NQSTI

National Quantum Science
and Technology Institute

Optical Forces and Field Dynamics in Gain-Enhanced Plasmonic
Nanostructures: Toward Single-Particle Nanolasers

Alessandro Veltri'?, Melissa Infusino®?, Rosalba Saija™®, Onofrio M. Maragé®, Maria A. lati
1. CNR-IPCF, Istituto per i Processi Chimico-Fisici, I-98158, Messina, Italy
2. Colegio de Ciencias e Ingenieria, Universidad San Francisco de Quito, Ecuador
3. Dipartimento di Scienze Matematiche e Informatiche, Scienze Fisiche e Scienze della Terra, 1-98166, Universita degli
Studi di Messina, Italy

Abstract: We study optical forces and trapping of hybrid quantum-plasmonic nanoparticles with a metal
nanoshell and a gain-enriched core, below and above the emission threshold. This open perspectives for single-
particle nanolaser with potential for quantum-enhanced plasmonics.

Optical tweezers [1] are tools made of light for the contactless trapping and manipulation of particles [2]
from single atoms to microplastics [3]. In our earlier study [4], we analyzed the optical forces acting on a
trapped plasmonic nanoparticle with a metal nanoshell and a gain-enriched core, operating below the emission
threshold. This work provided insights into the interplay between quantum and optical phenomena in such
structures. Recently, we extended this framework [5] by modeling the electromagnetic fields around the same
structure above the emission threshold and describing the field dynamics. Our analysis reveals the critical
transitions from sub-threshold to super-threshold regimes of emission, emphasizing the role of quantum-
enhanced plasmonics in advancing nanophotonic technologies. By modeling the electromagnetic fields above
the emission threshold, we provide a comprehensive framework to understand the interplay of gain and
plasmonic effects. This enables exploration of the optical forces and trapping in the emissive regime and could
reveal critical changes in the transition from sub-threshold to super-threshold operation.

These findings pave the way for designing systems that could experimentally demonstrate and characterize
a single-particle nanolaser in the near field, highlighting the potential of quantum-enhanced plasmonics for
advancing nanophotonic applications.
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