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The importance of HED science
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From the perspective of a graduate student
…and the National Academies Consensus Study Report on 
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Planets!
R. Helled+ Space Sci Rev 216, 38 (2020)

R. Helled+ OREs (2019)
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Planets!

Zeng+ PNAS (2022)

NASA JWST
Luque+ Science (2022)

theoretical
observational



Kovačević | LLNL October 2023 | Livermore

The importance of HED science

MOTIVATION

15

From the perspective of a graduate student
…and the National Academies Consensus Study Report on 

Fundamental HEDS Research

1

6

4
5

1

4

5

6

Laboratory based nuclear fusion
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Evolution of planets / conditions for life

Cross cutting science
(Multi-scale nature of HED science)

• high pressure phase chemistry

• rheology, formation, evolution of 
planets/exoplanets

• cuts across many fields of science, 
bridging - energy, distance, and time 
scales
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pressures – 60–200 GPa

temperatures – 500–8,000 K
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Rock and water 

fully miscible

Rock and water 

remain separateMgSiO3 melt curve Fei+

H2O melt curve (Cheng+ 2021)

MgSiO3 + H2O MgO + H2O

Kovačević+ Sci. Rep. (2022) Kovačević+ CPP (2023)
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Rock and water 

fully miscible

Rock and water 

remain separateMgSiO3 melt curve Fei+

H2O melt curve (Cheng+ 2021)

Trajectories: rock-water(mixed)
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Quantitative evidence for mixing

RESULTS
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Mean Squared Displacement Radial Distribution Function

Kovacevic+ Sci Rep 12, 13055 (2022)

Kovacevic+ Sci Rep 12, 13055 (2022)
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MgSiO3 melt curve Fei+

H2O melt curve (Cheng+ 2021)

MgSiO3 + H2O MgO + H2O

Kovačević+ Sci. Rep. (2022) Kovačević+ CPP (2023)
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Implications

IMP.
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= mixture
= rock
= iron

= water

Collaboration with Sarah T. Stewart at U.C. Davis

INITIAL CONDITIONS

Mplanet (0.7 – 4.68 M⨁)

wt% H2O (15 – 44%)

Rplanet (1 – 1.86 R⨁)

6 – 22 % ‘rock’ 
mechanically mixed 
up into the H2O layer

Provide theoretical 

evidence that many 

water rich exoplanets 

have mixed mantles
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Summarized DFT Results

SUMMARY
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Rock and water 

fully miscible

Rock and water 

remain separateMgSiO3 melt curve Fei+

H2O melt curve (Cheng+ 2021)

Once MgSiO3 melts, 
MgSiO3 + H2O 

homogeneously mix in 
all proportions

MgO exhibits >2000 K 
melting point depression 

when exposed to H2O

MgSiO3 + H2O MgO + H2O
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THANK YOU!

THANKS!
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