
The Stohasti Shrödinger Equations in seleted physis problemsP. Dossantos-Uzarralde∗ and N. Pillet†CEA DAM/DIFXavier Antoine‡ and Renaud Marty§Institut Elie Cartan NanyDenis Laroix¶GanilWorkshop of the Espae de Struture Nuléaire ThéoriqueDeember 6th, 7th 2011CEA/SPhN, Orme des Merisiers, build. 703, room 125, F-91191 Gif-sur-Yvette CedexI. PROBLEMATICStohasti methods have reeived muh attention during the last deade in various �elds of investigation. Theygrew rapidly in popularity with a large number of "industry standard" approahes for solving hallenging globallinear and non linear problems arising in physis. Their mathematial and numerial analysis is one of the mostattrative researh area in pure and applied probability, advaned stohasti engineering and omputational physisand hemistry.The "stohasti Shrödinger equations" are a part of the family of the stohasti partial di�erential equations whihappear in numerous physis problems. Stohasti methods also stand the rossroad between di�erent physis domains.Physial problems that were appearing as non-solvable an now being solved with stohasti methods and morespei�ally stohasti Shrödinger methods. In reent deades numerous examples have shown up in nulear physis,ondensed matter, ultraold atoms or quantum dots, to name few of them. One of the most suessful theoretialresult lies in the �eld of measure in quantum mehanis. An important and well established area of quantum optisis related to the theory of Markovian stohasti Shrödinger equations also known as quantum trajetory theory.Mathematially, this theory gave rise to stohasti Shrödinger equations, that is, pertubations of Shrödinger-typeequations under the form of stohasti di�erential equations. Reently stohasti Shrödinger equations have also beendeveloped for non-Markovian systems providing solutions for linear and non linear ones. These equations have provedto be a useful tool in the study of open quantum systems, i.e., quantum systems interating with the surroundingenvironment.However, while some aurate numerial methods exist for partiular lasses of stohasti Shrödinger equations,they are generally not extended to other domains. Physial and mathematial proofs, in order to justify the useof suh equations, are far from being intuitive and evident. On the one hand, one an use non rigorous argumentbased on heuristi rules. On the other hand, in order to rigorously derive these models, one must use heavy and veryabstrat mathematial tools. In other words, physiist often enounter very spei� di�ulties assoiated to the useof non-linear stohasti Shrödinger equation.In the speial �eld of nulear physis, a ommon feature is the stohasti nature of physial problems. Manysituations are studied using phenomenologial models that introdue adjusted parameters. Generally this adjustementis ahieved to reprodue global properties of nulei. Illustrations an be found in reation models (optial model,statistial model,...) as well as in nulear struture (phenomenologial e�etive interations as the Gogny fore or
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2the Skyrme ones, ...). Stohasti methods an be introdued in order to provide with a phenomenologial theory of�utuating phenomena. Even, under ertain onditions random Hamiltonian evolutions based on a Gaussian whitenoise are investigated using stohasti proesses.This workshop will provide the opportunity to bring together and to promote interation among researhers inter-ested in the theoretial and applied aspets of stohasti algorithms in the �eld of stohasti Shrödinger equations.One of the goal of the workshop is to bring together experts in physial and mathematial aspets related to theseequations. II. GOALS OF THE WORKSHOPIn summary, the goals of the workshop are to1. formulate problems in many-body physis in terms of stohasti Shrödinger equations.2. provide a forum to disuss and share researh and development experienes in the �eld of stohasti Shrödingerequations3. disuss interations between the di�erent mathematial stohasti methods for partial di�erential equationsapplied in the �elds of quantum mehanis.4. promote and stimulate the exhanges of ideas between physiists and mathematiians.5. over applied and methodologial aspets in stohasti Shrödinger equations.6. to enourage and help young researhers (graduate students, postdos) to do researh in the subjet.III. USEFUL REFERENCES� A. Bassi Stohasti Shrödinger equations with general omplex Gaussian noises Physial Review A 67, 0621012003� N. Bouleau Proessus Stohastiques et appliations Hermann� C. P. Robert Méthodes de Monte Carlo par haines de Markov Eonomia 1996.� R. Marty, "On a splitting sheme for the nonlinear Shrödinger equation in a random medium" Commun. Math.Si. Volume 4, Number 4 (2006), 679-705� D. Laroix Stohasti simulation of dissipation and non-Markovian e�ets in open quantum systems PhysialReview E, vol. 77, Issue 4, id. 041126� X. Antoine :, "Arti�ial boundary onditions for Shrödinger equations with general potentials and nonlinearities"SAM Kolloquia 2010� L. Diosi, N. Gisin, and W. T. Strunz, Phys. Rev. A 58, 1699 (1998).� H. Breuer and F. Petruione, The Theory of Open Quantum Systems Oxford University Press, Oxford, 2002.� A. Bulga, The Unitary Fermi Gas : From Monte Carlo to Density Funtionals arXiv :1008.3933� I. Carusotto, Y. Castin, J. Dalibard, Phys. Rev. A63 (2001) 023606� J. T. Stokburger and H. Grabert, Phys. Rev. Lett. 88, 170407 (2002).� W. T. Strunz, L. Diosi, and N. Gisin, Phys. Rev. Lett. 82, 1801 (1999).� J. Piilo, S.Manisalo, K.Harkonen, and K.-A. Suominen, Phys. Rev. Lett. 100, 180402 (2008).� W. Gardiner and P. Zoller, Quantum Noise (Springer, Berlin, 2000).� C. Hagendorf, C. Texier Breaking supersymmetry in a one-dimensional random Hamiltonian Journal of physis.A, Mathematial and theoretial 2008, vol. 41, no40IV. LIST OF MAIN SPEAKERS� C. Besse (laboratoire Paul Painlevé, Université de Lille)� J. Bonnard (LPC Caen)� A. Bulga-(INT, Seattle USA)� A. Debusshe (ENS Cahan, Antenne de Bretagne)� S. Desombes (Laboratoire J. Dieudonné, Nie)� L. Di Menza (Laboratoire de Mathématiques de Reims)� L. Diosi (Researh Institute for Partile and Nulear Physis-Hungary)



3� J. Garnier (Laboratoire Pierre Louis Lions - Université Paris VII)� M. Gregoratti (Politenio di Milano)� O. Juillet (LPC Caen)� D. Laroix (Ganil)� R. Marty (Institut Elie Cartan Nany)� J. T. Stokburger-(Univ. Ulm, Germany)V. SUPPORTS AND ANNOUCEMENTThe workshop will be supported by :* ESNT (Espae de Struture Nuléaire Théorique) CEA/DSM/SPhT et SPhN - DAM Ile de Frane/SPN.* ANR Mirowave Miroloal analysis and numerial methods for wave ANR : http ://mirowave.math.nrs.fr/The announement will be done by :* ESNT (Espae de Struture Nuléaire Théorique) : http ://irfu.ea.fr.* GdR MASCOT-NUM Researh Group on Stohasti Analysis Methods for COdes and NUMerial treat-ments : http ://www.gdr-masotnum.fr.* SFdS (Frenh Soiety of Statistis's) "Reliability and Unertainties" working group : http ://www.sfds.asso.fr* SMAI Soiéte de Mathématiques Appliquées et Industrielles : http ://smai.emath.fr/VI. PROGRAMThe proposed planning steps are :1. An introdution to the Stohasti proesses.An introdutory ourse for people who have not previously studied Stohasti theory relating appropriate mathe-matial onepts to various physial systems ; domains : stohasti methods, stohasti di�erential equations...2. Shrödinger Equation Appliations.This part is dediated to introdue the Shrödinger equation and its di�erent forms. It overs numerial teh-niques assoiated to the resolution of the Shrödinger Equation and gives an overview of the appliations3. Introdution to the Stohasti Shrodinger equation.On Stohasti Partial Di�erential Equations. Topis will be seleted from : Markovian and non-MarkovianQuantum Stohasti Methods with appliation to Nulear and Quantum Physis.4. The nonlinear Stohasti Shrödinger equation.Devoted to the study of nonlinear stohasti Shrödinger equations.
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