
                        

started right at the beginning of the PhD to ensure good knowledge transfer at Inphyni. The first batch of waveguides 
in Pr:YSO is expected to be produced aier 18 months of development. In T1.2, the waveguides will be characterized 
by opJcal injecJon at room temperature then at 4 K all along their producJon during T1.1. Task 1.3 will focus on the 
deposiJon of metallic electrodes on the surface of the waveguides to perform spin manipulaJon with radiofrequency 
fields in WP2. This implies the deposiJon of a metallic layer prior to the dicing step by spuUering, enabling the 
definiJon of a coplanar transmission line, as displayed on Figure 1. Such electrodes will allow us to dispose of high 
intensity magneJc field, allowing us to reach high Rabi frequency for spin manipulaJon. Finally, a numerical task (T1.4), 
dedicated to simulaJng the opJcal mode transverse profile with respect to the fabricated waveguide profile will permit 
to precisely esJmate the opJcal parameters required for opJmal opJcal injecJon. In this task, the transverse profile 
of the magneJc field generated by the coplanar transmission line will also be numerically simulated to ensure good 
overlap with the opJcal mode. 
 
The second workpackage, that will run in parallel to the first one, will be devoted to the experimental invesJgaJon 
related to coherence improvement and spin manipulaJon of a REIDC subject to an ambient staJc magneJc field. In 
T.2.1, the applicant will use the methodology previously developed in our team to determine favourable magneJc 
condiJons to maximize the spin coherence Jme in a Pr:YSO crystal. The constraint will be to limit the amplitude of this 
staJc field to ~10 mT at most. In a second task (T2.2), the applicant will jointly work with another PhD student (already 
present on the setup), to get familiar with the AFC spin-wave storage protocol. In this task, usual commercially available 
bulk crystals will be used. This protocol will be at the core of T2.4, apex of the doctoral work, but requires a specific 
know-how for implementaJon. Task 2.3 consists in invesJgaJng opJmal spin manipulaJon strategies. It is split in two 
parts. During the first six months, numerical and theoreJcal derivaJons will be conducted in close collaboraJon with 
McTao Inria/ljad joint team to invesJgate the best manipulaJon strategy for efficient spin inversion. From month 15, 
it will consist in implemenJng the pulse profiles on a macroscopic coil wrapped around the bulk crystal to validate 
experimentally the approach. Finally, T2.4 will gather the samples developed in WP1 together with the know-how 
gained in WP2 to store quantum photonic states for duraJons of the order of 5 ms, a record for Pr:YSO in waveguide 
architectures at low magneJc fields. The photonic states will be generated by a source of entangled photons, currently 
developed in the laboratory. 
The feasibility of this project within the three years is ensured by several key points. First, a preliminary version of the 
fabricaJon protocol is present in the laboratory for the ridge waveguides. Dicing parameters, lapping procedure, glue 
aging processes are now mastered and will beneficiate to the student. Second, a complete cryogenic setup with a fully 
equipped opJcal bench to address the opJcal 606 nm transiJon of Pr:YSO is available in the laboratory. Notably, IDEX 
Jedi already did support this acJvity as it did co-fund the cryostat head (call 2021, 15 k€) and the seed laser (call 2020, 
30 k€). Only consumables will be required to run the setup, that will be purchased with contracts running for the whole 
duraJon of the PhD. 
 

• Originality, key features, innova1ve aspects 
On the device fabricaJon aspect of the project, previous methods for integraJng quantum memories have so far relied 
on techniques that do affect the spin and opJcal coherence properJes of the REIDCs. In our original approach, we 
choose a different strategy, where the guiding secJon of the crystal remains unaffected by the fabricaJon process (no 
ion diffusion, local amorphizaJon, etc.). Therefore, we expect to reach unprecedented performances for the memories 
in guided architectures. 
Moreover, on the magneJc field invesJgaJon aspect of the project, material science study will open new perspecJves 
in terms of storage duraJon, thanks to our local experJse in modelling the crystalline structure of host matrices. To 
date only a few theoreJcal studies and even less experimental realizaJons focussed on this parJcularly low magneJc 
field regime, that -we esJmate- should open a wide range of perspecJves for long-duraJon storage. 
 

• Adequacy with Innova1ve materials program 
HIQUAWA aims at developing a new generaJon of solid-state integrated photonic quantum memories, by 
invesJgaJng material science both in a technological and fundamental way. By pushing our already well-advanced 
fabricaJon protocol to a mature stage, we expect to be the first group to dispose of solid-state quantum memories 
capable of maintaining state-of-the-art performances in waveguides. Moreover, the fundamental invesJgaJons we will 
jointly conduct with the Inria McTao team will not only allow us to idenJfy favourable magneJc condiJons, but also 
open perspecJves in using different host materials, less prone to spin bath noise. 
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Context.— Rare-earth ion-doped crystals constitute a unique platform to implement a wide variety
of protocols for storage and manipulation of photonic quantum information. This is notably due to
their record coherence properties and the scalability they offer. Storage time of the order of one
hour could be demonstrated with ‘non-Kramers’ ions, with a protocol opening the way to frequency
multiplexed storage: the atomic frequency comb. The solid-state nature of the platform enabled the
development of integration methods, which to date all alter the coherence properties with respect to
bulk measurements.

Objectives.— The objective of this thesis is twofold:

- Develop a fabrication protocol for integrating ridge waveguides in rare-earth ion-doped yttrium
orthosilicate (YSO) crystals.

- Identify optimal magnetic conditions to implement spin-wave storage of quantum states of light
in a Praseodymium-doped yttrium orthosilicate crystal.

In order to reach these objectives, the work will rely on a
currently developed fabrication protocol, which allowed us
to bond YSO crystals to silica substrates (project funded
by an ANR JCJC program, see figure for a world first real-
ization). The samples will then be cooled down to <4K for
spectroscopic characterization in an in-house built cryostat.
The magnetic study will be conducted in collaboration with
theoretician researchers from INRIA-Ljad.

Work environment.— The PhD will be done at the
Institut de Physique de Nice. The applicant will work in
the team ‘Quantum Information and Photonics’, a world-
wide renowned team in quantum photonics. This project
will be done within the program ’Matériaux Innovants’ of IdEx, ensuring funding for the PhD.
The experiment is also part of the PEPR Quantique via the project Qmemo, ensuring a favorable
environment for purchasing both equipements and consumables.

Required background.— The applicant should have a solid background on quantum physics,
in particular in light-matter interaction, quantum optics and non-linear optics. An experience in
experimental optics would be a strong asset.

Contacts.— Applicants must send a CV and a motivation letter to Jean Etesse :
jean.etesse@inphyni.cnrs.fr, +33 (0) 4 89 15 28 46
Scientific advisor of the PhD will be Sébastien Tanzilli :
sebastien.tanzilli@inphyni.cnrs.fr, +33 (0) 4 89 15 28 66
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