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Abstract-In this work we consider the interaction between picosecond acoustic pulses generated in
a 300 nm thick Ni film and the localized Surface Plasmons of Au nanoparticles. The monolayer of
gold nanoparticles, self-organized on top of the Ni film, allows us detecting the acoustic signal as a
function of wavelength near their surface plasmon resonance. Near resonance, an amplification
factor of 55 is measured as compared to the bare Ni film. Our approach precludes useful
applications in opto-acoustics and magneto-acoustics.
The generation of picosecond acoustic pulses in metals, using femtosecond optical pulses, is a well-known
process [1] which has found several applications for example in acousto-optics, electro-acoustics or
magneto-acoustics [2-4]. On the other hand, plasmonic structures efficiently enhance the transmission of light
through subwavelength arrays of holes, near the surface plasmon resonances (SPR) of the meta-structure [5].
This effect is useful as well for applications in biology, chemistry and medicine [6]. From a dynamical point of
view, the time dependent optical properties near the SPR of noble metal nanoparticles [7] or arrays of holes [8]
result from the interplay between the real and imaginary parts of the metal dielectric function, involving mostly
the Coulomb interaction, the electron-lattice interaction and the thermal diffusion to the surrounding medium.
Here we consider picosecond acoustic pulses propagating in a meta-structure made of a Ni-film on top of which
a single layer of self-organized Au nanoparticles is deposited. The study of the time dependent acousto-optic
spectral response reveals a factor of amplification larger than 55 near the SPR as compared to the bare Ni film.
The metastructure consists of: a sapphire substrate, a 300 nm-thick Ni layer and a monolayer of self-organized
Au nanoparticles with 10 nm diameter deposited on it [9]. The strong dipolar interaction between the
self-organized nanoparticles induces a red shift of the SPR to 680 nm (inset (1a) of Fig. 1) as compared to the
individual nanoparticles (SPR at 526 nm). The acoustic pulses are generated at the Ni surface exciting through
the Al2O3 substrate with femtosecond laser pulses with 4.4 mJ/cm-2 energy density. Part of the metastructure is
not covered with nanoparticles, so that the acoustic pulses can be monitored (inset (1b) of Fig. 1). After
propagation through the Ni film, the acoustic pulses interact with the gold nanoparticles which time dependent
reflectivity, as shown in Fig.1, is probed on the opposite side of the structure (nanoparticles side) with white light
continuum pulses generated in a sapphire plate. Various wavelengths can be selected with a slit put in a prism
compression line after the supercontinuum generation. The inset (1c) of Fig. 1 displays the spectral variation of
an enhancement of the acousto-optic induced reflectivity. A factor 55 is obtained near resonance showing the
interaction of the acoustic pulses with the surface plasmons.

Figure 1. Spectro-temporal reflectivity of Au nanoparticles excited by picosecond acoustic pulses. Insert (a):
static reflectivity spectrum showing the SPR, (b): temporal shape of the exciting acoustic pulse, (c):
amplification of acousto-optic response at the SPR.
Our results show that the use of self-organized Au nanoparticles as ultrashort acoustic pulse detector is a
way to improve the sensitivity of ultrasonics sensors which can be used for example in the acoustic microscopy.
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