Exploring quantum defects in 2D materials with ultrafast optical

coherent microscopy

PhD Advisors: Francgois Fras, Alberto Barsella (HDR)
Contact : fras@ipcms.unistra.fr - 33 (0)3 88 10 10 72 13
Location : IPCMS, Department of ultrafast optics and nanophotonics, Strasbourg

Scientific context. Quantum emitters in two-dimensional (2D) semiconductors layered materials are growing
rapidly as one of the most promising building-blocks for next generation quantum technologies [1,2,3].
Additionally such gbits systems are of great interest for fundamental quantum optics experiments. Indeed,
these optically active defects or confined exciton inherit exceptional properties from their 2D hosts, which
exhibit a high mechanical flexibility, easy integration into photonic chips, and capacity to be stacked with
other 2D materials (2DM) to form innovative device architectures.
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Figure: lllustration of quantum defect in hBN 2D lattice. Optical signature from a single radiative defect obtained by
micro-photoluminescence in a home-made hBN sample. (Right) Scheme of the time-resolved experiment in four-wave
mixing configuration (FWM), see also ref [4,5]. The first pulse creates a quantum superposition between the excited and
the ground states of the excitonic system. This superposition evolves freely in time, then the second pulse probes the
quantum state of the system with a time resolution of about 100 fs. Below is the corresponding evolution of quantum
states represented in the Bloch sphere.

Project. In the team, important progress has been made on one hand concerning the processing and
identification of radiative defects in van der Waals 2D semiconductors such as hexagonal Boron Nitride [6],
and on the other hand, in the development of a cutting-edge experiment that combines optical microscopy
and ultrafast non-linear coherent spectroscopy (see fig.) [5]. The latter allows to optically probe and
manipulate quantum superpositions of states at the single-system level with spatial (~ 500 nm) and temporal
resolution (100 fs) [4,5]. In this context, we are looking for a motivated student to investigate the light-matter
interaction mediated between radiative defects or confined excitons in 2D hosts, coupled to photonic
nanostructures, in order to tailor their optical properties. The PhD project comprises multiples aspect. 1)
Synthesis of new-generation 2D materials. 2) Static characterization of quantum emitters using micro-
photoluminescence spectroscopy, ranging from cryogenic to room temperature. 3) Study of the quantum
properties using state-of-the-art time-resolved experiment mentioned above. 4) Understanding and modelling
of the mechanisms of decoherence of confined excitonic systems surrounded by photonic and 2D crystalline
environments.

[1] I. Aharonovich, ; Toth, M. Quantum Emitters in Two Dimensions. Science 358 (6360), 170-171 (2017).

[2] A.Kubanek. Coherent Quantum Emitters in Hexagonal Boron Nitride. Adv Quantum Tech 5 (9), 2200009 (2022),
[3] Vasconcellos, et al Single-Photon Emitters in Layered Van Der Waals Materials. Physica Status Solidi (b) (2022).
[4] F. Fras et al Multi-wave coherent control of a solid-state single emitter. Nature Photonics 10, 155-158 (2016).

[5] R. Chowdhury et al. Robust coherent dynamics of homogeneously limited anisotropic excitons in two-dimensional
layered ReS2 https://arxiv.org/abs/2411.13695

[6] M. Islam et al Large-Scale Statistical Analysis of Defect Emission in hBN: Revealing Spectral Families and
Influence of Flakes Morphology.ACS Nano 2024, 18, 32, 2098020989 .



mailto:fras@ipcms.unistra.fr
https://doi.org/10.1126/science.aao6951.
https://doi.org/10.1126/science.aao6951.
https://doi.org/10.1126/science.aao6951.
https://onlinelibrary.wiley.com/doi/full/10.1002/qute.202200009
https://onlinelibrary.wiley.com/doi/full/10.1002/qute.202200009
https://onlinelibrary.wiley.com/doi/10.1002/pssb.202100566
https://onlinelibrary.wiley.com/doi/10.1002/pssb.202100566
https://arxiv.org/abs/2411.13695
https://pubs.acs.org/doi/abs/10.1021/acsnano.3c10403

