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Motivation

Success of DFT depends on exchange-correlation approximations
Inverse Kohn—Sham: given ground-state density, find effective potential
Periodic systems
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Theory

2 Theory
Periodic DFT Framework
Moreau—Yosida Regularisation
Inversion Scheme
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Periodic DFT Framework

Periodic function spaces over the unit cell C
peEX=H1C), veX*=HYC) (1)

Born—von Karméan boundary conditions
Hamiltonian

ZV2+Zvext ;) +>\i2w =T+ V+AW (2

i=1 j=1

Yukawa interaction w
Explicit form of the duality map J : X — X*
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Moreau-Yosida Regularisation

Constrained-search universal functional

Fa(p) = inf TrTH, (0)

. 4)
Ex(v) = inf (Fx(p) + (v, )
peX
Moreau—Yosida regularisation
Fi(p) = min (Fx(0) + g0 = pl%), £>0 (5)
Proximal density
p° = prox(p) = argmin (F(0) + 5[lo — pll%) (6)
eF peEX
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Inversion Scheme

Model functional

F¢%(p) = Tu(p) + a(vexs, p) +EBu(p, p),  Tu(p) = Fazo(p)

Effective KS potential

’Ui = QUext 1 gvH(,OS) + %J(p6 - pref) 5 Pa = prox (,Oref)

mod
sFa@

Modified Hartee—Fock energy
Evr (D) = Tr((T + av) D) + Au€u (D) — AEx(D) + 3= llop — pret [k

Forward: « = 1, v = Vext, Au =M\ =1, and 1/e =0 = pyer
Inverse: A\, =0, \g =&, and v = vy = s
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Results

3 Results
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Results

1D periodic Hartree—Fock model

Exact exchange inversion

Proof-of-principle for extended
systems.

10° 107 106 10° 10' 0% 102 10 100
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Error Analysis

4 Error Analysis
Fourier Mode Cut-Off
Stochastic Noise Model
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Fourier Mode Cut-Off

pref(G)a if ’G| < Gtrunc;

pref(G) = pref(G) + 5ﬂ(G) = . (10)
0, otherwise.
Distance to perturbed density Distance to unperturbed density
1072 1072
1073
10 =107
L\Q 107 <
S . — ||8pllx = 25%107 LY — ||6pl|x = 25%107
107 === |lop|lx = 5.4x1075 10-4 === |opllx = 54x107°
10 —= [|0p||x = 2x107* —= ||op||x = 2x107*
------ [|6p]|x = 0.001 e |10p][x = 0.001
1073 1072 107 10°

107 10 10 107* 107 107 107" 10"
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Normally Distributed Noise
Perturbations dp(G) drawn from N (0, o)
Variance o2 o< G2

pllx =5x 1077

1ol x =5 x 107°

157 = pretll

17° = presll x
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Normally Distributed Noise

More carefully selected noise model.

|6p]x =5 x 107 16p]lx =5 x 107°
10° 10°
-
-
107! 107! ///
1072 1072 2
108 Z10-
1074 < ot
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10°° 10-6
1077 10-7
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Outlook

5 Outlook
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Outlook

Beyond exact exchange
Higher-dimensional periodic systems

Improved exchange-correlation functional development
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Inversion Scheme

Select external potential vext.
Compute the Hartree—Fock ground state.

Select a model functional, «, ¢ € {0, 1}.
Minimise Eqe, generating p°.

Save ¢, p°,
it = CJ(PC - Pref)-

Done

{¢,p%,uc}
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