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Abstract: We report the observation of surface-acoustic-wave Brillouin scatté3it\g/BS) in a
subwavelength-diameter b and show that this effect relies on the generation by the

electrostrictive force of phonons confined at the surface of the microwire
OCI S codes: 290.5900, 060.437060.6030

Brillouin scattering between sound and light waves has been exbngivestigated in optical fibers. It is well-
known that silica optical fibers support many transverse and longitudiséitelaves over a broad frequency range
from 50 MHz to 11GHz, that lead to guided-acoustic-wave Brillouin scattering (GAWBS) and IstietLiBrillouin
scattering (SBS), respectively [1].

In this work, we demonstrate, for the first time to our knowdedge generation of a new class sufrface
acoustic wavegSAW) in subwavelength-diameter optical éib(SDOF) owing to the strong coupling between
sound and light at interface between the optical microwire and the sumguaid These SAW modes or Rayleigh
waves cannot be optically excited in standard single-mode fiber (SMFhdyutlso have recently been evidenced
in whispering gallery modes (WGM) microresonators and in silica microspj2eggs
In our experiment, we investigatad-cm long silica optical microwire drawn from a commercial single-mods fib
(SMF) by hydrogen flame. It has a waist of 1 um and linear logsed @B/cm at 155 um. We then performed
spontaneous Brillouin backscattering measurements at 1.55 um asistgndard heterodyne detection. [4]
Figure 1(a) shows the spontaneous Brillouin spectrum for an E\yupower of 100 mW. Several peak frequencies
with different weights and linewidthean be seen in a frequency range from 6 GHz to 11 GHz. The highest
frequency peak at 10.86 GHz comes from the standard SBS in thenadt&gMF sections of about 2 m longe
can also observe in Fig. 1(a) three other acoustic frequencies center&8 aHkz, 9.3 GHz and 10 GHz,
respectively. Like in SMF, these three acoustic modes exhibit a spectral linewadtid 25 MHz in agreement with
the acoustic phonon lifetime in fused silica. Two other acoustic rasegat lower frequencies around 6 GHz can
also be observed in Fig. 1(d)o identify the physical origin of these elastic resonances, we performedicaimer
calculations of the phonon wave packets by solving the elastodynaqiasion subject to an electrostrictive force
(for detailed calculations, See Ref§,d]). With this model, we are able to fully characterize the optoacoustic
properties of our silica microwire including both the forward andkwacd Brillouin spectra without the
requirement of a full band structure. We also consider in our modehtir®p lifetime by taking into account the
elastic losses assuming a complex tensor [7]. This loss model is compatibltheviusual assumption that the
product of the quality factor Q and the acoustic frequency is a cbrigtaa given material (e.gfor silica, Qxf 5
THz).

Figure 1(b) shows the normalized elastic energy distribution versus th&tiadoequency and for varying the waist
diameter from 1 um to 1.35 um. The elastic energy distribution givesvenview of the theoretical Brillouin
spectrum. As it can be seen, we retrieve most of the acoustic resongrer@sentally observed in the waist region
of the microwire There is however a slight difference with experiment in frequendsigroghat can be attributed to
the nonuniformity of the microwire, but we can clearly identify tihe modes around 6 GHz and the 3 other ones
around 9GHz. To go further into detail, we plot in Fig. 1(c) the spatial distribution efdptical mode intensity in
the waist region at a wavelength of 1.55 pm. The black circle markseounté¢nface between the optical field inside
the microwire and the strong evanescent field outside the wire. A largerpof this evanescent field enables the
diffusion of light by surface acoustic wave and the highly confioptical field into the microwire induces an
electrostrictive force 20 times larger than in SMF [6]. Figure 1(b) shbigselectrostrictive force distribution,
which was numerically calculated from our model. The kinetic energy desrséiastic energy of the two surface
acoustic waves at 5.382 GHz and 5.772 GHz are plotted in Figs. 1(eaf\Maist of 1.05um The elastic energy is
mainly localized at the surface of the microwire, unlike the longialdicoustic wavg shown in Figs. 1(g,h), for
which the generated phonon wave packet is guided inside the microwire’s core by the optical force.
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Figure 1: (a) Experimental Brillouin scattering speot measured at 1.55 pum in 8-cm long silica optical miseofivith a waist of 1 pm and for
a CW pump power of 100 mW. (b) Computed elastic enefgshonon wave packet (i.e., the theoretical Buith spectrum) versus the acouasti
frequency and for a microwire waist varying from 1 toni.35 pm. The black line shows the SBS phase-matchiniticon(K=2Kp). (c-g)
Numerical results for a 1.05 um silica rod diameter. (d)dappower in the fundamental TE-like mode at a vievgth of 1.55 um @ =
1.1887). (d) Spatial distribution of the electragtvie force with 1 W optical power. (e,f) Elastic emedensity of resonant surface acoustic
waves at 5.382 GHz and 5.772 GHz, respectively. fgdstic energy density of longitudinal acoustic modes3t &Hz and 9.235 GHz.

Thus these SAW modes can only be excited in sub-wavelength waveguidebiting a strong evanescent field

They propagate along the surface with an acoustic velocity of 341@vhith is lower than both the shear velocity

(3740 m/s) and the longitudinal velocity (5960 m/s)[7].

To summarize, we demonstrated in an optical microfiber with a 1 um waistflicient generation of surface
acoustic wave Brillouin scattering (SAWBS) at new frequency around 6 Ghlg.work should contribute to a

further understanding of the intriguing nonlinear opto-acoustg&ractions in sub-wavelength optids addition,

SAWBS could be used in various sensor applications since the SAW frequency should strongly depend on the
material surrounding the optical microwire.
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