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PhD Position F/M Theoretical and numerical study of
dark solitons in nonlinear Schrodinger equations (M/F)

Type de contrat : Fixed-term contract
Niveau de diplome exigé : Graduate degree or equivalent
Fonction : PhD Position

Niveau d'expérience souhaité : Recently graduated

A propos du centre ou de la direction fonctionnelle

The Inria University of Lille centre, created in 2008, employs 360 people including 305 scientists in 15
research teams. Recognised for its strong involvement in the socio-economic development of the Hauts-
De-France region, the Inria University of Lille centre pursues a close relationship with large companies
and SMEs. By promoting synergies between researchers and industrialists, Inria participates in the
transfer of skills and expertise in digital technologies and provides access to the best European and
international research for the benefit of innovation and companies, particularly in the region.

For more than 10 years, the Inria University of Lille centre has been located at the heart of Lille's
university and scientific ecosystem, as well as at the heart of Frenchtech, with a technology showroom
based on Avenue de Bretagne in Lille, on the EuraTechnologies site of economic excellence dedicated to
information and communication technologies (ICT).

Contexte et atouts du poste

The nonlinear Schrodinger (NLS) equation is ubiquitous in Physics, and appears for example in cold atoms (Bose-Einstein
condensates) and nonlinear optics. It is well known that classical versions of this equation have particular solutions, named
"solitons", that travel at finite speed, without changing shape over time. These solitons play a central role in the global dynamics
of this equation.

In this PhD thesis, we aim at considering more complex versions of the NLS equation, in order to take into
account additional physical effects. In particular, we wish to include nonzero boundary conditions at infinity as
well as general nonlinearities, such as nonlocal or quasilinear terms. In this context, solitons are named "dark
solitons", while the name "bright solitons" is used for the classical solitons (with vanishing boundary
conditions at infinity). The main objectives of this PhD proposal are :

¢ Numerical computations of dark solitons, in dimension 2, when the boundary conditions are
periodic in one direction and nonzero in the order direction. In the context of [5], we wish to introduce a
discretized version of the variational formulation to be able to quantify numerically the transition
between "almost 1d" solitons, when the size of the torus is "small", and "actual 2d" solitons, when the
size of the torus is "large".

¢ Numerical simulation of the dynamics of solitons, in dimension 2, with nonzero boundary
conditions, so as to be able to simulate the dynamics of dark solitons. Some previous work [2,3], in
dimensions 1 and 2, exist, that we wish to extend to the theoretical context of [5]. Then, the goal will
be to derive, analyze and implement numerical methods in dimension 2 allowing to simulate
interactions between solitons (either between dark solitons or between dark and bright solitons), in
order to pave the way for a future theoretical analysis.

e Introduction of more complex nonlinear terms, in the NLS equation. In particular, we want to be
able to consider numerically nonlocal nonlinear terms, as well as quasilinear terms. Examples of
nonlocal nonlinear terms can be found in [4] (1 dimensional case), and examples of quasilinear terms
can be found in [6] (1 dimensional case as well). With theses additional terms, once their numerical
discretization is analyzed, we wish to both compute numercal solitons (axis 1 above) and simulate the
dynamics of the equation (axis 2 above) when the boundary conditions at infinity are nonzero, in
dimension 2.

Travel expenses are covered within the limits of the scale in force.

Mission confiée

Assignments:

With the help of G. Dujardin and A. De Laire, the recruited person will be taken to get familiar with the
scientific literature on the discretization of NLS equations, to develop, analyze and implement (Python, C,
etc) numerical methods, to write scientific articles, to present their work in scientific conferences.
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For a better knowledge of the proposed research subject:
A minimal biograhy consists in :

[1] M. J. Ablowitz. Nonlinear Dispersive Waves: Asymptotic Analysis and Solitons. Cambridge Texts in Applied
Mathematics. Cambridge University Press, 2011.

[2] W. Bao. Numerical methods for the nonlinear Schrédinger equation with nonzero farfield conditions.
Methods and Applications of Analysis, 11(3):367-388, 2004.

[3]1 W. Bao, Q. Tang, and Z. Xu. Numerical methods and comparison for computing dark and bright solitons in
the nonlinear schrédinger equation. Journal of Computational Physics, 235:423-445, 2013.

[4] A. de Laire, G. Dujardin, and S. Lépez-Martinez.Numerical computation of dark solitons of a nonlocal
nonlinear Schrédinger equation. To appear in Journal of Nonlinear Science, 2023.

[5] A. de Laire, Philippe Gravejat, and D. Smets. Minimizing travelling waves for the Gross-Pitaevskii equation
on R x T. To appear in Annales de la Faculté des Sciences de Toulouse.

[6] A. de Laire and E. Le Quiniou.Exotic traveling waves for a quasilinear Schrodinger equation with nonzero
background. Preprint arXiv:2311.08918

Collaboration:
The recruited person will be in connection with G. Dujardin and A. De Laire who will supervize the PhD
thesis.

Responsibilities :
The person recruited is responsible for achieving this scientific project.

Compétences

Technical skills and level required : M2
Languages : French, English, or Spanish
Relational skills : listening, adaptation, reactivity, autonomy

Other valued appreciated : scientific curiosity, scienfitic ethics

Avantages

o Subsidized meals

« Partial reimbursement of public transport costs

Leave: 7 weeks of annual leave + 10 extra days off due to RTT (statutory reduction in working hours)
+ possibility of exceptional leave (sick children, moving home, etc.)

Possibility of teleworking and flexible organization of working hours

Professional equipment available (videoconferencing, loan of computer equipment, etc.)

Social, cultural and sports events and activities

Access to vocational training

Social security coverage

Rémunération

2100€ gross per month for the 1st and 2nd years
2190€ gross per month for the 3rd year

Informations générales

o Théme/Domaine :Numerical schemes and simulations
Scientific computing (BAP E)

Ville : Villeneuve d'Ascq

Centre Inria:Centre Inria de I'Université de Lille

Date de prise de fonction souhaitée :2024-10-01
Durée de contrat:3 years

Date limite pour postuler:2024-04-30

Contacts

« Equipe Inria:PARADYSE
o Directeur de these:

Dujardin Guillaume / Guillaume.Dujardin@inria.fr
A propos d'Inria

Inria est l'institut national de recherche dédié aux sciences et technologies du numérique. Il emploie
2600 personnes. Ses 215 équipes-projets agiles, en général communes avec des partenaires
académiques, impliquent plus de 3900 scientifiques pour relever les défis du numérique, souvent a


http://www.inria.fr/centre/lille
https://www.inria.fr/equipes/PARADYSE
mailto:Guillaume.Dujardin@inria.fr

linterface d'autres disciplines. L'institut fait appel a de nombreux talents dans plus d’'une quarantaine de
métiers différents. 900 personnels d'appui a la recherche et a l'innovation contribuent a faire émerger et
grandir des projets scientifiques ou entrepreneuriaux qui impactent le monde. Inria travaille avec de
nombreuses entreprises et a accompagné la création de plus de 200 start-up. L'institut s'efforce ainsi de
répondre aux enjeux de la transformation numérique de la science, de la société et de 'économie.

L'essentiel pour réussir

There future PhD candidate will have a taste for applied mathematiecs, modelling, numerical analysis
and/or scientific computing. This will be clear from his previous scientific formation.

Attention: Les candidatures doivent étre déposées en ligne sur le site Inria. Le traitement des
candidatures adressées par d'autres canaux n'est pas garanti.

Consignes pour postuler

CV + cover letter

Sécurité défense:

Ce poste est susceptible d'étre affecté dans une zone a régime restrictif (ZRR), telle que définie dans le
décret n°2011-1425 relatif a la protection du potentiel scientifique et technique de la nation (PPST).
L'autorisation d'accés a une zone est délivrée par le chef d’établissement, aprés avis ministériel favorable,
tel que défini dans l'arrété du 03 juillet 2012, relatif a la PPST. Un avis ministériel défavorable pour un
poste affecté dans une ZRR aurait pour conséquence l'annulation du recrutement.

Politique de recrutement:
Dans le cadre de sa politique diversité, tous les postes Inria sont accessibles aux personnes en situation
de handicap.
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