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MBPT-LCAO: an efficient ab-initio program

We are currently developing an efficient ab-initio program called “mbpt-lcao” (many body per-
turbation theory with localized basis) that implements TDDFT, GW and BSE calculations for
% finite systems and is now extended to periodic systems |1,2]. The implementation of TDDFT
eaaasases el in the linear response regime uses the locality of atomic orbitals to expand the wave functions
"""" and employs the results of the DFT code Siesta [3], allowing the study of the optical response
of systems up to thousands of atoms |4, 5|.

The iterative algorithm implemented into this method has an O(N?) computational complexity
1], where N is the number of electrons in the system, and requires an O(N 2) memory usage,

( Y enabling a relatively fast calculation of the interacting polarizability in plasmonic systems. Al-
NN 33338 ! § though our algorithm possesses a reasonably high asymptotic computational complexity, the
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92335 \ele 5 method is relatively inexpensive in terms of computational resources. We successtully managed
Vgt to run some tests with silver clusters of increasing sizes (from 147 to 2057 atoms) using only a
few processors.

Electron Energy Loss from small sodium clusters

The aim of the code is to calculate the density change on in-
duced by an external perturbation Vi (r):

on(r,w) = —/X(’F, r’, w) Ve (r')dr, (1)

where ' is the interacting response function.

EELS spectra for several trajecto-
ries and an electron with an energy
of 100 keV. The electron trajecto-
Ne_ries are going from the center of the
f{) cluster until far away from the clus-
ter (Figure e). The dashed line rep-
resents the position of the cluster
surface. The Figures b, ¢, and d
o show the density change at the sur-
,',"I‘..‘I 0/ face of the cluster for the energy and
b impact parameters represented by
the dots «, 3, 0 on Figure a.

Optical response of small sodium

and silver clusters

Until recently, we worked with Na dimers containing up to 760

atoms and 561 atoms for Ag clusters. 0 10 20 30 40 50 60
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Optical response and EELS from large silver clusters
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Conclusion
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along the dimer axis at resonance (right column) from [4]. The middle plots C
represent the polarizability of a 380 Na dimer but with relaxed geometry able to get the polarizability of systems up to 5000 atoms.

while the two clusters, that have entered into contact, are retracted and
a metal neck that connects both clusters has formed [5]. The last row
represents the polarizability of Ag clusters (left column) and the density

change distributions (right column) from |2]. [ Mail: mbarbry001@Qikasle.ehu.es, Website: https://mbarbry.pagekite.me j

potential created by a fast moving charge. The computation of EELS spectra
for sodium clusters reveals the excitation of many modes that are silent to
light excitation.
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