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Improving the sensitivity of THz spectroscopy is a longstanding challenge that envisions a great 
impact on fundamental studies involving the interaction of such long wavelengths with nano-objects 
at extremely low concentrations. Within this context, THz resonant dipole antennas coupled through 
nanogaps are effective in confining THz radiation on a deep subwavelength scale [1], with a 
significant field enhancement in close proximity of antenna-based nanocavities (see Figure). These 
properties are particularly promising for improving THz radiation-matter interactions within nano-
volumes. In particular, we have recently studied the coupling between the phonon resonance of 
semiconducting nanocrystals and the plasmon resonance of nanoantenna arrays. When the two 
resonances are matched, the combined system shows a clear interference feature in THz extinction 
measurements (see Figure). We have successfully employed this effect to perform enhanced THz 
spectroscopy of a single layer of CdSe quantum dots [2]. The conjugation between quantum emitters 
and confined optical modes has been further extended towards the strong coupling regime, where 
intensified THz radiation-matter interaction promotes the formation of novel hybrid states. In this 
view, light-matter hybridization can dramatically change the physico/chemical properties of the 
pristine systems, envisioning exciting scenarios in many fields, e.g. in the advanced control of the 
optical phonon response of functional nanomaterials as well as in the realization of novel platforms 
for nanoscale quantum technologies. 
 

 
 

Figure. (a) SEM detail of a nanogap region covered with a QD monolayer. The electric field enhancement 
under resonant conditions is reported in the bottom panel. (b) Normalized transmission of nanoantenna arrays 
(for different length L and spacing Gy) covered with CdSe QDs. fc represents the QD phonon mode frequency.  
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