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- We already have such a theory, TDDFT...
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Density response due to
hard x-rays in solid Be

...and it reliably provides us with a wealth of information

Wake of a keV proton in Al Current response in electride liquid Li

But, we know it has deficiencies

e Orbital-based - aufbau baked in, but cost prohibitive above 100 eV
o Excited state properties beyond DFT, but far from perfect

o Detficiencies are difficult to remediate

* These problems have proved difficult enough in molecules/solids
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Overview of thermal TDDFT @ ﬁg?igiﬁal

e Density built from TD orbitals with fixed Mermin weights
Z fn ‘an k )|2

« Orbitals verity the TD Kohn Sham equation
s, V2
ignatent) = (=0 + v (0)) Gl

« Potential = Coulomb field of atoms + driving potential + Hxc

vs [p] (r,8) = Vet (v, t) + vm [p] (r, 1) + vae |p] (v, T)

* Fluctuation-dissipation gives us an exact DSF functional

op(q,w) B S(q,w) = 1 S Xp,p(Q —q,w)]
OVeyt (q7 LU) | | T 1—ew/ksle

Xp.p(Q, —q,w) =
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* TDDFT (+ Ehrenfest dynamics) in VASP

* Georg Kresse’s group (www.vasp.at)
* Commercial code (most used in mat. sci.)

* Many SNL successes with ackage
* DFT-MD for thermodynamics imulation

* Kubo-Greenwood for transport

Strong Scaling on Sequoia
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(Test system = shock compressed Xe)
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...but what should we expect from ab initio methods?

High resolution data from condensed matter calibrates expectations

Compare to energy
domain TDDFT and
experiment from
Cazzaniga, et al., PRB
(2011)

RPA = time-dependent
Hartree approximation,
but not applied to jellium
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454 K + ~40 GPa, just above ambient melt line
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X-Ray Thomson-Scattering Measurements of Density and
Temperature 'n Shock-Compressed Eeryllium

k. J. Lee, B Neumayer, J Castor, T. Dopoa-er R W Falcone. . Fortmann, B. & Hammel, A L Krtcher, ©. L.
Larcer, R W Lee, L. D. Mayemcter D. H. Munro, R, Redma, 5. F Ragzan, S. Vieter, and 5. H. Glenzar

Prys, Rev, Loti. 102, 115001 - Publishad 15 March 2009
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TDDFT picks up electron correlation effects that

Souza, et al., PRE, 89 (2014)

DFT fails to pick up
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TDDFT agrees w/experiment as well as more
empirical theories
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030  Change in Hartree energy (1000x linear response)
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oY » Hartree energy is observable
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1.) Kohn-Sham occupancies don’t know how to change!

an | b (r, 1)

2.) Even if they could, we don’t have high (~keV) energy states
iInto which we can directly drive core electrons...

3.) Nor do we have the possibility of capturing Auger processes...

4.) Not only do we need to treat these excitations, but we need a
reliable method tor capturing their equilibration...

Real-time WDM Mail: adbacze@sandia.gov


mailto:adbacze@sandia.gov?subject=

: Sandia
Conclusion National

Laboratories

TDDFT is a great start for ab initio simulations of warm dense
matter, in- and out-of-equilibrium, but it isn't perfect...

1. TDDFT captures physics that DFT does not
2. TDDFT’s accuracy is decent, but difficult to improve upon

3. There are clearly defined deficiencies that need to be resolved,
and we are working on going beyond TDDFT at SNL

Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and
Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the DOE'’s
National Nuclear Security Administration under contract DE-NA0003525.
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Consider the optical absorption spectrum of Nao

1. Start from the DFT ground state
2. Apply an electric field along dimer axis
3. Record the dipolmoment N time

Dipole Response of a Sodium Dimer ) . o
Response to Longitudinal Exciation
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