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An aside.. grand challenge 5

diluted/fuzzy core
(heavy elements)

R. Helled+ Space Sci Rev 216, 38 (2020)

@ molecular hydrogen, helium-poor
M helium rain region

metallic hydrogen, helium-rich

B molecular H,, helium, ices
Ices, mixed with rocks? Mixed with H-He?
Rocks, mixed with ice?

compact core
(heavy elements)

R. Helled+ ORES (201 9) ; mixed interiors

(composition gradients) MOTIVATION

Kovacevié | LLNL October 2023 | Livermore 13



An aside.. grand challenge 5

45;‘ fux(FiRy) T ADZ?J . HOT GAS GIANT EXOPLANET WASP-96 b
2000 g 2000\ S ¢/ ATMOSPHERE COMPOSITION s |
4.0f 1000 1400 ®ranus 4.0
i ‘Neptune
5h R &> [ 2
\ L 2 A _
. ‘ # TR / 3.0 IR
B 1 1 > IM;,;:::,;;: ‘ q '.. ...’“ .'_, y .‘.I"'.‘:.,' ‘..'.. ‘ '.'.~. ]
v - NASA JWST
+ .
2.0 Luque SCIence (2022) PDS 70 INNER DISK
, : EMISSION SPECTRUM IR | 17U Medium.Resolution Spectroscop
1.4} — Earth-like ¢
—— 50% H,0
1.2F
06081 152 3 4.’5 6";:3’&.7;’(.).“1'5: 1.0 2
m (M) Lo ¢ £
[} =
Zeng+ PNAS (2022)  so5
a o
0.6F

SPACE TELESCOPE

theoretical

b iy i observational

MOTIVATION

14

Kovacevié | LLNL October 2023 | Livermore



The importance of HED science

From the perspective of a graduate student
€¢—GAS 1 { CONDENSED MA-rrEv_——)
|

T T T T ...and the National Academies Consensus Study Report on

Ik RELATIVISTIC PLASVIA B Fundamental HEDS Research
kAaD lAT\VE ® -
= PLASMA B&UG ,ICF’
~ P -
M
F s [- high pressure phase chemistry ]
5 s
zj <
* rheology, formation, evolution of
4 planets/exoplanets
QUM | — . . )
MATTER * cuts across many fields of science,
2 bridging - energy, distance, and time
I [ 7 scales
3 4 5 = \ J

z
Loaly) (g/ee)
R. Collins (2023) NAS Consensus Report

Kovacevic¢ | LLNL October 2023 | Livermore



My work!

PUBLISHED RESULTS

ORIGINAL ARTICLE

The homogeneous mixing of MgO and H,0 at extreme MgO + H,0
conditions = pressures — 120-200 GPa
Tanja Kovacevi¢ ¥, Felipe Gonzalez-Cataldo, Burkhard Militzer temperatures — 500'8;000 K

First published: 03 May 2023 | https://doi.org/10.1002/ctpp.202300017

Article | Open Access | Published: 29 July 2022

Miscibility of rock and ice in the interiors of water worlds

MgSiO; + H,0
> pressures — 60-200 GPa
Tanja Kovacevi¢ &, Felipe Gonzalez-Cataldo, Sarah T. Stewart & Burkhard Militzer temperatures o 5 O 0—8,0 00 K

Scientific Reports 12, Article number: 13055 (2022) | Cite this article

miscibility — homogeneous (or uniform) mixing
(examples: coffee, rainwater, mouthwash)
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Heat Until i1t Mixes (HUMix)
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Visualizing the system
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Heat Until i1t Mixes (HUMix)
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HUM1x Isochores

MgSiO; + H,0 MgO + H,0
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Trajectories: rock(solid) water(solid)
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Trajectories: rock(solid) water (superionic)
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Trajectories: rock(solid) water(ionic liquid)

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

( ) ( N
Mean Squared Displacement Radial Distribution Function
pr—— T T ]
:D = MQg-Orock — Mg'owater:
. ;_ S E
—-—=5000K 7000 K %4 - ,'I \‘\ 3
Mg = Si Orock Owater H
10 prpo— :
~ 8F
=
n 6
0 n ]
s 4 - E :\‘ e Si-Oock = Si-Oyater ]
- i 4
2 6 '! \‘ ]
[ B |
] b3 [} 1
[
\

o 05" Lo a5 20 25 - 3.0 5.5

t (ps)
Kovacevic+ Sci Rep 12, 13055 (2022)

Kovacevic+ Sci Rep 12, 13055 (2022)

Kovacevic¢ | LLNL October 2023 | Livermore



HUM1x Isochores

MgSiO; + H,0 MgO + H,0
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Implications

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

4 INITIAL CONDITIONS

Molanet (0.7 - 4.68 Mg)
wt% H,0 (15 -44%)

C{planet (1-1.86 Rg)
6-22 % ‘rock’
[ = water mechanically mixed
= = mixlzure _up into the H,0 layer
=rocC
[l=iron
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Summarized DFT Results

MgSlO3 + H O MgO + H,0
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