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We have explored novel physics and optical functionalities hidden in the inter-discipline frontier
between random media and plasmonics.

We experimentally demonstrate the capability of tailoring lasing resonance properties by manipulating
the coupling between surface plasmons and photons in random lasing media composed of
metallic—dielectric core—shell nanoparticles and organic dyes. It is revealed that core—shell
nanoparticle-based systems exhibit optical feedback features distinctive from those containing pure
metallic nanoparticles, provided that the scattering strength is weak enough. The pump threshold
increases with an increment in the shell thickness, which can provide a direct proof that the local field
enhancement plays a central role in the emergence of coherent feedback. The anomalous behavior in
both threshold and optical feedback is discussed in terms of the modification of fluorescent properties of
fluorophores close to metallic surface

We have prepared optically birefringence materials consisting of an isotropic core of metal
nanoparticle and an anisotropic shell of amorphous oxide. The sample shows an enhanced optical
birefringence in a wavelength-selective way. The sample was prepared by depositing amorphous iron
oxide thin films on top of the silver nanoparticles using the oblique deposition technique. This results in
ellipsoidal shell of amorphous iron oxide surrounding a silver nanoparticle. The form birefringence
appears because of the anisotropic shape of shells; the refractive index for the light polarized whose
polarization is parallel to the elongation direction of ellipsoid is different from that for the light polarized
perpendicularly. Moreover, the rotation of polarization plane is significantly enhanced at around the
wavelength of localized surface plasmon resonance (LSPR). The difference in refractive index between
two optical axes is as large as 0.34 for a 600 nm light, which is more than twice of typical birefringence
crystal calcite (0.14 for visible light). It is speculated that the anisotropic shell induces the dependence of
LSPR wavelength on the polarization direction of the incident light, which causes the polarization
dependence of refractive index through the Kramers-Kronig relation.
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