* X %

&

%1

* *
™ UNIVERSITE L
BOURGOGNE ok ch
EUROPE

UNION EUROPEENNE

Fonds Européen de Développement Régional Laboratoire Interdisciplinaire

Carnot de Bourgogne

THESE DE DOCTORAT DE L’UNIVERSITE DE BOURGOGNE
EUROPE

PREPAREE AU LABORATOIRE
INTERDISCIPLINAIRE CARNOT DE BOURGOGNE

Ecole doctorale n°553
Carnot Pasteur

Doctorat de Physique
par

Alberto Alexander DIAZ VALLES

Waveguide quantum electrodynamics in a
plasmonic nanowire: Strong coupling regime,
energy transfer and single photon transport

These présentée et soutenue a Dijon, le 18/12/2025

Composition du jury :

M

M

M

M

M

M

. Gérard COLAS DES FRANCS

. Stephane GUERIN

Professeur des universités

- Ame KELLER Unwwversité Paris Saclay Rapporteur
: Maitre de conférences (HDR)
- Brian STOUT Aiz-Marseille Universite Rapporteur
. Professeur des universités .
. Dominique SUGNY . " Examinateur
Unwwversité Bourgogne Europe
Maitre de conférences .
. Juan Rafael ALVAREZ Examinateur

Telecom Paris

Professeur des universités

) . Di hé
Université de Bourgogne Furope irecteur de thése

Professeur des universités

: . -di hé
Université Bourgogne Furope Co-directeur de thése



Abstract

Quantum plasmonics represents a promising frontier at the intersection of quantum optics and
nanophotonics, aiming to integrate quantum functionalities within nanoscale photonic circuits. By
exploiting surface plasmon polaritons (SPPs) sustained by metallic nanostructures, one can achieve
subwavelength confinement of electromagnetic fields and drastically enhance light—-matter interaction.
These properties are essential for the realization of efficient single-photon sources, quantum communica-
tion channels, and scalable on-chip quantum technologies. However, plasmonic systems are intrinsically
lossy, and their quantum description demands rigorous formulations capable of incorporating dissipa-
tion, non-Markovian effects, and strong coupling regimes beyond the rotating wave approximation
(RWA).

This thesis develops a comprehensive theoretical framework describing the interaction of quantum
emitters with plasmonic nanowires. Starting from macroscopic quantum electrodynamics (QED), the
dyadic Green’s tensor of the nanowire is derived and decomposed into its radiative and evanescent
components, allowing for a precise quantization of lossy plasmon modes. Effective Hamiltonians are
then constructed to link this continuous description to standard waveguide QED formalisms. The
approach is progressively extended from single-emitter to multi-emitter configurations, incorporating
both Forster Resonance Energy Transfer (FRET) and laser-driven stimulated Raman adiabatic passage
(STIRAP)-like dynamics.

The work reveals that the Fano modal decomposition of the Green tensor accurately captures
the spectral response of emitter-nanowire systems and clarifies the emergence of dressed states in
the strong-coupling regime. The numerical results demonstrate how the Purcell enhancement and
dipole—dipole interactions determine population transfer and coherence preservation at nanometer
scales. Comparison between RWA and no-RWA dynamics shows that counter-rotating terms play
a decisive role in the near-field regime, accelerating population oscillations and modifying decay rates.
Moreover, by introducing time-dependent laser coupling, it is shown that STIRAP-like schemes are
proposed to achieve nearly complete and robust population transfer between spatially separated emit-
ters. The model is then generalized to analyze single-photon transport in one-dimensional plasmonic
nanowires, where modal quantization provides explicit expressions for reflection and transmission.

This research establishes a unified quantum optical description bridging Green’s function meth-
ods, modal quantization, and effective Hamiltonian models for dissipative nanoplasmonic sys-
tems. It demonstrates that plasmon-mediated strong coupling enables coherent energy transfer
and controllable photon transport at deeply subwavelength scales, providing a pathway toward
the integration of quantum plasmonic circuits on photonic chips. Future research could extend
this framework to include collective effects in multi-emitter arrays, explore chirped or struc-
tured light excitations for robust state transfer, and investigate hybrid plasmonic-dielectric
architectures to mitigate losses while preserving the benefits of extreme field confinement.

Keywords: Quantum Plasmonics, Non-hermitian Hamiltonian, Green dyadics, Population Trans-
fer driven by laser, Single photon transport, Rotating Wave Approximation, Markovian dynamics,
Fano resonances.
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