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Part I
The yambo code
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Data available at: http://www.gitlab.com/max-centre/Benchmarks

Juwels-Booster.
48 AMD cores per node
4 Nvidia A100 cards per node

Perfomances

mpirun -np #MPI
#MPI=4 (= #cards per node)
#THREADS=8  (no effect here)

mpirun -np #MPI
#MPI=4
#THREADS=24  (2*#cores / #MPI)

Yambo compiled with nvfortran (nvidia).
MPI + OpenMP + Cudafortran
                     (working on OpenACC)

Yambo compiled with ifort (intel).
MPI + OpenMP

Juwels-Cluster.
48 Intel cores per node



Part II
Abinitio

Many-body
Perturbation-Theory



Many-Body Perturbation-Theory

1 - Define the Green function (GF)

Interacting particles
Ground state



Non Interacting 
particles

1 - Define the Green function (GF)

2 – Use Gell-Mann & Low theorem

+Σxc [G ](r , r ' ,ω)

Interacting particles
Ground state

Many-Body Perturbation-Theory



Leehman’s representation

Why the GF?

Phys. Rev. B 92, 125440 (2015)



Leehman’s representation

Why the GF?

Excitation energies Chemical potential

N-1
N+1

𝜇

Phys. Rev. B 92, 125440 (2015)

Photoemission
 Energies



The QP concept

+Σxc [G ](ω)

Particles

Interacting particles

G (ω)=G0(ω)+G0(ω)Σxc [G ](ω)G (ω)

#poles of G  >>  #poles of G0 



The QP concept

+Σxc [G ](ω)

Particles

=

+Σxc (ω)

+Σxc [G ](ϵqp ) Quasi
particles

−Σxc(ϵqp)

Weakly interacting 
quasi-particles

Adapted from F. Sottile PhD thesis

Interacting particles

Gqp=G 0+G 0 Σxc (ϵqp)G
qp

#poles of Gqp  =  #poles of G0 



DFTDFT

MBPTMBPT

vxc [ρ](r )

Σxc [G ](r , r ' ,ω)

DFT vs MBPT

Weakly interacting 
quasi-particles

Non interacting
KS particles

Strongly interacting
particles

Exact

Auxiliary system



MBPTMBPTDFTDFT

ai-MBPTai-MBPT

G. Onida, L. Reining, and A. Rubio,
Rev. Mod. Phys. 74, 601 (2002)

[−∇ 2

2 +v ext+vHxc ]ψnk (r )=ϵnkψnk (r )

DFTDFT

GKS (r , r ' ,ω)=∑
nk

ψnk
∗ (r ) ψnk (r ')
ω−ϵnk

KS+ iη

MBPTMBPT

G=GKS+G KS (Σxc−v xc)G

DFT + MBPT



Non-iteracting
particles

MBPT

+Σxc (ω)

+Σxc [G ](ϵqp)
Quasi

particles

−Σxc(ϵqp)

Weakly interacting 
quasi-particlesG=G 0+G0 ΣHxcG



+Σxc (ω)

+Σxc [G ](ϵqp )
Quasi

particles

−Σxc(ϵqp)

Weakly interacting 
quasi-particles

abinitio MBPT

KS particles −v xc[ρ]
vxc [ρ]

G=GKS+G KS (Σxc−v xc)G



DFT and GW bands

Phys, Rev. Lett. 96, 026402 (2006)

DFT vs GW band structure in hBN

See more in the next talk

Photoemission spectral function



QP complex energies

Adapted from M. Gatti PhD thesis

Σxc (ω)



QP complex energies

Adapted from M. Gatti PhD thesis

Σxc (ω) Σxc (ϵqp)

γ=ℑ[Σxc (ϵqp)]



The role of screening

Σxc [G ]=GW Γ Screened
electron-hole interaction

W RPA=v+v χ RPA v

χRPA=χ0+χ0 v χRPA

χGG '
RPA (q ,ω)



Part III
Excitons:

The Bethe-Salpeter equation



Neutral excitations
1 - Define a two body response function

Strongly interacting
(quasi)electron – (quasi)hole

1=(x1 , t1 ,σ1)



Neutral excitations
1 - Define a two body response function

2- Define a Kernel

K Hxc [G ](1,2 ; 3,4)= δ Σ(1,2)
δG(3,4)

Strongly interacting
(quasi)electron – (quasi)hole

1=(x1 , t1 ,σ1)



Neutral excitations
1 - Define a two body response function

2- Define a Kernel

K Hxc [G ](1,2 ; 3,4)= δ Σ(1,2)
δG(3,4)

Strongly interacting
(quasi)electron – (quasi)hole

3- Spectral representation 

ω I=E I (N )−E0(N )L (ω)

1=(x1 , t1 ,σ1)

(t 1=t 2) (t 3=t 4)

poles



Bethe-Salpeter Equation

[(ϵck−ϵvk−q)+v cvk , c ' v ' k '−W cvk , c ' v ' k ' ] Ac ' v ' k 'λ q =ωλ q Acvk
λ q

The Dyson equation for L, or Bethe Salpeter Equation (BSE)

can be rewritten as an eigenvalue problem

L=Lqp+ Lqp K Hxc L K Hxc(ω=0)=(v−W )



Bethe-Salpeter Equation

Ψλ q(x h , xe )=∑cvk
Acvk

λ q ψck−q
* (xe )ψvk ( xh)

|Ψλ q(k )|2=∑cv |Acvk
λ q|2 Excitation wave-function

The Dyson equation for L, or Bethe Salpeter Equation (BSE)

can be rewritten as an eigenvalue problem

L=Lqp+ Lqp K Hxc L K Hxc(ω=0)=(v−W )

[(ϵck−ϵvk−q)+v cvk , c ' v ' k '−W cvk , c ' v ' k ' ] Ac ' v ' k 'λ q =ωλ q Acvk
λ q



abinitio GW+BSE

ω I=E I (N )−E0(N )ϵI=E I (N±1)−E0(N )



bulk LiF

bulk Si 2D MoS2

bulk (layered) hBN

Weakly bound
Wannier excitons

Strongly bound
Wannier excitons

Frenkel excitons

QP gap

QP gap

QP gap

Frenkel excitons

QP gap

ACS Nano 14,
5700 (2020)

Phys.Rev.B 84, 245110 (2011)Phys.Rev.Mat. 3, 124601 (2019)

Phys. Rev. B 93, 195205 (2016)

BSE overview



|Ψλ q=0(xh
0 , x )|2 |Ψλ q=0(k )|2|Ψλ q=0(xh

0 , x )|2

Phys. Rev. B 94, 
125303 (2016)

O(h) point group
C (3v ) point group

2g
2g

LiF bulk

+
- +

-+

-
+

-

Exciton wave-function
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More slides



How the code works

Import databases
from a previous
DFT simulation







Part IV
More applications
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