-fig3_small.jpg





OEBPS/aa28708-16-eq106.png
0.01 < mepy /M < 0.2,
0.75 < myaer/M < 0.98,
0.01 < Fange < 0.25,

10*! erg/s < L < 10** erg/s.





OEBPS/aa28708-16-fig12.jpg
———case C (1 AU)

———case H (0.1 AU)
——case K (1 AU, H/He only)
——case J (0.1 AU, H/He only)






OEBPS/aa28708-16-eq73.png
PR
P70






OEBPS/aa28708-16-fig14.jpg
cdf

0.2

0.4

prior: uniform in 1/Z
env

respective posterior
— _ _prior: uniform in Zenv

— — —respective posterior

0.6 0.8

env





OEBPS/aa28708-16-fig15.jpg
cdf

—— posterior:
assuming wide prior range on £
- - - posterior:
assuming narrow prior range on
prior






OEBPS/aa28708-16-fig6_small.jpg





