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1. Context and Scientific Challenges 

As electronics reach the nanoscale, a major bottleneck persists: the widening speed gap between 
information processing (GHz) and magnetic storage. Current non-volatile memories (e.g., MRAM) struggle 
to balance speed and low power consumption. All-Optical Switching (AOS) at femtosecond scales offers a 
disruptive solution to manipulate magnetic order beyond current picosecond limits, but existing techniques 
suffer from low energy efficiency. 
A promising route exploits the Inverse Faraday Effect (IFE) in plasmonic nanostructures to convert laser 
energy into intense, localized magnetic fields. However, current research relies on classical circular 
polarization, restricting magnetization to simplistic spatial distributions. 
To unlock new regimes, this project investigates how the geometric chirality of 3D nanostructures enhances 
the coupling between light’s angular momenta and plasmonic materials. In France, this is a national priority 
driven by the PEPR LUMA (Light-Matter Interactions) and the Bernardo Consortium, where Sorbonne 
Université is represented through the expertise of Mathieu Mivelle (INSP).  
We are expanding this via a strategic partnership with NTU Singapore. Prashant Kumar’s lab provides 
unique synthetic capabilities for complex 3D chiral colloidal architectures (Fig. 1a). Combined with SU’s 
ultrafast characterization on the SUMO (Spectroscopie Ultrarapide et Magnéto-Optique) platform, this 
synergy will harness structural chirality for efficient, tailored, ultrafast all-optical magnetization, positioning 
our collaboration at the forefront of next-generation of ultrafast magnetism and data storage. 
2. Scientific Objectives 

The project aims to unravel the fundamental mechanisms governing angular momentum transfer between 
light and chiral matter to achieve efficient, light-driven magnetic control. 

Objective 1: 3D Chiral Meta-atoms for High-Efficiency Magneto-Plasmonics. We aim to demonstrate that 
3D colloidal symmetry (Fig. 1a), unlike 2D systems, provides the degrees of freedom required to maximize 
interaction with 3D electromagnetic field vectors. By engineering plasmonic "hotspots" (LSPR) on these 
chiral scaffolds, we will use structural helicity as a passive amplifier to drastically enhance the Inverse 
Faraday Effect (IFE) efficiency. This approach seeks to reach a new regime of low-energy All-Optical 
Switching (AOS) where light-matter coupling is driven by the designed 3D plasmonic response. 
Objective 2: Decoding OAM-Matter Interaction and New Selection Rules. A disruptive goal of this project is 
to explore the interaction between light’s Orbital Angular Momentum (OAM) and 3D chiral geometry. We 
will investigate how "twisted" optical vortex wavefronts couple with "twisted" nanostructures at the 
nanoscale. The objective is to identify unique selection rules that govern this interaction, potentially 
unlocking unprecedented control over local spin densities and spatial magnetization distributions. 
Objective 3: Spatiotemporal Mapping of Femtosecond Momentum Flow. The final goal is to establish a 
comprehensive map of the angular momentum transfer with femtosecond resolution using the SUMO 
platform (INSP, Fig. 1b,c). We will track the dynamic flow of momentum—from incident photons to 
plasmonic resonators, electronic spins, and finally the lattice. This holistic spatiotemporal tracing is essential 
to correlate the 3D nano-architecture with the resulting ultrafast magnetic response. 

Figure 1: (a) SEM of a 3D chiral bowtie (NTU). (b) 
Experimental schematic: a pump pulse (red) carrying 
SAM and OAM induces magnetization via IFE, 
detected by probe pulse polarization rotation (blue). 
(c) SUMO platform (SU) validation: preliminary 
results on a 100 nm gold film confirm all-optical 
transient magnetization detection, where Faraday 
rotation depends on pump helicity (RHCP/LHCP). 
This validated setup will be adapted with an SLM and 
phase plate for advanced OAM shaping.
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3. Scientific Approach and Methodology 
The project is organized into two highly integrated work packages (WP) operating in a "Design-to-
Characterization" feedback loop between Singapore and Paris: 

WP1: Nano-Engineering and Functionalization (NTU - Lab of P. Kumar)  
The PhD candidate will harness NTU’s unique colloidal chemistry to develop structure-optics correlations to 
predictively design desired optical responses. Towards this end, he will focus on: 
3D Scaffold Design: Developing multi-scale 3D models of colloidal "bowties" and helical structures into 
patterned superstructures at the millimeter length scale. 
Hybridization: Activating the magneto-plasmonic modes of these scaffolds with Gold (Au) nanoparticle 
surface functionalization  to trigger LSPR at targeted femtosecond laser wavelengths, maximizing the optical 
response. 

WP2: Ultrafast Magneto-Optical Study (SU - SUMO Platform) 
Advanced characterization will be performed at INSP using the SUMO platform, a unique SU resource (co-
developed with LCPMR) providing sub-picosecond resolution and high magnetic sensitivity: 
Time-Resolved Dynamics: We will employ ultrafast pump-probe spectroscopy (Faraday/Kerr rotation) to 
track all-optical magnetization. We will specifically compare the efficiency of structural vs. optical helicity in 
triggering magnetization. 
OAM Implementation: To address the OAM frontier, the candidate will integrate Spatial Light Modulators 
(SLM) and phase plates into the SUMO setup. This will allow for the dynamic shaping of optical vortices to 
study their disruptive coupling with the synthesized 3D meta-atoms. 
4. Justification of the Strategic Partnership 

This project is a strategic integration of two complementary ecosystems: 
Established Synergy and Feasibility: This proposal results from a sustained collaboration. Following 
Mathieu Mivelle’s two-month Visiting Professorship at NTU, Prof. Prashant Kumar’s reciprocal one-month 
visit to Sorbonne University is scheduled for May 2026. This will integrate the NTU team into the Bernardo 
Consortium (PEPR LUMA), effectively institutionalizing a transcontinental bridge. Preliminary experimental 
results already confirm the project's high technical feasibility and scientific potential, with two joint 
publications currently being drafted. 
A "Mirror PhD" Training Strategy: To maximize knowledge transfer, we implemented a tandem student 
strategy. While this grant supports an SU student, Prof. Kumar is simultaneously recruiting a PhD student at 
NTU. Operating as a "mirror pair," they will exchange raw data and theoretical models. The SU student will 
spend significant periods at NTU focusing on colloidal scaffolds, while in return training the NTU student on 
Sorbonne’s specialized ultrafast optical characterization protocols. 
National and International Structural Anchoring: This partnership is a cornerstone of the new CNRS 
International Research Project (IRP) ORCHIDS, providing a robust administrative and scientific framework. 
By harnessing Singapore’s recent association with Horizon Europe, our team is positioned to lead future 
joint European-Singaporean grant applications. Additionally, this collaboration creates a high-leverage 
opportunity to apply for prestigious Competitive Research Programme (CRP) grants in Singapore, ensuring 
long-term funding. 
Transversal Academic Impact and Local Ecosystems: Although rooted at the Institut des Nanosciences de 
Paris (INSP), the project extends its impact to other major SU units. Specifically, it involves the LCPMR to co-
develop the SUMO platform’s experimental capabilities, benefiting the broader Sorbonne University 
community. In Singapore, the candidate will be embedded in the French research network via the CINTRA 
(CNRS-NTU-Thales) laboratory, fostering an elite international network. 
5. Candidate Profile 

Candidates must hold an M.Sc. in Physics, Materials Science, or Nanotechnology (optics/condensed matter). 
A highly qualified Erasmus Mundus student is already recruited for the preliminary M2 internship, 
demonstrating the excellence and international adaptability required for this SU-NTU partnership. Jointly 
selected by both supervisors, the candidate's technical fit is confirmed. His ongoing work on 3D structure 
characterization ensures a seamless transition to the PhD, providing immediate momentum and a high 
guarantee of success from day one.


