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Motivation

Physical problem: warm dense matter (WDM)

Challenging region between normal condensed matter and

plasmas:

[':=Q%/(rskgT)

Mainly use non-perturbative method such as DFT for the

electrons;

Fast, accurate forces are required in the ab initio molecular

dynamics (AIMD).

O .= kBT/EF

both parameters = 1
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Ab initio Molecular Dynamics(AIMD)

lonic motion due to

Electronic forces on he forces

ions from DFT
Newton’s Law
Hellmann-Feynman

DFT driven
Theorem

AIMD

Expen$ive!

Updated Ion configuration
Thermodynamics
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Finite-T DFT
E[n] = Ts[n] + Egn] + Eyc[n] + /dr3 Veat(r)n(T)

[—%\72 + Vext (1) + / ars M) ’ch(r)] pi(r) = eipi(r)

v —r'|

Kohn-Sham DFT

Ne
- 0
n=Y Aol wln] =

bands is enormous

Number of thermally occupied ‘

dE[n]

Orbital-free DFT = i,
on

Kinetic Energy Density Functional
T = Ti[n] KEDF

L Not Ts[{i}]
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Progress Summary

We've made multiple contributions to predictive accuracy and caculational speed!

Development of exchange-correlation (XC) free energy functionals
Phys. Rev. Lett. 120, 076401 (2018)

1 Analysis of the theoretical underpinning of the Kubo-Greenwood approximation
Comput. Phys. Commun. 221, 118 (2017)
Contrib. Plasma Phys. 58, 150-154 (2018)
Phys. Rev. E 97, 012149 (2018)
Phys. Rev. E, 98, 033203 (2018)

[ De-orbitalization of meta-GGA XC functionals for orbital-free calculations
Phys. Rev. A 96, 052512 (2017)
Phys. Rev. B 98, 115161 (2018)

1 Pseudo-density adapted non-interacting free energy density functionals
Phys. Rev. B 98, 041111(R) (2018)

UF Fikib 7 .




KEDF

Ts[n| = fdr tsn(r), Vn,...]

- - -

One-point functionals

/

: /
e Thomas-Fermi, von !

Weizsacker |'
e GGA:LC94,TWO02, EOO,

APBEK, VT84F “
e meta-GGA: PCO07, Pauli- \

Gaussian 2018 \

\
1
' - .
1 Two-point functionals
)

/
/ Wang-Teter 92
Wang-Govind-Carter 98, 99
Huang-Carter 10

Sjostrom-Daligault 14

Tnp[n] =cpp [drde’ n®(r)K[n(r), n(r'),r, r']nf (r')
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Generalized Gradient Approximation (GGA) for T¢[n]

_|Vn| _ 1 |Vn|

TECAn] = /dI‘tTF(I')Ft(S(I‘)) trp(r) == cppn®/3(r) § = onks  2(3m2)L/3 nd/3
Thomas-Fermi F,(s) = 1 and von Weizsacker F(s) = 5s2/3;
* Uniform scaling for T4 is automatically satisfied.
Previously, the most successful GGA was VT84F (Phys. Rev. B 88, 161108(R) (2013)), constrained

according to densities obeying Kato cusp condition.

2, —as? i 5 2
RN = 1= s b (= e )

3
m = S,H — 4 o = 1.2965 1! =2.778
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1 Pseudo potentials are used ubiquitously in AIMD, so an approximate KEDF must be

adapted accordingly;
3 Lieb-conjectured bound: Ts < Trr + Tw ;

[ Exact constraints from Pauli decomposition: 5T
(see Levy-Ou-yang, Phys. Rev. A 38, 625 (1988)). T, [n] = Tw [n] -+ Tg[n] . Vg (r) = 5 ( )
on(r
1 Ne
t({rb e = v"z 2 g tolrb s
Non-universality of KEDF is necessary.
To[n] > 0;
t :
ve(r) > o(r) >0, Vr.
n(r)
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New Functional LKT

FLKT _ 1 3 2
p(s) = + 58
cosh(as) 3
) I PPN
S
s \‘ \
AN}
L ‘\ \‘
_ospTr - LKT A \
Y VT84F Y
w ' W
-------- APBEK NN
i L] .\\.\\
0.0 : S
-0.5 1 '| !
0.01 0.10 1 10

100

A set of Kohn-Sham atomic pseudo densities from
H to Ne is used.

Post-SCF calculations of Pauli potential vy. Vary
the value of parameter a, and check if
Vg > 0. This requires parameter
a<li4,
which ensures all atoms have vy > 0.

We performed some tests beyond the training set
at both SCF and post-SCF levels. Bulk derived
local pseudopotentials(BLPS) are used for the
tests.

a=1.3

UF'i

NIVERSITY of

FLORI

DA

11



Performance of LKT at T=0 K

TABLE I. KEDF performance on solid metals and semiconduc-
tors: MARE of equilibrium volumes V;, energies E, and bulk moduli

. . By, t . See text f tation.
Two-point functionals: WGC, HC, KGAP 0. & perCelages. see TexT Tor noton
. , B Metals Semiconductors
T = rdr n®(r)K[n(r),n(r'),r,r r
NL[“’] CTF/d d n ( ) [n( )5“( )5 ) ]n ( ) KEDF VO EO BO VO EO BO
WGC 0.7 00 2.7

[HC 55 06 123 1.5 0.5 4.9
KGAP* 4.0 5.1 3.0 16.2
- - [ VT84F 6.0 0.1 116 10.5 3.6 564
LKT takes less |ter§1t|on_s to SOF-CFD* 52 06 8.5 3.4 09 100
converge and each iteration takes LKT i0 02 77 31 53 i3

about 5 CPU time of HC.

“Note: only metals with cubic symmetry were included and PBE XC
was used.

See details in Phys. Rev. B 98, 041111(R) (2018)
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Thomas-Fermi free-energy functional

QUEG
F0.T) = @) — (a )

=V

t:T/TF =

3
T:OTF(H) _ E(:,)J,Tz)z/snﬂzs _

0, T) = g (k1)
2
|: — 513/2(3#) + 3#11/2(‘3#)}

n2p52

K(t) = —t/?
BB 0

5 w2 B5/25/2

See details in Phys. Rev. B 86, 115101 (2012)

9
I3/o(Bp) + Budy j2(Bie)

Fln] = f fXE @), T)dr
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GGA free-energy functional

FONn, 1) = [ 7 fOF (- F s,

| dr

kinetic entropic

o o/ O — R (1)
sr(n,Vn,T) =|s(n,V “/ 0

B th(t)
55(n,Vn, T) =|s(n,Vn R0

M) =5

§(t) = k() —tr'(t),
C(t) = —tr'(t).

1 Lipp(Bp)_3/2(Bp)

131/2 (Bu)

F3%%sp) = (1 + 257)

F3%(sq) = (1= 3s2)

See details in Phys. Rev. B 86, 115101 (2012)
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Computational Cost
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The AIMD simulation was performed with
PROFESS@QuantumEspresso for both
Kohn-Sham and orbital-free DFT on the

equal footing.

KDT16 free energy XC functional
Andersen thermostat, p=1.0 g/cm?3

Hard local pseudo-potential for H with core
radius 0.25 au.
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ft Thomas-Fermi
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LKTF for H at fixed bulk density
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LKTF for H at various densities
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Deuterium: rs=1.10 bohr

Pressure (Mbar)

1t

104

102 4

Pressure Ratio
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0.98 -

PZ LDA XC functional

Andersen Thermostat,
density 4.04819 g/cm3,
Same hard local pseudo-potential as H
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Conclusions

1 We have built a new constraint-based GGA non-interacting KEDF

1 The free energy functional has reduced the pressure error by a factor of

1 More tests on other elements are underway.

adapted to pseudo density, instead of Kato density;

two. It enables fast determination of equation of state.
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