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Different physics, different approaches
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Different physics, different approaches



  

The Many-Body problemThe Many-Body problem
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The Many-Body Problem: a micro-macro connectionThe Many-Body Problem: a micro-macro connection



  

A (very) hard job!A (very) hard job!
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Many-Body Perturbation Theory for Many-Body Perturbation Theory for 
dummiesdummies

Feynman diagrams for dummiesFeynman diagrams for dummies

The “zoo” of MBPT approximationsThe “zoo” of MBPT approximations



  

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



  

The Many-Body problem

DFTDFT

MBPTMBPT



  

The Many-Body problem: 1 particle approxThe Many-Body problem: 1 particle approx
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Quasiparticles...Quasiparticles...

H=∑i
h(xi)+

1
2 ∑i≠ j|xi−x j|

−1=h+H '

The goal of the Many Body methods The goal of the Many Body methods 
is to rewrite the fully interacting is to rewrite the fully interacting 
problem as an as much problem as an as much 
independent as possible counter-independent as possible counter-
partpart

Bare particleBare particle

For MBPT KS is For MBPT KS is 
a  mean-field a  mean-field 
quasiparticlequasiparticle



  

Feynmann diagrams for Feynmann diagrams for 
dummiesdummies



  

The  Coulomb interaction The  Coulomb interaction 

Poisson
Poisson

Let’s add an external Let’s add an external 
(oscillating) charge in (oscillating) charge in 
the systemthe system

22ndnd quantization quantization



  

The time-dependent, interacting density (Kubo)The time-dependent, interacting density (Kubo)

Kubo
Kubo

Semi-classical excitationSemi-classical excitation

GroundGround
State         State         

Density Functional TheoryDensity Functional TheoryDensity Functional TheoryDensity Functional Theory



  

The response (Green’s) functionThe response (Green’s) function



  

The time-dependent, interacting densityThe time-dependent, interacting density

Adiabatic HypothesisAdiabatic Hypothesis



  

The evolution operator (scattering potential)The evolution operator (scattering potential)

Constrained time integralsConstrained time integrals



  

Half the dynamics...Half the dynamics...



  

Green’s FunctionsGreen’s Functions
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The Dyson equationThe Dyson equation

The Dyson EquationThe Dyson Equation



  

Green’s Functions: Kubo revisitedGreen’s Functions: Kubo revisited

Non-linear termsNon-linear terms



  

Key messagesKey messages

Basic MBPT process is Basic MBPT process is 
screening trough the screening trough the 

excitation of electron-hole excitation of electron-hole 
(neutral) pairs(neutral) pairs

The very same process The very same process 
can be easily described  can be easily described  
by using a diagrammatic by using a diagrammatic 
representationrepresentation

MBPT is (by far) more MBPT is (by far) more 
powerful when we move powerful when we move 

to more complicated to more complicated 
interaction potentialsinteraction potentials



  

The “zoo” of MBPT The “zoo” of MBPT 
approximationsapproximations



  

The  Coulomb interaction (revisited) The  Coulomb interaction (revisited) 



  

Feynman diagrams in the fully interacting caseFeynman diagrams in the fully interacting case
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The Self-EnergyThe Self-Energy

The PropagatorThe Propagator
HartreeHartree

FockFock



  

Feynman diagrams in the fully interacting caseFeynman diagrams in the fully interacting case

Use Physical arguments to choose Use Physical arguments to choose 
specific classes of diagrams !!!specific classes of diagrams !!!

Short-range Short-range 
interactions ?interactions ?

Low density Low density 
regime ?regime ?

High density High density 
regime ?regime ?

ConservingConserving
approximationsapproximations



  

The GW approximationThe GW approximation
High density High density 

limit!limit!



  

The T-matrix approximationThe T-matrix approximation



  

Take-home messages

MBPT is an exact MBPT is an exact excited stateexcited state theory theory

MBPT is based on Quantum Mechanics and can take into fully MBPT is based on Quantum Mechanics and can take into fully 
account account non-local processes (spatially and temporally)non-local processes (spatially and temporally)

From the MBPT  perspective From the MBPT  perspective DFT is a mean-field approximationDFT is a mean-field approximation

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