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Outline

Introduction: spectroscopies, TDDFT, etc.
The inner guts of the beast

What can octopus do for you?
Linear response calculations

Femtosecond dynamics

Conclusion and Perspectives
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Linear response
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Linear response

Absorption hfetl me
Direct Inverse
photoemission photoemission
AE~0.1eV AE>0.1¢eV

e—

Photoemission

BLE,

E-ho @ @ pine Optical absorption
e IIQ

Two—photon
photoemission

>

ettt

2nd piise

(proge, =ip+t, 0o}

Fyac M
18t pulse \] U ;
{pump, t=tg, m4)
Ep

Benasqu&®9-2004—p.4/27



High intenseshort-laser (fs) pulses
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K. Yamanouchi, Science 295 1659 (2002)
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High intenseshort-laser (fs) pulses

K. Yamanouchi, Science 295 1659 (2002)

J.J. Levis, Science 292 709 (2001)
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Method - |

TDDFT: The many-body equation is mapped onto the Kohn-Sham equation

\[2

VI = T Vel * Vearedn(r0) + ieln(rD) Yi(i0)

The current approximations for the xc potential are quite reliable
LDA, GGA, EXX, SIC-LDA, etc. for the ground-state.

adiabatic approximations to handle (=ignore) time non-locality.

Furthermore
Real-space discretization of all functions (1D-3D)
High-order discretization for the kinetic energy operator
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Method - Il

Classical description of electromagnetic eld
TD-KS equations solved in real-time by very stable propagation schemes

yl(t + D) = e iHks(t+ [I)[IZZe iHKs(t)Dt:Zyi(t)

The (classical) ions obey the Newton's equation of motion

d°R,

"2t = Ra(Rt)

Mg

where the force is calculated through Ehrenfest's theorem

F(RO = hY ()] %va(t)i
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Inner guts

29583 lines of FORTRAN 90, 2214 of C
All code under the GNU general public license (GPL)
Uses the libraries: BLAS, LAPACK, FFTW, GSL, MPI
Build system using the autotools
Compiles and runs under Linux, alphas, IBM SP4, Sun, etc.
Input parser written in bison
In the web site
Download RPMs, DEBSs, and tar.gz
Nightly builds from the cvs server

Generate Troullier-Martins pseudopotentials
Octopus Analizer Tool
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Results- linear spectra

Discriminating the Cog isomers
Gold clusters — SO coupling
The green uorescent protein

Azobenzene
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Discriminating the Cyg isomers
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Gold clusters— I
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GreenFluorescentProtein - Aequoreavictoria

Aequorea victoria is an abundant jelly sh in Puget
Sound, Washington State, from which the luminescent
protein aequorin and the uorescent molecule GFP
have been extracted, puri ed, and eventually cloned.
These two products have proven useful and popular in
various kinds of biomedical research in the 1990s and
2000s and their value is likely to increase in coming
years.

http://faculty.washington.edu/cemills/Aequorea.html
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GreenFluorescentProtein - Chromophore
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GreenFluorescentProtein - Chromophore
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GreenFluorescentProtein - Chromophore
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Azobenzene Motivation

Proc. Natl. Acad. Sci. 99, 7998 (2002)
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Results- non-linear phenomena

Laser induced dissociation (NaJZr : Heg)

The time-dependent ELF

www.tddft.oilg/programs/octopus/ Benasqu®9-2004-p.20/27



Photo-dissociationl —Na;

A. Assion etal, Phys. Rev. Lett. 86, 5695 (2002)
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Photo-dissociationll —Na}
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Photo-dissociationlll —Hej

J. Chem. Phys. 103 3450 (1995)
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Photo-dissociationlV —Hej

Linear Response Laser (1=9 1011W/cm2)
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Time-dependentELF

(1) CoH2 in a strong laser eld (2) Scattering of a high energy proton
on CoHy
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C,H» in a stronglaser eld

Laser: W= 17eV, T = 8fs, | = 1:2 10"wcm 2
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C,H» in a stronglaser eld
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What next?

Extension to periodic systems (C. Rozzi)
Curvilinear coordinates

Magnetic response

Current density functional theory
Optimum control

Quantum nuclei

Biological processes: chlorophyll, bioluminescence, ...
First-principles description of photo-isomerization processes
Time-resolved vibrational spectroscopy (Raman & IR)

Pulse optimization in laser induced reactions

Molecular transport

Etc.
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