
Nano-focused multimodal imaging, control, and interaction dynamics: 
Ultrafast spectroscopy reaching the single emitter limit 

 
Markus B. Raschke 

Department of Physics, Department of Chemistry, and JILA,  
University of Colorado, Boulder, USA 

 
Combining plasmonic and optical antenna concepts with ultrafast and shaped laser pulses allows 
for the precise control of an optical excitation on femtosecond time and nanometer length scales. 
In the implementation with scattering scanning near-field microscopy (s-SNOM) or other tip-
enhanced microscopy modalities with nonlinear, ultrafast, and IR and Raman vibrational 
spectroscopies, the resulting enhanced and qualitatively new forms of light-matter interaction 
enable deep-subwavelength spatially 
resolved imaging of molecular quantum 
dynamics in an interacting environment. I 
will present several new concepts extending 
tip-enhanced spectroscopy into the nonlinear 
and ultrafast regime for nano-scale imaging 
and spectroscopy of surface molecules and 
nano-solids. Examples include the adiabatic 
nano-focusing for spatio-temporal imaging 
with optical control at the 10 nm-10 fs level 
[1] (Fig. 1), cryo- and variable temperature 
single molecule Raman spectroscopy 
probing intra-molecular interactions [2], the 
transition from classical to quantum 
plasmonic emitter coupling [3], and new 
ways to control ultrafast electron generation 
for ultrafast imaging and STM [4].  
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Fig. 1. Nonlinear four-wave mixing nano-focused spatio-
temporal imaging of coherent plasmon dynamics with few 
femtosecond temporal resolution. Pulse pairs are generated by 
a pulse shaper, with controllable delay and applied chirp and 
delivered to the sample by grating coupling and adiabatic 
nanofocusing on the tip (right). Real-time imaging of the 
spatio-temporal evolution of the coupled hot-spot plasmon 
dynamics of a nanostructured gold surface (left) [1]. 


