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Abstract:

At variance with other large events commemorating the centennial of Albert Einstein “annus mirabilis”, this Workshop intended to gather a relatively smaller number of experts from different areas of natural sciences (but also from engineering, social sciences, medicine) to discuss in a more relaxed and technical format the state of the art of Brownian motion and its future cross-disciplinary developments and applications.
Particular attention was devoted to a new view that has been developing in recent years. Noise associated with microscopic Brownian motion is commonly perceived as degrading the information contained in the system response – in fact it often destroys temporal and spatial patterns. Hence, in most cases, researchers aim at minimizing noise effects as much as possible. However, recently it became clear that noise in out-of-equilibrium nonlinear systems can in fact act in the opposite way: Noise can be exploited to magnify certain properties of the nonlinear system response, thus realizing new ordered behaviours or enhancing signal transmission. Transport in ion-channels, synchronization/coherence in chemical and biological extended systems, virus propagation, forecasting protocols are just a few examples presented at the Workshop, that illustrate well the subtle beneficial synergy between noise and nonlinearity.

The Workshop has been also an ideal occasion for a internal mid-term reassessment of STOCHDYN mission and objectives. Stimulated by the invited speakers and their talks, the researcher affiliated to this ESF scientific programme discussed passionately about new policies towards the newer generations, closer ties to experimentalists and a broader cross-disciplinary attitude both in our research and funding strategies.

The outcome of our efforts has been well received by our guests, also by those who addressed our community for the first time. They all declared to be willing to reconvene in the next future to carry on the discussions and the exchanges we started/planned in Erice.

Scientific content:

The Brownian motion theory has come a long way since its humble beginnings in the nineteenth century, and there now exists a large number of applications that have evolved from it and countless others that revolve around it. This theory covers such a vast number of interesting aspects of life without our being aware of its role. The examples we have cited are a partial outline of the research that has been done to date. With the random and often unpredictable nature of events that take place in this world of ours, it is no wonder that researchers have yet to find the perfect solutions to their unending problems. Hence, Brownian motion will remain a strong research area in the coming days, and it is certainly not going to become obsolete in the scientific world, where new technologies are constantly being developed to replace the old ones.

The invited talks (and the posters) presented during five days of intense work touched upon the history, the theory and the applications of Brownian motion. The centennial of Einstein’s first two papers on Brownian motion was celebrated by Witten, Moss, Ebeling,  Hanggi, and Alder. The resulting comprehensive historical review on the topic will be published on a specialized journal due its interest for historians.

Among the most exciting contributions discussed during the meeting, we mention:

1. Brownian Motion is an example of a process that has a fractal dimension of 2. One of its occurrences is in microscopic particles and is the result of random jostling by water molecules (if water is the medium). The path of such a particle is a "random walk" in which both direction and distance are uniformly distributed random variables. So in moving from a given location in space to any other, the path taken by the particle is almost certain to fill the whole space before it reaches the exact point that is the 'destination' (hence the fractal dimension of 2). One important result of combining the theory of fractals and Brownian motion is the 'fractional Brownian motion model'. This model regards naturally occurring rough surfaces (like mountains, clouds and trees) as the end result of random walks, and utilizes a random iteration algorithm to produce fractal patterns. The applications of this model are widespread, 

2. The one natural random walker that exhibits such behaviour is the bacterium Escherichia coli, a flagellated micro-organism. This bacterium swims in a pool of liquid randomly. Its run durations are terminated by "tumbles" after which the bacterium resumes running but in a new direction chosen approximately at random. Such alternation of runs and tumbles produces a random walk and the tumbles are analogous to the collision of molecular diffusion. 

3. In another aspect of biochemistry, there is also a part where the diffusive Brownian motion model sets in. In a colloidal solution, both enzyme and substrate molecules are distributed randomly on the surface of a larger spherical colloidal particle. The overall rate of a chemical reaction is determined by the kinetics of an encounter between these two molecules. The reaction is of diffusive nature. 

4. Proteins are ubiquitous molecules in biological cells. They perform a huge variety of function. The most fascinating role of proteins is their activity as “molecular machines” which convert energy into some mechanical motion at the molecular scale. The process by which molecular motors operate appears as an extreme example of the ability of proteins to exhibit very large, concerted, conformational changes for a well defined biological purpose. Because it is extreme this case is particularly challenging to understand, but, on another hand it can also give us very useful hints on the means by which proteins operate because it magnifies some properties of the proteins. This is why understanding the physics of molecular machines is not only a tantalizing goal by itself but also a possible pathway to understand how many proteins perform their function.
5. The method of regulated Brownian motion can be used to analyse the effects of price stabilization schemes on investment when demand is uncertain. Price controls smooth investment, even when the controls are not binding. For instance, the future expected marginal revenue products under price uncertainty should exceed the marginal revenue products with certainty provided that the production function is linear homogeneous and the labour can be adjusted at no costs. Hence, the profit-maximizing firm should always invest more if the price is stochastic than it would if price were non-stochastic. However, this is no longer true if there exists price ceiling and price floor, e.g. set by the local government. The tools used to solve such situations are based on the mathematics of regulated Brownian motion. It is demonstrated that price controls mitigate the response of investment to changes in price, and the result drawn from this analysis is that the optimal investment strategy requires the firm to equate the marginal cost of investment to the expected counted present value of marginal revenue products.

6. Most aerosol processes involve the use of particles entrained in high-speed gas flows e.g., impaction separators, which exploit inertial effects to cause a separation. For very small particles, Brownian motion is important, but it cannot be handled easily in terms of diffusion (the usual term for equilibrium Brownian motion), since the system is being deliberately forced out of equilibrium. The study of transport phenomena involves this type of particle, using non-equilibrium Brownian dynamics simulation. Applications include optimisation of the design of impaction flow fields and the prediction of particle deposition on surfaces.

7. New developments in the problem of the fluctuation-dissipation relationship attracted the attention of theorists and experimentalists, alike. It is known that the notion of linear response, which in turn is related to the fluctuation properties of the corresponding variables, can as well be extended to arbitrary (dynamical and non-dynamical) systems that operate far from equilibrium. These classic fluctuation theorems, which describe the linear response to external perturbations in arbitrary statistical systems far away from thermal equilibrium, should not be confused with the recent beautiful non-equilibrium work relations, often also termed fluctuation theorems. This latter branch of fluctuation research hit a breakthrough recently with Jarzynski, who proposed an interesting equality, being valid for both closed and open classical statistical systems: It relates - a priori surprisingly - the difference of two equilibrium free energies to the expectation of a particularly designed, stylised non-equilibrium work functional. 

Perspectives:

From the lectures presented at this meeting it is obvious that Brownian motion is not just a physical theory that is solely applied to the world of science and technology. Instead, it covers quite a number of interesting aspects of life without our being aware of its role.  We mention here a few applications that have been only hinted at by the speakers, but might become the focus of future grant proposals to national and European funding agencies (including the ESF):

1. Fractal analysis in medical Imaging
One of the more successful engineering applications of the fractal geometry has been the utilization of fractal image models in medical image processing. These applications include tissue characterization studies and textural image segmentation. Following Mandelbrot's fractal theory, fractal dimension could be obtained in medical images by the concept of Brownian motion. Medical images, like other natural phenomena, have a degree of randomness associated with both the natural random nature of the underlying structure and the random noise superimposed on the image. The fractional Brownian motion model regards natural occurring surfaces as the result of random walks. Thus, medical images can be treated fractionally in terms of the Brownian motion model. 

2. Applications in biochemistry

The collision rate of random walkers depends continuously on position and direction of motion. Not only is the number of distinct directions of motion infinite, but also their orientations are varied after each collision. The measure of variation is based on the rotational Brownian motion. The Brownian particles have reactive regions on part of their surfaces. Enzyme molecule moves around the surface of the sphere reacting vigorously with the substrate molecules, which happen to lie on its Brownian walks. The diffusion of a small particle in the presence of another particle or macroscopic surface, with the result of that Brownian movement takes place. This simulation gives information, for instance, about the effective size of the active site and the range of available diffusional space around the Brownian particle. One such Brownian particle is the protein molecule. 

3. Time series of natural disasters (like extreme floods)

A wide variety of statistical techniques have been applied to the evaluations of the environmental hazards, like river floods. In order to estimate the severity of future floods, historical records are used to provide flood-frequency estimates. But there are two major problems encountered when making the quantitative estimates, i.e. the relatively short time span over which historical data are available and no general basis has been accepted for its extrapolation. An independent approach is thus required to estimate the uncertain occurrences of floods. The flow in a river is usually assumed to be a function of time, thus it can be treated as a time series (Fourier expansion). The characteristics of the series can be studied by just determining its coefficients. However, if the volumetric flow in a river is a function of time and complies with certain mathematical conditions, then it also can be related to the Brownian motion model.

The theory of Brownian motion seems today a very much alive subject, whose tools and methods are being disseminated outside the traditional areas of non-equilibrium statistical physics and signal analysis. 

Furthermore, the researchers most involved with STOCHDYN discussed passionately, both formally (during the Steering Committee meeting) and informally (during social gatherings), about new policies towards the young generations, closer ties to experimentalists and a broader cross-disciplinary attitude both in our research and funding strategies. In particular:

1. General consensus was reached on the need for more effective policies aimed at attracting more graduate students and post-docs; the STOCHDYN Steering Committee was solicited to give more consideration to exchange and visit proposals from younger researchers in the field;

2. Members of the Steering Committee agreed on advertising again and repeatedly the mission and the initiatives of STOCHDYN and the ESF overall within the funding agencies and in the member countries in order to stimulate more applications. Although this is likely to produce a flurry of applications (and more work for the Steering Committee), we believe that the quality of the proposal and the outreach action of the Programme will benefit from a more pro-active approach;

3. Also in view of the interest that the topics covered by STOCHDYN raise among experimentalists in biological physics and nanotechnology, it is widespread understanding that closer ties to many experimental groups active throughout Europe would be of paramount importance in carrying out the objectives of STOCHDYN. A firmer action in this direction will be pursued in the second half of the Programme.
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ORAL PRESENTATIONS

· Tom Witten (University of Chicago, USA) 
The aim of aimless wandering:  Randomness and function


· Bernie Alder (LLNL, Livenmore, USA) 
Brownian motion in computational physics
· Dean Astumian (University of Maine, Orono, USA) 
Controlling motion at the nanoscale: How to swim in molasses and walk in a hurricane
· Sergey Bezrukov (NHI, Bethesda, USA)
Particle-pore interactions in molecular sieving: Theory and examples from bacterial life
· J. Philippe Bouchaud (CEA, Saclay, France) 
The subtle nature of financial random walks
· Adi Bulsara (SPAWAR, San Diego, USA) 
Coupled overdamped bistable systems with a noise-floor: Induced oscillations and their utility in signal detection applications
· Clemens Bechinger (University of Stuttgart, Germany) 
Colloidal suspensions as Brownian computers
· Dante Chialvo (Northwestern University, Chicago, USA)
Critical brain networks
· William T. Coffey (Trinity College Dublin, Ireland)
Nonlinear orientational response of permanent dipoles in a mean field potential to alternating fields
· Sergio Ciliberto (ENS, Lyon, France)
Experimental results on the fluctuations in out of equilibrium systems
· Jean-Louis Déjardin (Perpignan, France)
Anomalous diffusion in strong ac electric or magnetic fields
· Masao Doi (Tokyo University, Japan)
Brownian motion of complex shaped particle: Can we separate chiral particles in shear flow?
· Alexander Dubkov (University of Novgorod, Russia) 
Acceleration of diffusion in fluctuating periodic potentials with supersymmetry
· Werner Ebeling (Humboldt University, Berlin, Germany) 
From passive to Active Brownian Motion - 100 years of development
· Ulrike Feudel (University of Oldenburg, Germany)
On the role of unstable invariant sets in noisy multistable systems
· Hans Frauenfelder (LANL, USA)
Proteins: Brownian motion in conformation space
· Ewa Gudowska-Nowak (Jagellonian University, Poland) 
Dynamic systems driven by non-Gaussian stable noises: The paradigm of noise-induced effects
· Joseph Klafter (University of Tel-Aviv, Israel)
A glance into single molecules
· Ying-Cheng Lai (Arizona State University, USA)
Beneficial ole of noise in promoting species diversity through stochastic resonance
· Katja Lindenberg (University of California, San Diego, USA) 
Transport, diffusion, and sorting on periodic surfaces
· Benjamin Lindner (University of Ottawa, Canada)
Signal transmission and processing by stochastic neurons
· André Longtin (University of Ottawa, Canada) 
Stochastic delay equations and application in neuroscience
· Frank Moss (University of Missouri, St. Louis)
It all started with Robert Brown: Inanimate and animate motion in water
· Theo Nieuwenhuizen (University of Amsterdam, Holland)
Brownian motion and quantum mechanics: two sides of the same coin?
· Michel Peyrard (ENS,  Lyon, France)
How does a protein fluctuate? Results from mesoscale 
· Thorsten Poeschel (Humboldt University, Berlin, Germany) 
Instabilities in driven granular gases
· Peter Reimann (University of Bielefeld, Germany) 
Paradoxical Brownian motion in a microfluidic device: Absolute negative mobility
· Stefania Residori (INLN, Nice, France)
The effect of noise on optical localized structures
· José M.  Sancho (University of Barcelona, Spain)
Modeling processive molecular motors
· Len Sander (University of Michigan, Ann Arbor, USA) 
Drunkard's walks, epidemics, and extinction
· Maxi San Miguel (University of Baleares, Spain)
Stochasticity and ordering dynamics in complex networks
· Michael Shlesinger (ONR Office, USA) 
Anomalous free volume diffusion near the glass transition: Stretched times and divergen time scales
· Michael Schindler (University of Augsburg, Germany)
Accumulation of particles in asymmetric microfluidic channels
· Wokyung Sung (Pohang University, S. Korea)
How nature modulates fluctuations for membrane fusion
· Henk van Beijeren (University of Utrecht, Holland)
 Can Brownian particles dominate a Lyapunov spectrum?
· Angelo Vulpiani (University of Rome 1, Italy) 
What properties make a chaotic system a good pseudo-random number generator
POSTERS

A. Bednorz
Electromagnetic-like waves in polymers
U. Bortolozzo 
Random motion of optical localized structures
F. J. Cao 
Feedback control in collective flashing ratchets
A. Fiasconaro, L. Schimansky-Geier, B. Spagnolo
Probability density of escape times from a metastable state 
A. Hutt, L.Schimansky-Geier
Stochastic bifurcation in nonlocal neural populations
A. Igarashi  
Coupled two-dimensional Brownian motors
A. Morita
An asymptotic expression of the rotational diffusion equation for the transient processes at high field and long-time behavior
F. Petrelis
Ingredient for on-off intermittency
 J. Paul, C. Masoller, Y. Hong, P. Spencer, K. A. Shore
Experimental investigation of delayed bifurcations in the stochastic polarization switching of VCSEL

C.Pombo

Light propagation in stochastic environments and stochastic electrodynamics
K. Staliunas, C. Masoller
Herd behavior in financial markets: an application of Bose-Einstein statistics
 P. Szymczak
Boundary conditions for Brownian dynamics simulations of a particle in the flow near a wall
T. Tashiro 
Diffusion processes and the existence of temporary traps of particles induced by the potential curvature
D. Valenti, L. Schimansky-Geier, X. Sailer, B. Spagnolo
Dynamics pf a spatially extended system by moments-equations
Y. Zolotaryuk
Ratchet effect for solitary waves due to bi-harmonic AC drive
 
