
Real-time dynamics of warm dense matter

Sandia National Laboratories
Andrew D. Baczewskil, Attila Cangil, Michael P. Desjarlaisl, Stephanie B. Hansenl, Daniel S. Jensenl, Rudolph J. Magyar2, Luke Shulenburgerl

1 Sandia National Laboratories, Albuquerque NM 87185

2 Northrop Grumman, Baltimore MD 21240

Problem
1 010

E 108

1 06

g 104 ILightningdischarges

o2 
0-

4

a

Plasma

ICF capsule at ignition •

Solar core •

White Dwarf

ope1

# ,44\

_ _ liquid,

Gas + Liquid

\CS" c2'
PS

6,\Cv
1‘9\0
• Jupiter core

Earth core

White Dwarf

cores

10-2 1 102 1 0
4

Density (grams/centimeter3)

X-ray Free-Electron Lasers
(XFELs) are a powerful
tool for creating & probing

warm dense matter

How can modeling and
theory help to interpret

experiments? European XFEL (Hamburg)
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Warm dense matter
neither solid nor plasma,
requires sophisticated
quantum simulation

Relevant to SNL mission
and fundamental physics

App

First application of time-dependent density
functional theory (TDDFT) to warm dense matter

[Baczewski, et al., Phys. Rev. Lett., 2016]
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X-ray response of warm dense beryllium

Theories with additional approximations are used
to infer transport properties (DC conductivity)

When is this valid?
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Solid = real-time TDDFT 0=60°
Dashed = Mermin dielectric + DFT 0=40°
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Consistent at small scattering angles
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At large scattering
angles, we agree well

with experiment

X-ray source
brightness jumped

9 orders of
magnitude in 2009
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Comparison to LCLS
experiment on isochorically
heated aluminum (0.3 eV)

[B.B.L. Witte, et al.,
Phys. Rev. Lett., 2017]
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Comparison to Omega
experiment on shocked
beryllium (13 eV)

[H.J. Lee, et al.,
Phys. Rev. Lett., 2009]
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Modeling support of
XFEL experiments
coming online now
promise to help

experimentalists infer
new physics

Calculations on DOE HPC resources
explain and constrain experiments at leading

facilities like Z, NIF, Omega, and LCLS

One example of Sandia's expertise in all aspects
of quantum simulation
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