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Actors in Material Science

Experimentalists Experimentalists 
(Motto: Theoreticians do not understand (Motto: Theoreticians do not understand 
what we measure)what we measure)

Runners (Motto: If it exists we can simulate it!)Runners (Motto: If it exists we can simulate it!)

TheoreticiansTheoreticians
(Motto: Experimentalists do not (Motto: Experimentalists do not 
understand what they measure)understand what they measure)
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The AiMBPT The AiMBPT (Ab-Initio Many-Body Perturbation Theory)(Ab-Initio Many-Body Perturbation Theory)

Parameter freeParameter freePredictivePredictive AccurateAccurate

AiMBPTAiMBPT  is... is... 

G. Onida, Rev. Mod. Phys. 2002G. Onida, Rev. Mod. Phys. 2002
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The Ab-Initio “Way”The Ab-Initio “Way”
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The Many-Body Problem: a micro-macro connectionThe Many-Body Problem: a micro-macro connection
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The Many-Body problem: 1 particle approxThe Many-Body problem: 1 particle approx
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ĥ|n ⟩=ϵn|n ⟩
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Quasiparticles...Quasiparticles...
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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



  

The MBPT approach to the TD densityThe MBPT approach to the TD density
GroundGround
StateState

Density Functional TheoryDensity Functional TheoryDensity Functional TheoryDensity Functional Theory

Adiabatic HypothesisAdiabatic Hypothesis



  

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

Constrained time integralsConstrained time integrals



  

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



  

The Dyson equationThe Dyson equation

The Dyson EquationThe Dyson Equation



  

The GW approximationThe GW approximation



  

A quick view on an A quick view on an 
advanced MBPT applicationadvanced MBPT application



  

““Optical” vs “Elemental” ExcitonsOptical” vs “Elemental” Excitons

Exciton-Phonon scattering reveals the excitonic “internal structure”Exciton-Phonon scattering reveals the excitonic “internal structure”Exciton-Phonon scattering reveals the excitonic “internal structure”Exciton-Phonon scattering reveals the excitonic “internal structure”

F. Paleari and AM, F. Paleari and AM, Phys. Rev. B 106, 125403 (2022)

““Optical” ExcitonOptical” Exciton
““Elemental” ExcitonElemental” Exciton



  

Yambo: from MBPT to Yambo: from MBPT to 
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The Yambo projectThe Yambo project
Yambo: an ab initio tool for excited state Yambo: an ab initio tool for excited state 

calculationscalculations,,
A. Marini, C. Hogan, M. Grüning, D. Varsano,A. Marini, C. Hogan, M. Grüning, D. Varsano,

Comp. Phys. Comm. 180, 1392 (2009). Comp. Phys. Comm. 180, 1392 (2009). 

Many-body perturbation theory calculations using the Yambo codeMany-body perturbation theory calculations using the Yambo code,,
D. Sangalli, A. Ferretti, H. Miranda, C. Attaccalite, I. Marri, E. Cannuccia, P. Melo, M. Marsili, D. Sangalli, A. Ferretti, H. Miranda, C. Attaccalite, I. Marri, E. Cannuccia, P. Melo, M. Marsili, 
F. Paleari, A. Marrazzo, G. Prandini, P. Bonfà, M. O. Atambo, F. Affinito, M. Palummo, A. F. Paleari, A. Marrazzo, G. Prandini, P. Bonfà, M. O. Atambo, F. Affinito, M. Palummo, A. 

Molina-Sánchez, C. Hogan, M. Grüning, D. Varsano, A. Marini;Molina-Sánchez, C. Hogan, M. Grüning, D. Varsano, A. Marini;
J. Phys.: Condens. Matter 32, 325902 (2019)J. Phys.: Condens. Matter 32, 325902 (2019)
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YAMBOYAMBO is an open-source code released within the GPL  is an open-source code released within the GPL 
licence implementing first-principles methods based on licence implementing first-principles methods based on 
Green’s function theory to describe excited-state properties Green’s function theory to describe excited-state properties 
of realistic materials.These methods include the GW of realistic materials.These methods include the GW 
approximation, the Bethe-Salpeter equation (BSE), electron-approximation, the Bethe-Salpeter equation (BSE), electron-
phonon interaction and non-equilibrium Green’s function phonon interaction and non-equilibrium Green’s function 
theory (NEGF).theory (NEGF). www.yambo-code.euwww.yambo-code.eu
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The Yambo projectThe Yambo project

InternationalInternational

CommunicativeCommunicative

CollaborativeCollaborative

PerformancePerformance



  

Be collaborativeBe collaborative
Developers MeetingsDevelopers Meetings

Young DevelopersYoung Developers
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Parallelization and PerformanceParallelization and Performance
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The path from mistery to masteryThe path from mistery to mastery



  

How to go from mistery to masteryHow to go from mistery to mastery

Understand levels of complexityUnderstand levels of complexity

Learn through hands-on tutorialsLearn through hands-on tutorials

Read & study theoryRead & study theory



  

What is behind 'running a simulation'?What is behind 'running a simulation'?
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How can we answer the following questions…?How can we answer the following questions…?



  

The first step is to 'read & study'The first step is to 'read & study'



  

The Many-Body problemThe Many-Body problem
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