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= MB kernel for TDDFT
(M. Marsili, A. Marini, R. Del Sole)

PRB2003, PRL2003, PRB2007

= Electron-phonon coupling (A. Marini)

A. Marini Phys. Rev. Lett. 101, 106405 (2008)

= Vertex corrections (M. Marsili, R. Del Sole)

M. Marsili, R. Del Sole, in preparation
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Daniele Varsano

WWW. yambo -code.org

YAMBO is a multipurpose Ab-Initio Many-Body code for
excited state calculations.

Myrta Gruning

Conor Hogan

released under the GPL license on Sept 15t 2008 Particles(DFT)

In these first 6 months ...

Quasiparticles(GW)

more the 5000 contacts...
more the 600 downloads of the source...
documentation and tutorials visited 1000 times P

P ’
COMPUTER PHYSICS

Contents lists available at ScienceDirect .
COMMUNICATIONS E

Plasmons (TDDFT)

Computer Physics Communications

wiww elsevier comilocatefcpe

d0i:10.10186/).cpc.2009.02.003 -
yvarbo: An ab initio tool for exc1tedJstate calculations * - Excitons (Bethe-
. Salpeter equation)

Andrea Marini®%*, Conor Hoganb>e, Myrta Griining “€, Daniele Varsano %
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0D nanodots (0. Pulci)
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1D nanowires (Palummo)
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1D nanowires
Si NWs Excitonic Gap:

A exp Wolkin
= v exp Zhang
> 4
2
—

4]
o)
o 3
=
=
g
5 2
1 | . | . | . |

055 1 15 2
diameter (nm)

M.Bruno et al. PRL 2007



Theory
Ab-initio: (NOT “one puts nothing in,
one gets nothing out’!)
Code - Generality, transferability 0D-3D
‘detailed physical informations
development 7 p/y \
1-D
0 'D rient. side view top view
i //.';r e-110
W] ittt
’f\// Nanowires
Nanoclusters

Olivia Pulci, Maurizia Palummo, Conor Hogan, Andrea Marini, Margherita Marsili,
Viviana Garbuio, Adriano Mosca Conte, Elena Cannuccia, Rodolfo Del Sole




* GaSb(001) c2x6

Conor Hogan

RAS (AR/R)

» C(111)2x1 v
ﬁ 2 0 _v “ m "‘

Margherita Marsili IRINIR %‘ E
- " NG - 0« \ <

* Ice (0001)

Viviana Garbuio




ISM-NAST collaboration (1)

[ O ©

S ==c<c @

O 60 3=

= = 3 o

T ©O m © O 0

C 05 Q @ O

o O m O @®

(&) (qv] =

2 O © £

m mw w O = -

o 290 o § =
O 5 g 0

0 S E —

- % o =

© Q —

@ E 5 3 &

M - —_— )

i 1
.___. -

m?:.:ﬂ L.:h_ mo_”u _._..m_;:.._. _.M,_F_._F.,u

Energy (eV)



3C-SiC(001) c(4x2)
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excitonic effects in ZnO

== TDOFT - RORD kemel
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1 1 [l 1 1 [l [l 1
12 12 1-& 14 18 20 22 4

Optical properties of
oxides: inclusion of
excitonic effects at the
BSE or TDDFT level

with Paola Gori and Antonio Cricenti (ISM)
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rl20 (Garbuio-Pulci)
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INDOLE

Conte-Pulci)

A COMBINATION OF MANY BODY METHODS (GW+BSE) WITH QM/MM
TO STUDY BIOLOGICAL MOLECULES IN SOLUTION

—— QM/MM 2000 H,O
— — vapor phase

—— QM/MM 2000 H,O| |
- vapor phase

Energy [eV]

A. Mosca Conte, E. Ippoliti,R. Del Sole, P. Carloni, O. Pulci, JCTC (in press)
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= WHAT WE DO

ab-initio electronic and optical properties of 0-3D
systems

= WHAT WE CAN DO WITH SOME EFFORT..
200 atoms all ab-initio (hybrid methods needed)

= WHAT (RIGHT NOW) WE CANNOT DO

(but we are working on it)

excited state molecular dynamics



European
Theoretical

\/ \/A\ h Spectroscci!?y
an initiative of the







Theory (Marsili-Del Sole)

GWI approch
to band energies calculations



Theory (5angalli)

Casida's approach to TDDFT
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» Matrix elements dimension = number of Khon-Sham single
excitations (N)
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Th:—)ory (Sangalli)

Why double excitations are important: spin symmetry

An open shell system .
Complete basis
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Theory (sangalli)

Mathematical point of view

S C €1 . €1
(cp)(a)-=(2) o
(S+CMVJ”4@)q:me (5)

Contraction from n-dimensional space to m-dimensional subspace

Structure of the matrix

» lf n=3and m=2:

4 1 2> ab
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This comes from the product

Cd:(Z)@m



Theory (Sangalli)

The physics behind the kernel

» The dynamic kernel moves the poles from Lg to L
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Theory (Attacalite-Marini)

(1) Excitation with
laser pulse T | s
(25fs ... 400 fs)

P i S 5

(2) Relaxation via 7
phonons S
(100 fs ... 3 ps)

e o
L 3 —

BLACKLIGHT (3) Recombination/
Photoluminescence (PL)
(> 100 ps) e




T 'neory (Attacalite-Marini)

Create a theoretical and computatlonal
tool to study and predict light e

R i ASh A ST

1111

2) Role of temperature,
defects and confinement

3) Non-linear Optics,
optical gain, Optical Switching s&/



rIJ—‘JI'j (Attacalite-Marini)

Real-time dynamics of electrons
by using Non-Equilibrium Green Functions.
Luminescence of bulk materials s
a < < <
(lﬁ_t_H )G (tl,t2)=[U(t1)+ZHF(t1)]G (tl,t2)+1 (tl,tz)
q
Electron-phonon coupling. Nr\f\)

Relaxation through emission of phonons. //\

Luminescence from indirect-gap systems k kg ™

So(tt)=i D, g Dy (t,15)G (1, 1,)
q

Forces in the excited state.
Luminescence from cluster, wires,
polymers and defects (exciton trapping)




rn—ur/ (Attacalite-Marini)

The single particle electronic states are first
evaluated using density functional theory (DFT)

Why Non-equilibrium G~(¢, ¢,
Green Functions? G (¢,¢,)=—i{a(t,)a’(t,))

Systematic approach to progressively include electronic correlation
effects and electron-phonon interaction

Can be used as starting point to derive approximate theory
(Kinetic equations, Bloch equations, Boltzmann equations)

All this theory will be

implemented in ->




1D consu GHTED POLYMERS (Cannuccia-arini)

IN ONE DIMENSIONAL CONJUGATED POLYMERS

poly(p-phenylene vinylene)

Bound exciton characterized by
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K Pichler et al 1993 J. Phys.: Condens. Matter 5 7155
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> an asymmetric line-shape,
together with strong vibronic-
induced side bands
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1D nanowires (Palummo)
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1D nanowires (Palummo)

Si NWs Exchange splitting :
BSE theory vs Exp.

100 T i
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TAMBO (Hogan-Mm ,mm)

Contents lists available at ScienceDirect mmum T
CUMMUNI{ATIONS

Computer Physics Communications

www.elsevier.com/locate/cpe

doi:10.1016/j.cpc.2009.02.003
vambo: An ab initio tool for excited state calculations ™

d.e

Andrea Marini®*®*, Conor Hogan ¢, Myrta Griining ¢, Daniele Varsano

* Dipartimento di Fisica, CNISM, and SMIC Institute for Statistical Mechanics and Complecity, Universita di Roma “Tor Vergeta”, Via delle Ricerco Scientifica 1, I-00133 Roma, Iraly
b Dipartimento di Fisica and INFM-CNR. Universita di Roma "Tor Vergata” Via dello Ricerca Scientifica 1, 1-00132 Roma, Iraly
© Uniré PCPM, Universiré Catholique de Louwvain 1348 Louvoin-lo-Neuve, Belgium
d Notionel Center on nenoStructures and Biosystems ot Surfaces (53 ) of INFM-CNR, [-41100 Modene, ftely
® European Theoretical Spectroscopy Focility (ETSF)

e Experiment
. — BSE (sample)

WWWw.yambo-code. Q

Many-body perturbation theory:
- Quasiparticle corrections (GW) ]
- Optical and energy loss spectra including * 2 25 355 4 a5 s
excitons and local field effects

..and much more!

: Surface
Real-axis GW _
Finite Sares Spectroscopy T'E)/'S;YI_?(OdY I
temperature.  Self-consistent  Collinear and erne

Electron- COHSEX, HF, non-collinear Total Energy
phonon and EXX ... (_SC) spin (ACFDT)

polarons



1D nanowiras (p
Doping Si NWs: influence on the
optical properties

Abs {arb. unites)




1D nanowires (Palummo
GW corrections:

doping and surface termination

10

energy gap (eV)
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2D GaSb(001) (Hogan)

Conor Hogan, Rodolfo Del Sole (R ome)
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RAS signal (AR/R)
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New structure: /

2D
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Ab-initio Finite-Temperatures Excitons

A. Marini Phys. Rev. Lett. 101, 106405 (2008)

BSE is solved, in ab-initio manner, including the
coupling with the lattice vibrations.

E-ph interaction is treated in the Heine, Allen and Cardona approach.

I EXp

—— BSE




3D Bio (Garbuio-Pulci)
FORMAMIDE in water

Gas-phase
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0D: nanodots

Formation Energy (eV)

0.4

L distance
) 74

o
2

o o
S

o
S’
T

Si87H76
Si147H1OO

Largest
| possible

Co-doping easier due to charge compensation

No size dependence
Cantele et al, Phys. Rev. B 72, 113303 (2005)
S. Ossicini, F. lori et al, Appl. Phys. Lett. 87 173120 (2005)
F. lori, E. Degoli, S. Ossicini et al., J. Lum. (2006)




0D nanodots

Energy Gap (eV)
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0D nanodots
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)_) MNel NOC J 0 tN (Pulci-Mars

ili-Palummo)

g, (a.u.)

— Absorption Spectra
— Emission Spectra

Electron localizes on
P

Si,,BPH, | DFT | GW+BSF
Abs. (eV) | 277 3.35
Emis. (eV) | 1.78
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3D B10 (Garbuio-Pulci)

LIQUID WATER
Liquid water = disordered system= huge unit cell

20 MD snapshots and
average of results.







3D Bio (Mosca Conte-Pulci)

RHODOPSIN
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3D Bio (Mosca Conte-Pulci)

2-state model
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MINIMAL BASE MODEL

MINILMAL BASE MODEL
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