Some of the key questions in
ultra-dense matter science

How does chemistry change at extreme densities?
How do core electrons affect bonding?
What is the nature of insulator-metal transitions at high densities?

What is a solid at > 10 Mbar?

How do melt, strength, structure, EOS change at ultra-high densities?
How fast can you squish a solid?

What is the nature of He or H when the interatomic spacing is

~deBroglie wavelength?
How do mixtures of H and He behave at high densities?




To understand super-Earth planets

we need to understand solids at 106 of Mbar LL
GJ1214b i A Water Planet? A new generation of experiments is
needed to understand these conditions
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So what happens to solids at these extreme pressures?
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Velocities reveal how fast materials yield

and enable stress vs density
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Fe and Si have significant structure in the wave front when L
it plastically deforms and when new phases form LL
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Ramp compression at Omega can generate

~8 Mbar solids, comEarabIe to the center of NeEtune LLL

Laser ramps use x-ray
drive stepped samples

Free surface velocity vs
time

Tracking velocity histories
from each step gives pressure
and density
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Wave-profile analysis is used to
determine C |,stress,rho
(Maw,Rothman,05, Eggert 06)
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Ramp-Wave EOS Design Requirements
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Sample must be thick
enough that ramp drive
does not reverberate and
thin enough that shock
does not form.

These are stringent
requirements for high
pressure ramps.



We use Lagrangian analysis technique to
extract an equation-of-state
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r l We use conservation equations:
Dx | dP(U) = r ,C,(U)dU
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lterative Analysis: Correction for wave interactions. lLI-
Rothman, et al. J. Phys. D (2005)
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These data set the stage for a broad range Ll-

of material science experiments on NIF L
Precompressed Hydrogen
(Loubeyre, Jeanloz, Hemley)
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To determine the structure of Fe at

Earth® core conditions we use diffraction

Target and schematic of XRD
on the Omega laser
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Bragg® Law: nl =2d sinq

Allows us to determine crystal structure
and compression
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Diffraction shows just beyond previous data we are

finding new phases (500 GPain Ta) Ll-
Target and schematic of XRD Lattice constants, crystal structure and
on the Omega laser phase transitions are measured
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