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Abstract
In this talk, I will briefly introduce the two research
topics conducted by our group at Rutgers UniversityNew Brunswick: (1) modeling of radiation transport at
the ultrashort time scale with potential applications of
ultrafast lasers in biomedical imaging and welding; and
(2) radiation transport in nanostructured optical
microcavities used for biomolecular probing. In the
first topic, we will emphasize on the modeling of
ultrashort-pulsed laser radiation propagation in turbid
biological tissues, the associated hyperbolic
phenomena of heat conduction, and the concept of a
new method of optical tomography for imaging of
breast tumors. In the second topic, we will discuss the
nanoscale gap effects on whispering-gallery mode
(WGM) optical microresonances and the design and
nanofabrication of WGM-based microsensors. WGMs
describe resonant electromagnetic modes of photons
that circulate in well-defined trajectories inside a
microcavity. Photon tunneling between the cavity and
light-delivery coupler is strongly dependent on the gap
dimension. Under resonance, an enhanced radiation
field exists inward the periphery of the cavity. A very
strong evanescent field will then arise. Its strength
decays exponentially with increasing distance from the
surface up to the order of the optical wavelength
involved. This evanescent field will certainly interact
with target biomolecules adsorbed or covalently
attached to the microcavity.
Since WGMs are
morphology-dependent,
this
molecule-radiation
interaction will induce a change in the WGM resonant
frequencies. In other words, a shift or broadening
(narrowing) or intensity change in the resonances
signifies an altered WGM microcavity environment.
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