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Density-Potential Functional Theory
DPFT in position space

En,pu] = Exin[n] + f(dr)ﬂn(r}n(r} + Eint[n] + p (N — f(dr)n(r))
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on(r)

Legendre transformvia V(r) = pu E [V — pu] = Eyn[n] + /(dr) (V —pu)n

E[Vr n, JU’] = El [V o J'-""] T /(dr) (Vext — V) n-—+ Eint [ﬂ‘] T -'"-""hr

Output: particle density of
interacting system

Input: Noninteracting potential H\(B‘“JZ‘ SV ()
; . 5Eint-[n]
—» Self-consistent ground-state solutions: V(r) = Vext(r) + —
= 4 n(r)
Output: (effectively noninteracting) potential N = / (dr) n(r)
with interactions implicitly included \\ /
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Suzuki-Trotter Approximations

Ey=tr{(H -p)O(p-H)}

=n(r)=(r|@(p-H)|r)

=fHdE dt ime
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for linear dispersion:

mS5(r) = [ (@) f(V(r+7) oFi (2i9(V (r+ 1))

Electron-Hole puddles in graphene

[TF + Quantum corrections]

compare to Rossi, Das Sarma

PRL 101, 166803 (2008)
[TF + Exchange]
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Hooke’s atom arXiv:1709.01719
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Example: Electron-Hole Puddles beyond Thomas-Fermi

spatial density 1 - spatial density 2 spatial density 1 - spatial density 2
400 0.0025 400 0.0025
300 0.002 300 0.002
200 0.0015 0.0015
0.001 200 0.001
100 0.0005 100 0.0005
—100 —0.0005 100 —0.0005
—0.001 —0.001
—200 —200
—0.0015 —0.0015
—300 —0.002 —300 —0.002
—400 k- —0.0025 —400 —0.0025
—400-306-200-100 0 100 200 300 400 —400-300-200-100 0 100 200 300 400
TF
1200 - _ ST3 (a) 6r ~ ~ — = Noexch. d=1.0nm|7]
density Causs I ~ — Withexch.d=1.0nm1 Rossj & Das Sarma
1000 . . 5k N — = Noexch. d=0.3 nm|
histogram I N |= Withexch.d=0.3nm| | PRL 101, 166803 (2008)
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Direct Band Structure Renormalization

DPFT in position space FE|n,u] = Egin[n] + /(dr)Vext(r} n(r) + Eint[n] + p (N — /(dr)n(r))

DPFT in momentum space E[p,u] = / (dp) Tiin(P) p(P) + Eoxi[p] + Einclp] + (N — f (dp) p(p))

/ . 5E’1[T—ﬁ] \

Input: Noninteracting dispersion relation pp) = 3T (p)
| | i 1P
Self-consistent ground-state solutions: T'(p) = Tian(p) + —
B p(p)
"
Output: Interacting band structure — N = f (dp) p(p)
/for two (p) = SE A
bands P12 5T} /2(p)
5Ein s
T /2(p) = Tin,1/2(P) + 5p:£;p§2]
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Interaction Contribution from Wigner Function

n(r) = J dpw,-(Q(p)) Wigner function in
(27h) " f ~ TF approximation
g . o graphene
P(P) = oah)D fd””“"(Q(p)) =gplogl[l+ev] = f(Q) nHO  ~
1 n(r)n(r) 0 [Q(p)] wr [Q(P)]
eg. Ewlp):= [ drdr i 2(2ﬂh)zﬂ_/-drdr dpdp o
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