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Why dynamic compression? @ Natonal
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Giant impacts explore exotic P, T states
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Why dynamic compression? Nationa
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Planetary interior models unconstrained
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Low pressure phase diagram
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e Multi-component system
e Incommensurate melting I al [Pore
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Basic idea: Solve F = ma for the ions, with the force due to electrons computed
self-consistently from solution of the Kohn-Sham hamiltonian:

i ¥ v p(r') 0 Egelp] (Y = et (T
(<377 + Vet + [ o' 2 S 1) = i)

Thermodynamic quantities such as E, P, T', V, directly accessible
without making any assumptions about the response or properties of
the material a priori.
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e Data span 13< Ug <24 km/s

e Resolve curvature in Hugoniot

e No discontinuities

e Agree with extrapolated MANEQOS
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Data span 13< Ug <24 km/s

Resolve curvature in Hugoniot

No discontinuities
Agree with extrapolated MANEQOS
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e MANEOS thermal prop’s off
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Data span 13< Ug <24 km/s
Resolve curvature in Hugoniot
No discontinuities

MANEQS thermal prop's off

Well... Is it de-mixed, or not?

Temperature (kK)

40

35

30

25

T T T T T T
® ZData

O QMD: Liquid Mg,SiO,

[ ]OMEGA
Bolis et al.

I” @ Sekine etal.

49 Lyzenga & Ahrens
Temperature Fit

~——— QMD: MgO+Mgsio, |
——QMD: 2MgO + Si0,

S »
~.. MgO B2 Solid

—— M-ANEOS, dunite 4
——de Koker et al.

MgO B1 Solid
1 1 1 HE| 1 1 1 1 1

200 300 400 500 600 700 800 900 1000
Pressure (GPa)




Sandia
National

Laboratories

e Data span 13< Ug <24 km/s " , : : :
i i [ e ZzData 7]
e Resolve curvature in Hugoniot O QMD: Liquid Mg,Si0, MgoO Liquid
" " g 16 - [ ]OMEGA
e No discontinuities Bolis et al.
= | @ Sekine etal. =
° MANEOS thermal prOp’S OfF f 14 Temperature Fit
. b —— QMD: MgO+MgSiO,
e Smaller than expected signal due to fsj 12— awp: 2mgossio, =
de-mixi ng g I ——M-ANEOS, dunite 7L _--=-="" T2 I
[oN
S R e MgO B2 Solid
(0] ;
Well... Is it de-mixed, or not? =8 T
6 ‘-~.~\ 4
MgO B1 Solid
4+ "~
1 1 1 1
200 250 300 350 400

Pressure (GPa)

email: jptowns@sandia.gov 9



Laboratories

: : Sandi
Potential for phase separation @ Nationa

Two things to consider:

. . y
e Incommensurate melting at high 10 g
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e Persistence of Fo to 10's GPa?
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New results on low pressure Hugoniot National

Laboratories

e Persistence of Fo to 10's GPa?
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e Hugoniot states in liquid well constrained
e Possible kinetic effects persist at least up to melting

e Entropy, melting, and release states in progress

Questions?
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Comprehensive spectrum of WASP-39b
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How to estimate the Hugoniot @ Sandia
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“Nature”
Fully interacting system

E= /\IJH\II dry...dry

Adapted from Mattsson et al. 2005
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Density Functional Theory in 2 minutes Natonal

Laboratories

“Nature” DET
Fully interacting system Non-interacting system
VerF

N
E:/\I/*ﬁ\lldrl...drN E:Z/(I)fﬁi@ dr

Adapted from Mattsson et al. 2005
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“Nature” DFT
Fully interacting system Non-interacting system
Hard Easy
Vexrt Verr
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Adapted from Mattsson et al. 2005
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