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Nanoscale transmission of quantum excitations for quantum communication, computing and 

measurement will require transfer that preserves the quantum character of the information. One proposed 

realization for nanoscale quantum information transfer uses hybrid systems of metallic nanoparticles 

(MNP) and semiconductor quantum dots (QD), with plasmons in MNPs moving qubits from QD to QD. 

An accurate description of this process requires an understanding of the coupling and hybridization 

between states of the QD and the MNP plasmons and between the MNPs that couple the QDs. Ultimately, 

a quantum description of the entire system, treating the MNPs and QDs on an equal footing, is needed to 

fully account for size quantization, quantized plasmons, coherent coupling, interparticle tunneling and 

nonlocal and nonlinear response.  

 

To this end, we apply real-space time-dependent density functional theory to MNP dimers and QD-MNP  

nanohybrid molecules. The MNPs are Au jellium nanospheres. The QDs are modeled as finite spherical 

square wells with two bound states, one filled and one empty. We consider the limit of small systems 

where size quantization effects play a key role. In previous work, we showed that individual, small MNPs 

support “quantum core plasmons”, charge density oscillations primarily localized near the MNP core, and 

“classical surface plasmons”, charge density oscillations more at the MNP surface [1]. Both of these are 

collective oscillations. As the size of the MNP increases, there is a transition to classical behavior. 

 

For dimers and nanohybrids, mode hybridization plays a critical role: in dimers, it is the hybridization of 

similar modes; in nanohybrids, the hybridization is between plasmonic modes of the MNP and excitonic 

modes of the QD. The figure shows evolution of the rich spectrum of a size-quantized MNP dimer as the 

dimer separation is varied. Redshifting and blueshifting modes are clearly visible. Bright and dark modes 

both contribute to the spectrum. Both the classical surface plasmon modes and the quantum core 

plasmons contribute, although the coupling strength is different for each type of mode. In QD-MNP 

hybrids, plasmon hybridization with the discrete QD excitations differs significantly from plasmon-

plasmon hybridization in the size-quantized limit. This interplay of mode hybridization, the character of 

the modes involved, and mode polarization will be described to identify how size quantization determines 

the quantum limit for small dimers and nanohybrids. 
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