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Inertial Confinement Fusion

http://newscenter.lbl.gov/2011/10/19/part-i-energy-stars-earth/
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Promotional Materials, SLAC, Stanford University (2015)
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Real world equivalents

« Magnetic pressure of half a
billion refrigerator magnets

* 1 million times atmospheric
pressure

« Power >2000 lightning bolts

« 2.5 sticks of dynamite
" in1cc
= over afewns
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The Malfunction Junction
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Probing Planetary Conditions

2 - f -8 L
Jovian ; -
core ”,’06 6 §
10 4% o)
"~ T o Jupiter [
- LD e Saturn -
7 N
6 1 . i : 0 -
54 4 8 12 16 PSR J17119-1438 |
o ) Density (g cm™) Neptune H,O JPROTLL .= 0O"
- O - =
c I E I © Uranus .-—-‘".
37 _ . =MgSiO, "
. = = lron
2 - - -
Diamond
L A -
14~ - NIF |
1.7 e DAC
é 1 4I’ 1 é [ I I2 1 I4' 1 I6l l8I| I2 I h I I6
1 10 100

R.F. Smith et al., Nature 511 (2014) 330-333 MiMe
August 23, 2016 IPAM DFT



Probing Planetary Conditions
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Simulations are difficult!

« Quantum effects, strong correlation, partial

lonization.. Feemmes dan e T 96
. . ) Frank Graziani - Michael P. Desjarlais
« Approximations affect calculated material Ronald Redmer - Samuel B. Trickey Fditors
roperti e
Properties Frontiers and
Simulations are important! Fhallenges
in Warm Dense
» Data used in core structure modeling, Matter e
experimental design D ko

R.M.Nieminen
D.Roose
T.Schlick

@ Springer

« Experiments hard, expensive, limited
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Quantum Molecular Dynamics

Popular, but...

‘no explicit temperature dependence in
electrons

-computationally expensive
‘need TD electrons for response

‘no energy transfer between electrons
and ions

IPAM, UCLA
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Quantum Molecular Dynamics

...some progress:

‘building “math toolbox” for
approximations

‘novel orbital-free method

derived new linear response proof
for thermal ensembles

‘no energy transfer between electrons

and ions IPAM, UCLA
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Grand canonical potential operator
Q=H—75—uN

Electronic Hamiltonian

AN

H=T4 Ve +V

Mermin, N.D. Phys. Rev. A, 137: 1441 (1965).
Pittalis, S. et al. Phys. Rev. Lett., 107: 163001 (2011).
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Entropy operator:

AN

S =— kBlnf’

Statistical operator:
['= Z wNz"Isz><‘Isz|
N,

Observables:

Ol =Tr {TO} = Y wy(Un;|O¥y,)

) i
N )

Pittalis, S. et al. Phys. Rev. Lett., 107: 163001 (2011).
Pribram-Jones et al., “Thermal DFT in Context,” Frontiers and Challenges in Warm Dense Matter, Springer Publishing
(2014), p 25-60.
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Map interacting system to non-interacting system with same density.

Kohn and Sham, 1965.

August 23, 2016
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Temperature-dependent free energy:

ATIn| =Tn| 4+ Vee|n] + Vn| — 75[n]
= Ts[n| + Uln| + Vn| — 75s[n| + Ayc|n]

Kinetic, potential, entropic exchange-correlation:

Axc [n] = Txc [n] + Uxc [n] — TSxc [n]

Pittalis, S. et al. Phys. Rev. Lett., 107: 163001 (2011).
Pribram-Jones et al., “Thermal DFT in Context,” Frontiers and Challenges in Warm Dense Matter, Springer Publishing
(2014), p 25-60.
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Correlation free energy: kentropic, potential, kinetic, entropic

= K¢n] +Ugn]

"
Q-
|

Kiln| = T¢n] —7.5¢(n]

C

Combine with ACF to get a set of relations, such as:

T d>\ T,
ATl =~ | 3 K

APJ and K. Burke, Phys. Rev. B 93, 205140 (2016)
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Combine finite-temperature ACF (Pittalis et al., 2011)

azinl = [ Rz

with coupling constant-coordinate-temperature scaling (Pittalis, et al.,
2011) N 5 /
-
ATS[n] = A Axc 721 /2]
Change of variables yields thermal connection formula:

_ T . ™ dr’ T
Al =3 o, | 2 Ueln s

T

APJ and K. Burke, Phys. Rev. B 93, 205140 (2016)

August 23, 2016 IPAM DFT

16



_ T ™ dr’ s
Axeln] = 5 lim —z Uxeln, /777

« Relates exact XC free energy to high temperature, high density limit
« Need knowledge of XC potential energy at scaled densities, not at

scaled interaction strengths
« Reduces to plasma physics coupling-constant relation for uniform

systems
« Generalization of plasma physics formula to density functionals and
iInhomogeneous systems

APJ and K. Burke, Phys. Rev. B 93, 205140 (2016)
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Using finite-temperature fluctuation-dissipation theorem for the correlation
free energy in terms of the thermal density-density response function:

A'T

W[5 fo oo ()t

Useful for computation and theory:

*Generates new XC approximations for FT DFT
*Provides link between finite-temperature and infinite-temperature limit

APJ, P.E. Grabowski, and K. Burke, Phys. Rev. Lett. 116, 233001 (2016)
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Exact expression, as long as exact thermal kernel is used:

(X3)" (12) = (X)) (12) + fu(12) + f%(12)

Approximations to thermal XC kernel:

e f7c(12) =0 - thermal RPA

CALDA d2 T, un1f (n)
LD
LA 1,1/, ) = T
n(r)
> Approximate Al n

APJ, P.E. Grabowski, and K. Burke, Phys. Rev. Lett. 116, 233001 (2016)
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« Exact conditions relating components of correlation free energy

« Thermal connection formula: adiabatic connection via
temperature integral

« Can generate XC free energy approximations from thermal kernel

For further information

* Linear response of thermal ensembles: A. Pribram-Jones, P.E.
Grabowski, and K. Burke, Phys. Rev. Lett. 116, 233001 (2016).

* Thermal connection formula and exact conditions: A. Pribram-Jones
and K. Burke, Phys. Rev. B 93, 205140 (2016).

* Thermal DFT: A. Pribram-Jones, S. Pittalis, E.K.U. Gross, K. Burke,
Frontiers and Challenges in Warm Dense Matter, Springer Publishing
(2014), p 25-60.

* Quirky overview of DFT: A. Pribram-Jones, D.A. Gross, K. Burke, Ann.
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