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state of the art: GW+BSE
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Bootstrap functional

Dyson equation:

ε−1(q, ω) = 1+v(q)χ(q, ω) = 1+
v(q)χ0(q, ω)

1− [v(q) + fxc(q, ω)]χ0(q, ω)
,

Bootstrap kernel

fBS
xc (q, ω) = −ε

−1(q, ω = 0)v(q)

ε0(q, ω = 0)− 1



Small to medium bandgap material

0

10

20

30
Ge

0

5

10

15

20
Diamond

0

15

30

45

ε 2(ω
) Si

E1
E2

RPA
Expt.1
Expt.2
TDDFT

0

3

6

9 AlN

0 2 4 6
Energy(eV)

0

10

20

30

GaAs

3 6 9 12 15 18
Energy(eV)

0

10

20
SiC



Large bandgap insulators
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Relation of Bootstrap to other functionals

Bootstrap kernel

fBS
xc (q, ω) = −ε

−1(q, ω = 0)v(q)

ε0(q, ω = 0)− 1

Two other functionals that work

1. LRC= α
q2[

− ε−1(q,ω=0)
ε0(q,ω=0)−1

]
v(q) =

[
− ε−1(q,ω=0)
ε0(q,ω=0)−1

]
4π
q2

2. BSE derived NQ kernel

Mvv′cc′kk′ = −
∫
d3rd3r′φvk(r)φ∗ck(r′)W (r, r′)φ∗v′k′(r)φc′k′(r

′)

W (r, r′) =
1

Ω

∑
GG′q

e−i(G+q).r 4πε−1GG′(q)

|G + q||G′ + q|
ei(G

′+q).r′



Real part of the dielectric function
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Importance of bootstrap procedure
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