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Abstract
We demonstrated high-resolution near-fi eld imaging and spectroscopy using the nonlinear optical response of sharp gold tip and gold colloidal 

dimers as an excitation source. Femtosecond pulses at two different frequencies in the near infrared region are overlapped at the gold tip apex in 
order to generate highly localized nonlinear four-wave mixing (4wm) emission. 4wm emission is tuned such that it coincides with characteristic 
absorption wavelengths of the target molecules on the sample surface. The scheme works in both extinction and fl uorescence mode. 

The experimental setup is schematically depicted in Fig. 1a. Laser pulses from a Ti:Sapphire laser and from an OPO are focused with a high-NA 
objective lens. The fi elds are combined at the tip apex where they generate a nonlinear response of second and third order. The spectrum emitted 
from a metal tip is plotted in Fig. 1a. We select tips that produce a strong 4wm signal. An optical image is recorded by raster scanning the sample 
and detecting the emitted photons at the emission frequency, pixel by pixel. Spectral information (sample extinction spectra) are recorded by tuning 
the excitation wavelength and hence scanning the 4wm wavelength over extinction features of the sample.

 

Fig 1. (a) Spectrum of photons emitted from a sharp gold tip when irradiated with laser pulses of wavelengths λ1 = 780 nm and λ2 = 1160 nm. (b) Schematic of the experiment. A 
sharp gold tip is placed into a tightly focused laser beam. The resulting 4wm emission is used as a local excitation source for the sample placed in close proximity.
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