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1) Summary:

This 1-week workshop from Sept. 24-28 (2007) brought together about 60 researchers from the ultracold atom, magnetism and correlated electron communities working on disordered systems in theory and experiment. The principal focus topics were tunable disorder in cold atoms, disorder effects in frustrated magnetism, and metal-insulator transitions in a correlated electron settings. 

Organizers:

I. Bloch (Mainz)

W. Hofstetter (Frankfurt/Main)

R. Moessner (Oxford)

K. Schoutens (Amsterdam)

There were about two dozen talks, with each day organised to contain one more pedagogical overview talk given by a leader of the respective field, followed by a number of shorter focussed presentations. In addition, there was a poster session organised on the second afternoon with the aim of not only enabling everyone to present their work but also to nucleate informal interactions between the participants from the different fields. 

The total number of participants was close to 60. This number was essentially dictated by the capacity of the workshop facilities – it was not able to accommodate all applicants for participation. 

Funding was mainly provided by the Lorentz Center, with co-funding being provided by the European Science Foundation, for which this is the final report.

2) Description of the scientific content of and discussion at the event
During the past decade ultracold atoms have rapidly developed into a new laboratory for quantum many-body physics. Artificial “solids” can be created in optical lattices, simulating and exploring many issues that are of key importance in condensed matter as well. During the last few years, effects of disorder are now taking center stage in cold quantum gases as well, where they can be realized with an unprecedented degree of control and flexibility. On the other hand, disorder and interactions have long been of relevance in solids, where they lead to such diverse phenomena as frustrated magnetism and glasses, which in spite of large experimental and theoretical efforts are only partially understood up to now.

The main goal of the meeting was to enable the transfer of concepts and ideas between leading researchers of the two fields. Each morning we had a 1-hour overview lecture which set the stage for a series of focused talks, supplemented by an additional poster session on one of the afternoons. Part of the afternoon was free for discussions and collaboration. 

The interest of the meeting thus derived principally from providing an interface between the different communities. The topics covered were thus too broad, and the discussions far too varied and numerous to provide a summary approaching completeness in the present context. The following paragraphs will therefore list some characteristic examples. 

One day of the meeting (the Thursday) was principally devoted to topics surrounding frustrated magnetism. The overview lecture was given by John Chalker who focussed on an open problem in frustrated magnetism which has seen substantial progress very recently. The basic puzzle lies in the observation that many frustrated magnets undergo spin freezing even in the apparent absence of quenched disorder, suggesting the possibility of disorder-free glassiness. This overview connected with several recent developments in the analytical description and numerical treatment of frustrated magnets.

The presentation by Ph. Mendels (who heads the HFM-ESF programme) took a different approach to disorder and disordered phases in magnets by presenting NMR measurements probing new and unusual phases of frustrated magnets, in particular in the presence of chemical disorder, the strength of which can in a certain range be controlled experimentally, but in a way which is quite distinct from that encountered in the study of cold atoms.

Petra Jonsson in turn focussed on connections with the field of correlated electrons by presenting a set of exciting results on the behaviour of the heavy Fermion compound Lithium Vanadate, which combines several of the central challenges in the study of frustrated magnets, namely (besides the role of disorder): the description of itinerant degrees of freedom in a spin liquid state; and the role of orbital physics.

Maciej Lewenstein also addressed a number of issues arising in the context of attempts to model/simulate frustrated magnetism in systems of cold atoms. 

A survey of other talks which contained themes of interest in the context of frustrated magnetism includes that by Veronica Ahufinger, who addressed phase diagrams and slow dynamics in cold atom systems; Gergely Zarand, who discussed the interplay of magnetism and itinerant degrees of freedom in ferromagnetic semiconductors; Ulrich Schollwoeck’s talk on the density matrix renormalisation group method. 

Victor Gurarie discussed a general framework for the treatment of bosonic low-energy excitations in disordered systems. Henk Stoof focussed on `pseudospin’ degrees of freedom which arise in imbalanced Fermi mixtures. Dieter Vollhardt in an overview lecture presented issues arising in dynamical mean-field theory, in particular addressing issues involving the spin states of different correlated phases. 

Thierry Giamarchi discussed the behaviour of low-dimensional bosonic systems of cold atoms, in particular providing many connections between the lore of low-dimensinoal condensed matter physics and recent developments in the field of cold atoms. Gil Refael in turn focused on the application of strong-disorder methods developed in the past decade or so.

Other central topics of the workshop included Anderson localisation in many guises, where progress in the cold atom context has been rapid, as evidenced by the talks of Tal Schwartz and Alain Aspect, who provided an excellent introduction to the subject.  Finally, the study of metal-insulator transitions in two-dimensional electron systems (Kravchenko+Finkelstein) was complemented by a very topical presentation by Dmitri Khveshchenko’s expose on the role of disorder in graphene.

3) Assessment of the results and impact of the event on the future direction of the field

On the experimental level, this has been possibly the first meeting where “pure” condensed matter meets cold atoms, as became clear for example during the overview lecture of S. Kravchenko on metal-insulator transitions in two dimensions. Yet another, different and exciting experimental realization of Anderson localization in photonic lattices was presented by T. Schwartz. As pointed out by A. Aspect and Th. Giamarchi, the specific type and length scale of disorder in optical lattices affects the physics in an essential way, leading to very different localization phenomena e.g. for bichromatic lattices and speckle fields. 

On the theory side, it became clear soon that while in one spatial dimension powerful numerical and analytic techniques have by now led to a consistent theoretical picture, we are just at the beginning of a more quantitative understanding of disordered interacting systems in higher dimensions, where even longstanding issues like the nature and extent of the Bose-glass phase as well as the possibility of disorder-free glassiness remain largely open. It is here that we expect the most spectacular progress due to experiments in cold quantum gases during the coming years.

The main impact of this workshop in the medium term is thus most likely going to be that the different communities have become much more aware of the common themes that unite them, with similar issues arising in fields as disparate as cold atoms (where disorder can be tuned easily), frustrated magnets (where the richness of materials physics can be leveraged) or correlated electrons and metal-insulator transitions (where a rich variety of theoretical and experimental tools have long been established but are continuing to develop briskly.)

Finally, we would like to mention that we have received some rather positive feedback from the participants. One (not entirely junior) participant even remarked that “actually [this] was the best conference I've been to so far”.

Final Programme

Disorder in Condensed Matter and Cold Atoms

from 24 Sep 2007 through 28 Sep 2007

Monday, September 24

09:00 – 09:50         Arrival, registration, coffee

09:50 – 10:00         Introduction

 10:00 – 11:10         Sergey Kravchenko: Interplay of disorder and interactions in two dimensions

11:10 – 11:50         Tal Schwartz: Transport, Localization and Nonlinearity in Disordered Photonic Lattices

12:00                       Lunch

14:00 – 14:40         Verònica Ahufinger: Disordered Bose-fermi mixtures: from fermi glasses to spin glasses ad quantum percolation

14:40 – 15:20         Gergely Zarand: Trionic phase of ultracold fermions in an optical lattice: a variational study

15:20 – 15.50         Coffee

15:50 – 16:30         Gil Refael: Superfluid-insulator transition in strongly disordered Boson chains: new results from real-space RG

17:00 – 19:00         Wine & Cheese party

Tuesday, September 25

 09:00 – 10:10         Klaus Sengstock: Physics of quantum gas mixtures in optical lattices

10:10                       Coffee

10:50 – 11:30         Ulrich Schollwoeck: Density matrix renormalization for impurity and disordered systems

11:30 – 12:10         Massimo Inguscio: Bose Einstein condensates in disordered optical potentials

12:10                       Lunch

14:00 – 14:40         Victor Gurarie: Excitations in Random Elastic Media

14:40 – 15:20         Henk Stoof: Imbalanced Fermi Gases: The Rice Story

16:00                       Poster session

Wednesday, September 26

09:00 – 10:10         Dieter Vollhardt: Metal-insulator transitions of correlated lattice fermions with disorder

10:10                       Coffee

10:50 – 11:30         Alexander Finkelstein: Anderson transition in the presence of electron-electron interactions

11:30 – 12:10         Thierry Giamarchi: Disordered and quasi-periodic bosonic systems

12:10                       Lunch

14:00 – 14:40         Alain Aspect: Localisation for a BEC in a speckle potential

14:40 – 15:20         Vadim Oganesyan: Transport in strongly disordered classical spin chains

18:00                       Conference dinner

Thursday, September 27

09:00 – 10:10         John Chalker: Geometric frustration and disorder

10:10                       Coffee

10:50 – 11:30         Philippe Mendels: Probing locally disorder in geometrically frustrated antiferromagnets

11:30 – 12:10         Maciej Lewenstein: Large effects by small disorder: from Anderson localization to random field induced order

12:10                       Lunch

14:00 – 14:40         Petra Jönsson: Optical properties of the Heavy Fermion Metal LiV204

14:40 – 15:20         Dmitri Khveshchenko: Dirac fermions in long-range correlated disorder

Friday, September 28

09:00 – 09:40         Brian DeMarco: Experiments on Fine-Grained Disorder in the 3D Bose-Hubbard Model

09:40 – 10:20         Cord Müller: Localization of cold atoms in 2D correlated disorder: the diagrammatic picture

10:20 – 10:50         Coffee

10:50 – 11:30         Peter Denteneer: Phenomenology of the two-dimensional disordered fermionic Hubbard model

11:30 – 12:10         Jean-Sebastien Caux: Dynamical correlation functions in 1D Bose gases

12:10                       Lunch
