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Light-matter interaction in nanoparticles (NPs) such as semiconductor quantum dots, 

gold/silver NPs or even nanodiamonds has received increasing attention in the last decade owing 
the huge range of applications of these NPs from quantum optoelectronics to biophotonics. The 
optical detection of single small NPs with combined high spatial and ultrafast temporal resolution is 
however still a challenging task. 

Transient four-wave mixing (FWM) spectroscopy is a powerful tool to investigate the 
ultrafast dynamics (also in the coherent light-matter interaction regime [1]) following excitation by a 
short optical pulse in non-fluorescent NPs. Recently, we have expanded this pump-probe 
spectroscopy technique to the microscopy domain and demonstrated background-free imaging of 
single small (< 40nm) gold NPs even in highly scattering/fluorescing environments such as within 
cells [2]. Importantly, we demonstrated imaging at useful speeds (10kHz pixel rate) and low 
excitation powers (<100kW/cm2) compatible with living cells, with a 3D spatial resolution 
significantly surpassing the one-photon diffraction limit. Furthermore, by implementing a phase-
sensitive heterodyne detection we resolved the ultrafast changes of the real and imaginary part of 
the dielectric function in single gold NPs [3]. The results agree well with a quantitative model (see 
red dashed lines in figure) of the FWM response which accounts for the transient electron 
temperature and density in gold via intraband and interband transitions at the surface plasmon 
resonance (SPR). Beyond fundamental interest, this phase-resolved detection provides an intrinsic 
ratiometric readout which has the potential to bring unprecedented sensitivity in SPR-based 
sensing applications. We also recently applied this technique to image single nanodiamonds via 
their vibrational coherence at the diamond resonance of the sp3 carbon bonds, and our latest 
results will be presented.   

 
 
Left: Sketch of the phase-resolved transient FWM micro-spectroscopy technique. AOM: acouto-optics modulator. BPD: 
balanced photodiodes. Top inset: FWM imaging of 20-nm gold NPs resonantly excited and probed at 550 nm and 
corresponding histogram with a Gaussian fit showing a monomodal size distribution. Right: Transient changes of the real 
and imaginary parts of the dielectric function of a single 20-nm gold NP. Dashed lines are corresponding calculations 
(see text). 
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