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Why more than Hartree-Fock?

Hartree-Fock

=

L G X L r X L G X

Germanium band structure

Exp. from PRB 32 (1985); PRB 47 (1993);
Hartree-Fock from PRB 35 (1987); GW from PRB 48 (1993)
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Photoemission: beware the reality

L
V203 Not discussed in the following:

PM phase

@ matrix elements - cross sections
(dependence on photon energy /
vy photon polarization)

5934 eV
I e N Y @ sudden approximation vs.
TN A\ interaction photoelectron -

T=200K

N e system

o — /\ 3TV @ surface sensitivity
T i i @ temperature
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binding energy (V)

S. Hufner, Photoelectron spectroscopy (1995)

E. Papalazarou et al., PRB 80 (2009)
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What happens?
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Non-interacting particles
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Non-interacting particles
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Interacting particles

0000
0 O00
0000



Interacting particles
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Interacting particles
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Screening

W(I"1 , o, w) = / dr3€_1 (I‘1 , I3, w)v(r3, rg)




Screening: quasiparticles

Quasiparticle

electron screening quasiparticle
cloud
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GW approximation: summary




Screening

W=¢c'v
Equivalently (remember: ¢ = 1 + vy):
W=v+vyv
@ W = bare Coloumb interaction v + interaction with polarization

charge
@ y is calculated in RPA




GW approximation
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additional charge — reaction: polarization, screening

GW approximation

@ polarization made of noninteracting electron-hole pairs (RPA)

@ classical (Hartree) interaction between additional charge and
polarization charge




GW and Hartree-Fock

Hartree-Fock

Y(12) = iG(12)v(172) Y (12) = iG(12)W(1"2)
@ v infinite range in space @ Wis short ranged
@ v is static @ W is dynamical
@ Y is nonlocal, hermitian, static @ ¥ is nonlocal, complex,
) dynamical
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Hartree Fock: self-consisten

Kohn-Sham vs. Hartree-Fock

|:—%2 ar Vext(r) T VH(r)
VZ
5 a4 Vext(r) A VH(r)

|

y(r,r)

t vs. perturbative solution

] (1) + Vie(N)or(r) = crpi(r)

} oi(r) + / ar 5(r.¥) 6,() = E é4(r)

_ X ei(n)ei (r)

with: Ty (r,r') = — v

- Ir—r|




Hartree Fock: self-consistent vs. perturbative solution

Kohn-Sham vs. Hartree-Fock

VE
|~ Verl®) 4 Vol0)| 6) + V() = ()

[_%2 + Ve (r) + VH(I')} #i(r) +/dr' Tx(rr) 6i(r') = E ¢i(r)

A(rr) X a0 ()

F—r| [r—r|

with: Ty (r,r') = —

.

First-order perturbation theory

Hypothesis: ¢;(r) ~ ¢;(r)




Hartree Fock: self-consistent vs. perturbative solution

Kohn-Sham vs. Hartree-Fock
VE
[—7 T Voelr) + vH(r)] (1) + Vie(N)or(r) = crpi(r)

-5+ Ve + Vi) 6x) + [ o Zule.0) 6(6) = Bt
A(rr) X a0 ()

with: ):X(r’r/):_|r—r’| - r—r|

.

First-order perturbation theory

Hypothesis: ¢;(r) ~ ¢;(r)

) o XX ei(n)e; (F)
r—r| Ir—r'|

Zx(ra rl) = -
First-order perturbative correction:

Ei >~ €i + {pilXx — Viclei)




Hartree Fock vs. GW: self-energy

Hartree-Fock

T.(12) = iG(12)v(172)

Gt 3 B0 )

i - ror
Tu(r1,12) = E/dw’e’" G(ry, 2, w")v(ry,r2) = _K.E 1_’:;)'

Y« is nonlocal, hermitian, static




Hartree Fock vs. GW: self-energy

Hartree-Fock

T.(12) = iG(12)v(172)

Gt 2.0 - 5 A1

w’ r,r
Tx(r,r2) = /dw’ e G(r1, r2,w )V(F1, 12) = _ﬁ( 1y r2)|
12

Y x is nonlocal, hermitian, static

T(12) = iG12)W(1*2)

Y(ry,r2,w) = /dwl & G(ry, F2,w + W' ) W(ry, r2, ')

¥ is nonlocal, complex, dynamical (frequency dependent)

G??7?




Hartree Fock vs. GW: Dyson equation

Hartree-Fock

[w — Ho(r)] G(r1, 2, &) — /drgzx(n 13)G(fs, 12, 0) = 6(ry — 1)

[w = Ho(l'1 )] G(H,I‘z,w) = /drsz(n,r;;,w)G(rg, I'z,w) S (5([‘1 = I‘2)

with Ho(r) = — 5 + Vex(r) + Vi(r)



GoWo: Quasiparticle corrections

Standard perturbative GoW,

Ho(r)i(r) + / ' £(r,r,w = ) (') = E 6,(r)




GoWo: Quasiparticle corrections

Standard perturbative GoW,

Ho(r)i(r) + / ' £(r,r,w = ) (') = E 6,(r)

Ho(r)i(r) + Vxc(r)pi(r) = eipi(r)




GoWo: Quasiparticle corrections

Standard perturbative GoW,

Ho(r)i(r) + / ' £(r,r,w = ) (') = E 6,(r)

Ho(r)i(r) + Vxc(r)pi(r) = eipi(r)

Hypothesis: ¢;(r) ~ ¢i(r)




GoWo: Quasiparticle corrections

Standard perturbative GoW,

Ho(r)i(r) + / ' £(r,r,w = ) (') = E 6,(r)

Ho(r)i(r) + Vxc(r)pi(r) = eipi(r)

Hypothesis: ¢;(r) ~ ¢i(r)
First-order perturbative corrections with ¥ = iGy W:

Ei — e = (pi|ReZ(E;) — Vixclei)




GoW,y: Quasiparticle corrections

Standard perturbative GoW,

Ho(r)i(r) + / ' £(r,r,w = ) (') = E 6,(r)

Ho(r)i(r) + Vxc(r)pi(r) = eipi(r)

Hypothesis: ¢;(r) ~ ¢i(r)
First-order perturbative corrections with ¥ = iGy Wp:

Ei — € = (pi|ReX(Ei) — Viclpi)
X(Ei) = X(ei) + (Ei — €)0.E(w)l¢ )
Ei = € + Zi(pi|ReX(€;) — Vic|eoi)
Zi = (1 - (d.Rez(w)l)) ™"

Hybersten and Louie, PRB 34 (1986); Godby, Schliiter and Sham, PRB 37 (1988)
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