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Master Internship / PhD Thesis offer
Starting 1 semester 2026

Inverse Faraday effect in plasmonic devices

Supervisors: Benoit Cluzel, Alexandre Bouhelier
Collaborator: Mathieu Mivelle (INSP, Sorbonne Université)

Summary

The inverse Faraday effect (IFE) enables light to generate an effective magnetization without external bias,
linking the spin of the optical field to a quasi-static magnetic response. Since the earliest reports in bulk media
and metals, the key insight for nanoscale control has been that strongly inhomogeneous optical fields can greatly
amplify the spin density and the associated opto-magnetic source currents that underlie the IFE. In plasmonic
architectures, near-field localization, field gradients, and nanometric mode volumes provide precisely these
conditions, focusing the opto-magnetic response to deep-subwavelength regions and opening routes to
ultrafast, nanoscale control of magnetism. Microscopic theory now quantifies IFE-induced orbital magnetism in
metals and clarifies how material parameters and disorder shape the response under high-frequency excitation
[1]. Complementarily, resonant nanostructures create nonuniform, vectorial fields that map into spatially
structured effective magnetic fields via the IFE, as demonstrated at Mie-type resonances and in plasmonic
hotspots [2,3]. Beyond general enhancement, plasmonic inverse-design strategies have realized a chiral IFE: the
near-field spin density is engineered so that only one helicity produces a strong, localized magnetic field—up to
the sub-tesla level—in the vicinity of a nanostructure [4]. These advances establish a consistent physical picture
in which nanophotonic control of optical spin and field gradients governs the magnitude, sign, and spatial profile
of IFE-induced magnetization.

Harnessing the IFE in practical magneto-optical devices
requires  bridging  near-field plasmonics  with
magnetization dynamics and thermal pathways.
Multiphysics modeling that combines Maxwell
electrodynamics, heat flow, and spin-lattice relaxation
captures helicity-dependent responses driven by
plasmonic hotspots and provides quantitative design
rules for material stacks and pulse parameters [5]. Figure 2 Near-field distribution of the amplitude (left) and phase
Experimentally, plasmon-enabled control of energy (right) of the dipolar plasmonic resonance of a gold disk
deposition has achieved layer-selective, nanometer- (diameter 1um) upon light excitation with circular polarization
resolved all-optical magnetization switching in magnetic

heterostructures by tuning polarization and coupling to surface plasmon polaritons, highlighting how near-field
engineering can deterministically address specific layers within complex stacks [6]. Taken together,
contemporary microscopic theory, resonant near-field enhancement, inverse-designed chiral responses, and
device-level modeling converge to position plasmonic IFE as a viable pathway toward energy-efficient, ultrafast,
and deeply scaled magneto-optical switching, while also providing testable predictions for disentangling IFE-
driven torque from purely thermal mechanisms in future devices.

The proposed Master/PhD project lies within this context and aims to further study the IFE experimentally. The
project is designed to start first semester 2026 as a Master internship to prepare the student for a PhD thesis in
September 2026 (funded by PEPR LUMA in the framework of the BERNARDO project). During the internship, the
student will have to implement confocal microscopy experiments to spatially map photocurrents at the
nanoscale upon polarization-resolved laser excitation. The student will take in charge the confocal microscope
alignments, conduct the electro-optical experiments and proceed to data analysis. Later in the project, during




the PhD, the student will also receive formal training of the clean room nanofabrication facility (lithography,
materials deposition, etching, etc ) to design and realize optimized nanostructures. The student will finally
conduct sub-wavelength near-field characterization of the light induced photocurrents. All experiments will be
conducted on ARCEN-CARNOT and SMARTLIGHT platforms of ICB laboratory.
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Benefits
The applicant will have access to different managing platforms (email account, computing center, clouds, data
management, travel apps, diffusion lists, library access, etc) and formation opportunities. The applicant will
join a dynamic research team constituted of permanent scientists, PhD students and postdocs. The hosting
team evolves in a national and international collaborative context via its implication in several projects. The
applicant will fully benefit from this network and will be encouraged to attend conferences and workshops.
Additionally, uBe has launched an international Master program in Photonics. The applicant will be given the
opportunity to teach lectures or supervise practical work and internships to strengthen his pedagogical skills.
Furthermore, uBe is a member of the Alliance FORTHEM (Erasmus+) gathering 6 pan-European universities
and offers joint career guidance, tutoring facilities and mobility and is also participating in the European
network of Mobility Centers (EURAXEES). The local office provides guidance and help to foreign scientists
(administrative formalities, health insurance, accommodation, etc), which can be mobilized by the applicant if
needed.

Eligibility criteria
The laboratory is a restricted area. The work contract will be issued only after the application has received
clearance from the national defense security officer.

Selection process
Selection will solely be based on the scientific quality and experience of the candidates. Please, provide contact
details for two references. Applications for this offer must be send to:

benoit.cluzel@ube.fr AND alexandre.bouhelier@ube.fr

with the following documents:
- A full CV including undergraduate details
- A transcript of your academic records



https://doi.org/10.1038/s41467-019-12699-0
https://doi.org/10.1038/s41467-019-12699-0
mailto:benoit.cluzel@ube.fr
mailto:alexandre.bouhelier@ube.fr

