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Different physics, different approaches
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Different physics, different approaches
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Adapted from M. van Schilfgaarde et al. PRL 96 (2006)




The Many-Boady problem
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Many-Body Perturbation Theory for
dummies

Feynman diagrams for dummies

The “200" of diagrammatic approximations




Many-Body Perturbation
Theory for dummies




The Many-Body problem
H= Z h(x.,p;) Z ¢J‘X x‘




DFT

MBPT 4
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Fully interacting system

O = particle

Fully interacting system

O particle

Fully interacting system

O particle

Hohenberg-Kohn

Theorem

Same
Ground- State
density n(r)

Diagrammatic
Expansion

Same Excitation
Spectra

Diagrammatic
Expansion

Same Excitation
Spectra

The Many-Body problem

W

2V

2V

Non interacting system

OogoO
O

o© ©
o ©Oo

O = Kohn-Sham particle

Weakly interacting system

.Qparticle OQhole

W%ly interacting system
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The Many-Boaly problem: | parfticle approx
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Quasiparticles...
H,
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For MBPT KS is
a mean-field
quasiparfticle

The goal of the Many Body methods
s to rewrite the fully interacting
problem as an as  much
independent as possible counter-
part
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Feynmann diagrams for _
dummies SRR




The Coulomb interaction

Let's add an exfernal
(oscillating) charge in
The system

Ay + / AV (2, 1)




The time-dependent, interacting density (Kubo)

Ground

\Ij(t)> Stafe \Ij(t) = Wy

n(r,t)=ng(r) + [ dr’ fo dt’' 't (vt, vtV (x', t')

x(rt,r't") = —i (U |[n(r, t),n(c’, ]| ) O(t — ')



The response (Green's) function
n(r,t)=ng(r) + [ dr’ fo dt’ ’t’)V(r’,t’)
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The time-dependent, interacting density

n(r,t) = (w(0) [T () ) | w(n))
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Adiabatic Hypothesis




The evolution operator (scattering potential)
H(t)=Hy+V(t
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U(t) = Uo(t) F ()

t t1
F(t) =1 —7;/ dt, Vi (t) / dt1/ dto Vi () Vi (ts) +

C onsframed time in z‘egm/s
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Half the dynamics...
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Green’s Functions




The Dyson equation

Go X G
The Dyson Equation




Green’s Functions: Kubo revisited

A ~ ~ A,

AU U (t)d],

(w(t)

(r) . Non-linear terms
[dr’ |, dt’'x (rt, etV (r',t')



Key messages

£

Basic MBPT process is
screening trough the
excitation of electron-hole
(neutral) pairs

oo

" #! ¢ Ihe very same process
< - A—.=1= can be easily described
K k / k by using a diagrammatic

representation

Go Go 2 G

MBPT is (by far) more
power ful when we move
to more complicated
interaction potentials




The “200" of diagrammatic
approximations




The Coulomb interaction (revisited)
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Feynman diagrams in the fully interacting case
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Feynman diagrams in the fully interacting case
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High density
limit:

The GW approximation
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