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Actors in Material Science

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

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

DoUBLE BUBBLE,
PAIR BUBBLE,

PARTICLES AND KOLES,
IN SYSTEM BuBBLE]

Technical sheet

Model: IEM-BlueGene /)

Architecture: 10 BGQ Frame with 2 MidPlanes each
Front-end Nodes 0S: Red-HatEL 6.2

Compute Node Kernel: lightweight Linux-like kernel

Processor Type: IEM PowerA2, 1.6 GHz
Computing Nodes: 10.240 with 16 cores each
Computing Cores: 163.840
RAM: 16GE / node; 1GBicore
Internal Hetwork: INetwork interface

with 11 links -=5D Torus
Disk Space: more than 2PE of scratch space
Peak Performance: 2.1 FFlop/s
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The Many-Boaly problem (made shorf)
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The Many-Boaly problem (made shorft

Fully interacting system Non interacting system
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The AIMBPT (Ab-Initio Many-Body Perturbation Theory)

AIMBPT s...
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G. Onida, Rev. Mod. Phys. 2002
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The Ab-Initio “Way”
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The Many-Boaly problem

H=Y




Energy (eV)

The Many-Boaly Problem: a micro-macro connection

Polarization




The Many-Boaly problem: ] parfticle approx
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Quasiparficles...
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The goal of the Many Boady methods
is to rewrite the fully interacting
problem as  an as  much
independent as possible counter-
part

For MBPT KS is
a mean-field
quasiparticle




The MBPT approach fo the TD density




The evolution operator (scattering potential)
H(t)=Ho+ V(2)

y T

~
U(t) = Uo(t)F(t)

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

Cons z‘mmeo’ time in z‘egm/s
t>101 >0 > -



Half the dynamics...
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Green’s Functions




Feynman diagrams in the fully interacting case
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The Dyson equation

Go X G
The Dyson Equation




The GUW approximation
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A quick view on an
advanced MBP T application




“Opftical” vs ‘Elemental” Excifons

F. Paleari and AM, Phys, Rev, B 106, 125403 (20272)

“Elemental” Excifon
“Opftical” Excifon

Exciton-Phonon scattering reveals the excitonic ‘internal structure’
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The Yambo project

Yambo: an ab initio tool for excited state
calculations,
A. Marini, C. Hogan, M. Grining, D. Varsano,
Comp. Phys. Comm. 180, 1392 (2009). 4
1

Many-body perturbation theory calculations using the Yambo code, i i s A AT e

D. Sangalli, A. Ferretti, H. Miranda, C. Attaccalite, |. Marri, E. Cannuccia, P. Melo, M. Marsili,
F. Paleari, A. Marrazzo, G. Prandini, P. Bonfa, M. O. Atambo, F. Affinito, M. Palummo, A.
Molina-Sanchez, C. Hogan, M. Grining, D. Varsano, A. Marini;

J. Phys.: Condens. Matter 32, 325902 (2019) 20

Davide Sangalli Elena Cannuccia

[
i r 4 ""‘I.

Andrea Ferretti Alejandro Miki Bonacci Dario Alejandro
Molina-5anchez Leon Valido

home about ~ people download learn~ news ~

Fulviz Paleari Nicola Spallanzani Pino D'Amico Ignacio Martin

Alliati

YAMBO /s an open-source code released within the GPL
licence implementing first-principles methods based on
Green'’s function theory fo describe excited-state properties

s

of realistic materials.These methods include the GW —
apprOX/maf/’onl fhe Befhe_sa/lcye?‘er equaf/’on (BSE)I €/€C?‘/’O)’7- Alberto Guandalini Riccardo Reho Giacomo Sesti
phonon interaction and non-equilibrium Green's function

theory (NEGF).

www.yambo-code.eu



The Yambo project

Level of theory

# Many-body perturbation theory (MBPT),
incl. GW, BSE

#® Electron-phonon coupling (ELPH)

® Real-time non-equilibrium Green's function
(NEGF)

4 Time Dependent DFT (TDDFT)

Features

® Electronic properties: quasi-particle energies,
line-widths, and renormalization factors

# Linear optical properties, capturing the physics
of excitons, plasmons, and magnons

€ Temperature dependent electronic and optical

properties via electron-phonon coupling

# Non-equilibrium and Non-linear optical
properties via NEGF real-time simulations

# Calculation of 2D and 1D systems

# Advanced post-processing tools to analyse the
simulation flow of data

Jmi1jeulg? (arb. units)

Hyir) (arh. anits)

: el e St
i EAN GO0 TRO0 DOOEND 12500

Intervalley relaxation dynamics of monolayer WSe2 via

Quasiparticle band structure of bulk MoS2 at ultra-high Excitonic EELS spectra at finite momenta of monolayer ELPH scattering [Molina-Sanchez et al. Nano Lett. (2017)]
pressure [Ataei et al. Pnas (2021)] C3N [Bonacci et al. Phys rev. Mat (2022)]
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Yambo is a FORTRAN/C code for Many-Body calculations in solid state and molecular physics
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Dissemination

Main page Discussion Read View source View history | Search The Yambo Projec Q,

Yamba WIKI Main Page

Edu Home
WWwWW Home
Tutorials
download 3
Yambo

Install

Virtual Machines (Cloud,
docker, VBox)

Developers Comer : \ E f] If (‘ (_I t f O i I (I l

Read!

Theory

Lectures
Cheatsheets
Selected Readings

L)

Thesis

Learn! (Modular
Tutorials)

DOverview
Files Download
First steps =

e heiay Welcome to the Yambo educational page. In this page you will find several informations about how to run Yambo

sl and, more generally, about the methods implemented in the code.

GW convergence



Parallelization and Performance

Yambo has a user-friendly command-line interface,
flexible I/0 procedures, and, concerning high
performance computing (HPC), it is parallelised by
using a hybrid MPI plus OpenMP approach, well
integrated with support of GPGPU-based
heterogeneous architectures. This makes it possible
to distribute the workload to a large number of
parallel levels. In practice, depending on the kind of
calculation, all the variables to be used (k/q grids,
bands, quasi-particles, G-vectors, etc) are
distributed along the different levels of
parallelisation.

Yambo v5.1, Juwels-Cluster@|sC

Efficiency (%)

Yambo has proved to be efficient in large-scale
simulations (tens of thousands of MPI tasks
combined with OpenMP parallelism) for most of its
calculation environments. The GPU porting supports
CUDA-Fortran as well as other programming
models (OpenACC and OpenMPS under
development). Yambo has been demonstrated to
run efficiently on a number of HPC architectures,
including homogeneous clusters (e.g., based on
Intel, AMD, IBM Power and ARM chips), as well as
heterogeneous GPU-accelerated machines
(currently based on NVIDIA cards).

Yambo v5.1, Juwels-Booster@|sC

P i E =
= = =
Efficiency (%)

=

200 400560 800960 1440
# GPU cards
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The path from mistery fo mastery




How fo go from mistery fo mastery

Understand levels of complexity

- Read & study theory

Learn through hands-on tutorials = 2,

2

N




What is behind running a simulation'?

3

‘ ‘simulation
numerical
Q implementation
theory &
methods

physical
phenomenon




What is behind running a simulation'?

choice
of parameters

simulation

discretization

simplifying
assumptions

P nysica |

pnenomenon



How can we answer the following questions...?

accuracy?

computational cost? & choice
applicability? of parameters

7

simplifying
assumptions

simulation

discretization

numerical

mplementation

theorv &
o

methods

physical
phenomenon



The first step /s fo read & studly’

-discretised eqs.
. -numerical methods

3

simulation

_— .

-light-matter interaction
-spectroscopy
\\-

numerical
implementation

theory &
methods -density-functional

-linear response

I

phenomenon




The Many-Boaly problem

parameters choice for
accuracy &
e computational cost

which methods for
what phenomenon

A

physical
phenomenon

numerical
implementation

theory &
methods

s

simulation



1. Many-body perturbation theory calculations using the yambo code
Journal of Physics: Condensed Matter 31, 325902 (2019)

2. Yambo: an ab initio tool for excited state calculations
Comp. Phys. Comm. 144, 180 (2009)
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