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The collective oscillations of conduction electrons (plasmon excitations) strongly influence the
optical properties of metal nanostructures. Such systems are highly promising for novel photonic
devices and applications, from sensing to optical information processing and energy harvesting,
which should have a very strong impact in science, technology and society. When a light field
impinges on a metallic nanostructure, the transmitted field carries information about different
properties of the excited plasmons, including their resonances and decay times. Linear techniques,
such as spectral interferometry, have been used to reconstruct the transmitted field in linear arrays
of grooves in gold and deduce the lifetime of the excited plasmons [1]. In principle, any temporal
diagnostic for ultrashort laser pulses could be used for this purpose. The dispersion scan (d-scan)
technique, developed in the group of H. Crespo [2, 3] in collaboration with Lund University in
Sweden, is very well adapted to the measurement of broadband laser pulses, and its unique
reliability and performance could provide new insight on the behavior of plasmons.

In few-cycle ultrashort laser pulses, the so-called carrier envelope phase (CEP), which is the phase
between he actual maximum peak of the electromagnetic field and the peak of the envelope, plays
an important role in the interaction with matter. It has been demonstrated that the CEP may affect
some properties of the nanostructure, in particular its electron photoemission [4, 5]. The influence
of the CEP on the optical properties of nanostructures is a yet unexplored field of great interest, and
the skills developed in our group in CEP control [6] should enable important contributions to the
field of plasmonics.

On the one hand, the student will apply the d-scan technique to measure the field transmitted by
metallic nanostructures and will compare the results with those obtained with standard techniques
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such as spectral interferometry. From both techniques, the properties of the excited plasmons, such
as resonances and lifetimes, will be deduced. On the other hand, the student will study the effect of
CEP-stabilized laser pulses on the plasmonic excitations by using the d-scan technique and spectral
interferometry. This information will help design new nanostructures with tailored and enhanced
properties, suited for particular photonic applications of relevance.

The experimental work will be mostly performed at the University of Porto (femtolab laboratory,
within FCUP and IFIMUP-IN). The metallic nanostructures will be supplied by the group of R.
Weigand, within the scope of an ongoing collaboration with Porto through Grant FIS2013-41709-P
(Nanophotonics with sub-two-cycle femtosecond laser pulses) from MINECO, Spain.

(continue if necessary)
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