Many=Bodly Perturbation theory:

Basic concepts and approximations
iy I o~

Andrea Marini

s {2

Yambo School 2025, May 20, Modena

OQ www.yambo-code.eu r |stituto di Struttura i{)
N\ ) =4 della Materia I

Ultratast Science Laboratory of the
Material Science Institute National Research Council
(Monterotondo Stazione, Italy)

{
1

i

ik

LN

FILASIH]

==L N

e e

h’r’fp ST, qambo—ooole eu/anolvea

B T N TR ST e T R, Ty T e e g

T p— T T T ¥ | ity o - ARE s oo o LT T W, Pasies ST - N 1




Different physics, difterent approaches
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Different physics, difterent approaches
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Many-Body Perturbation
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Feynman diagrams for dummies

The “200" of MBPT approximations



From Q
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role of Classical Mechanics




The “Fermi” Hamilfonian

i The radiation Gauge
(E. Fermi, 19372)

V-A(r,t) =0




/s MBPT a purely quanftistic theory?

AND THE MEN WHO MADE IT:
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Many-Body Perturbation
Theory for dummies
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The Many-Boaly problem




The Many-Boaly problem: ] parfticle approx
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Quasiparficles...

|
Landau Fermi-Liquid
Theory
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The goal of the Many Boady methods is fo
rewrite the fully interacting problem as an as
\/.< much independent as possible counter-part




Mean-Field and beyond

Fully interacting system Non interacting system
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Schrédinger equation
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Feynman path
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approach (CM
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Ljppmann-Schwinger propagators
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Ljppmann-Schwinger propagators
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Ljppmann-Schwinger propagators
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The time-dependent, interacting density (Kubo)

Ground
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Semi—classical WEAK
excitation
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The response (Green’s) function
n(r,t)=ng(r) + [ dr’ fo dt’ ’t’)V(r’,t’)
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The adiabatic ansatz
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MBPT time
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The evolution operator (scafttering potential)
H(t)=Hy+V(t
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Half the dynamics...
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The Dyson equation




Green’s Functions: Kubo revisited
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Key messages

MBPT /s based on a semi-classical definition
of the elemental interactions

In MBPT the many-body problem is ‘ to t1
rewritten in terms as pseudo-time —RN——R—=
propagation under the action of a slowly 1/
varying potential
t Diagrams allow to introduce a
" < geometric representation of

the aynamics

In MBPT time does not correspond fo real-time. At H.o 2
finite temperatures, actually, it even becomes 9 3

imaginary (Matsubara formalism,) ngg ;%%




The “200" of MBPT
approximations




The Coulomb interaction (revisited)
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Hartree-Fock (diagrammatic representation)
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Feynman diagrams in the fully interacting case
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Feynman a’/agrams in z‘he fZI/{l/ n ferac ting case
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High density
limits

The GW approximation
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Take-home messages

-') MBPT is an exact excited state theory

MBPT can take into fully account non-local processes (spatially
.) and temporally)

.) From the MBPT perspective DFT is a mean-field approximation

The price fo pay is a theory: whose complexity grows
exponentially with the perturbative order, based on the delicate
assumption of validity of the perturbative expansion, bound fo
use well documenteaq, but also rigid, approximations.
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