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Abstract: Four-wave mixing in gold films is studied using a coherent anti-Stokes
Raman excitation configuration for remote excitation of third-order nonlinearities.

Coherent nonlinear excitation of single molecules is an experimental challenge. One of the compli-
cations arises from the high fields strengths needed to engender a nonlinear response from a single
molecule. Such field strengths are likely to generate unwanted heating and photodamaging effects.
One way to avoid such artifacts is to localize the strong electric field close to the molecule while
the rest of the sample is spared from high illumination doses. This can be accomplished through
excitation of surface plasmon polaritions.

Using high numerical objective lenses, surface plasmon polaritions (SPP) can be excited in a gold
film with micrometer precision. Subsequent propagation of the SPP allows excitation of molecules
at remote locations. Whereas remote excitation through SSPs has been realized in the linear
regime, challenges remain to accomplish a similar fate in the nonlinear excitation regime. We have
investigated a dual-color excitation scheme, based on an electronic coherent anti-Stokes Raman
process, for launching SPP modes in a gold film. We have found that upon proper phase-matching,
linear and nonlinear propagating modes in the film can be launched in a controlled manner. We
show that such a scheme allows for nonlinear excitation of quantum dots at distances up to 50 µm
from the excitation site.

Figure 1: Surface plasmon polarition generation in a patterned 40 nm thick gold film with a high numerical
aperture lens (NA = 1.2 W). (a) Coupling of a SSP mode excited at 820 nm into a gold ’finger’. The blue
spot indicates the location of excitation. SPP mode is visualized through the leakage radiation onto a CCD
camera. (b) FWM excitation of the SSP mode by using 820 nm (pump) and 940 nm (Stokes) pulses. The
nonlinearly excited SPP is detected through the FWM (CARS) leakage radiation.

Speaker: Eric Potma
Session: CARS
See program for placement.

PQE-2011 Abstract Processed 27 November 2010 0


