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Microswimmers – From Single Particle Motion to Collective Behaviour” (SPP 1726).
Programme 
Arrival - Monday, September 2nd
Day One - Tuesday, September 3th

Session Chair: Miguel Rubi
8:45am – 9:00am: Welcome, Fabio Marchesoni, Hartmut Löwen
9:00am – 9:50am:  Gerhard Gompper, “Large active polymers and membranes”        
9:50am – 10:40am: Muhammad Sahimi, “ Reconstruction of heterogeneous media by a cross-correlation cunction and graph theory”
10:40am – 11:10am: Coffee Break
Session Chair: Sudhir Jain
11:10am – 12:00am: Clemens Bechinger, “Group formation and cohesion of active particles with visual perception-dependent motility
12:00am – 12:20am: Antoine Berut, “Creep behavior in piles of dense colloids confined by gravity”

12:20am – 12:40am: Alice Thorneywork, “First-passage time distributions reveal underlying free energy landscapes”

12:40am – 2:30pm: Lunch
Session Chair: Rui Jiang
2:30pm – 3:20pm: Pietro Tierno, “Clogging and jamming of colloidal monolayers driven across a disordered landscape”
3:20pm – 4:10pm: Anatoly Kolomeisky, “Collective Dynamics of Interacting Molecular Motors”
4:10pm – 4:40pm: Coffee Break
Session Chair: Peter Hänggi
4:40pm – 5:00pm: Fanlong Meng, “Dynamics of driven magnetic colloid in presence of a wall”
5:00pm – 5:20pm: Mihail Popescu, “Enzyme micropumps: motion of tracer particles reveals multifaceted aspects of the chemical activity of the enzyme path”
5:20pm – 5:40pm:  Adrian Baule, “Loopy Lévy flights enhance tracer diffusion in active suspensions”
5:40pm – 6:00am: Mehmet Ucar, “Collective force generation by molecular motors inferred from single-molecule properties"
6:00pm – 6:20am: Mahmoud Sebtosheikh, “Effective Interactions Between Permeable Colloidal Disks in an Active Bath”
_________________________________________________________________
Day Two - Wednesday, September 4th

Session Chair: Gerhard Gompper
9:00am – 9:50am:   Peter Hänggi, “Anomalous heat diffusion”        
9:50am – 10:40am:, Miguel Rubi “ Entropy production and rectification efficiency in colloid transport along a pulsating channel”
10:40am – 11:10am: Coffee Break
Session Chair: Muhammad Sahimi
11:10am – 12:00am: Stefan Egelhaaf, “Diffusion of colloidal particles in stationary and moving inhomogeneous environment”
12:00am – 12:20am: Artem Ryabov, “Non-equilibrium phases and tagged-particle kinetics in driven diffusion of hard sphere”
12:20am – 12:40am: Yunyun Li, “Non-Gaussian Normal Diffusion in a Fluctuating Corrugated Channel”

12:40am – 2:30pm: Lunch
Session Chair: Peter Wagner
2:30pm – 3:20pm: Roel Dullens, “One-dimensional Aubry-type transition in finite colloidal chains”
3:20pm – 4:10pm: M. Reza Ejtehadi, “Cell response to substrate topography”
4:10pm – 4:40pm: Coffee Break
Session Chair: Anatoly Kolomeisky
4:40pm – 5:00pm: Jakub Spiechowicz, “Tunable mass separation via negative mobility”
5:00pm – 5:20pm: David  Cubero, “Sub-Fourier sensitivity in ac driven quantum systems”

5:20pm – 5:40pm: Suvenda Mandal, “Persistent anti-correlations in Brownian dynamics simulations of dense colloidal suspensions”

5:40pm – 6:00pm: Shiteng Zheng, “ The growth pattern of traffic oscillations: A comparison study between China and USA”

6:00pm – 7:30pm: poster session
7:30pm – 9:30pm: conference dinner
Day Three - Thursday, September 5th

Session Chair: Roel Dullens
9:00am – 09:50am: Peter Wagner, “V2X-based signal control – recent results from a field experiment”
09:50am – 10:40am: Rui Jiang, “Experimental study and modeling of bicycle flow”
10:40am – 11:00am: Jonas Rzezonka, “Pedestrian dynamics at bottlenecks”

11:00am – 11:30am: Coffee Break
Session Chair: Clemens Bechinger
11:30am – 12:20pm: Ramin Golestanian (presented by Jaime Agudo), “Active phase separation in mixtures of chemically-interacting particles”

12:20pm – 12:40pm: Christian Rohwer, “Non-equilibrium correlations and forces in sheared fluids with or without quenching”
12:40pm – 13:00pm: Zeno Filiberti, “A statistical approach to thermo-osmosis”
13:00am – 2:00pm: Lunch
2:00pm – 10:00pm: Excursion
_____________________________
Departure - Friday, September 6th
ABSTRACTS
Invited talks:
Clemens Bechinger, University of Konstanz, Germany
Group formation and cohesion of active particles with visual perception-dependent motility

Abstract:
Group formation is frequently observed in living systems. It typically results from a delicate balance of repulsive, aligning, and attractive mutual interactions. Here, we show that a motility change of individuals in response to their visual perception of the group is sufficient to induce formation and cohesion of stable groups. Experimentally, this is demonstrated using active particles whose motility is controlled by an external feedback-loop. We demonstrate that when individuals have a relatively narrow field of view, they gather into strongly cohesive groups while remaining highly motile. For larger field of views, cohesion can only be achieved by lowering the response threshold. Our results are supported by simulations with point-like particles, which confirms that active re orientations are not necessary to ensure cohesion, as often assumed. We expect this group formation mechanism to be relevant not only for the self-organization of living systems, but also for the design of autonomous self-propelling systems.
Roel Dullens, University of  Oxford, England
One-dimensional Aubry-type transition in finite colloidal chains

Abstract:
A useful model in the field of nanotribology is the Frenkel-Kontorova model [1], in which a chain of particles having a spring-like interaction is subject to a spatially periodic potential. This system can either be commensurate or incommensurate depending on the ratio of the wavelength of the landscape and the particle spacing. An interesting transition occurs for an infinitely long chain where the ratio of the wavelength and the particle spacing is irrational as the chain can freely slide below a critical landscape depth [1]. This is caused by the presence of an infinite number of degenerate ground states, separated by infinitesimally small displacements and is called the Aubry transition [2]. While it is experimentally impossible to create an infinite chain, an Aubry-type transition has been studied for finite chains [3] and is seen to exist in cold ion traps [4–6]. Experimental and numerical studies of colloidal monolayers have also been used to successfully observe a drop to zero static friction [7–9]. The one-dimensional analogue cannot have a mismatch angle between the driving direction and the symmetry of the landscape and, instead, the static friction is only governed by the wavelength of the landscape, the particle spacing and the coupling strength between the particles and the landscape [10]. 
Here, chains of interacting magnetic colloidal particles of various lengths are studied as they are driven through a static sinusoidal optical potential energy landscape. The mismatch between the wavelength of the landscape and the particle spacing in the chain gives rise to an Aubry-type transition. In this regime a chain exhibits zero static friction despite being subject to a potential energy landscape. Remarkably, this zero friction is observed for a finite chain at regular and well-defined chain lengths depending on the commensurability between the wavelength and the particle spacing. Finally, we study the effect of the chain stiffness by changing the external magnetic field, and find that flexible chains exhibit breathing modes.
Stefan Egelhaaf , University of  Düsseldorf, Germany
Diffusion of colloidal particles in stationary and moving inhomogeneous environments

Abstract:
A colloidal particle dispersed in a liquid undergoes random motion. This motion is significantly changed if, e.g., the particle concentration is increased, obstacles are added or an external potential is imposed. We experimentally create external potentials using extended laser light fields, ranging from periodic patterns (laser fringes) to random patterns (speckle patterns) that might or might not depend on time. The dynamics of colloidal particles in these potential energy landscapes or in the presence of other particles are followed by video microscopy and quantitatively analysed. Diffusive as well as sub- and super-diffusive behaviour can be observed with the extent of the different regimes depending on the specific situation, such as the shape and modulation amplitude of the external potential but also the particle concentration and the composition of particle mixtures.

M. Reza Ejtehadi, Sharif University of  Technology, Tehran, Iran
Cell response to substrate topography
Abstract:
Cells sense and respond to changes in topographical, chemical, and mechanical characteristics of their substrate. Engineered substrates are increasingly being developed that exploit these physical attributes to direct cell responses and therefore control cell behavior toward desired applications. However, there are very few methods available for robust and accurate modeling that can predict cell behavior prior to experimental evaluations, and this typically means that many cell test iterations are needed to identify best material features. Here, we developed a computational framework to predict cell behavior prior to experimental evaluations. The model which we call it “virtual cell model” has the capability to predict changes in whole cell and cell nucleus characteristics on a range of cell substrates.

Ramin Golestanian (presented by Jaime Agudo-Cancalejo), Max Planck Institute for Dynamics and Self-Organisation Göttingen, Germany
Active phase separation in mixtures of chemically-interacting particles

Abstract:
Chemical interactions are paradigmatic of both living and synthetic active matter. Biological cells, bacteria, and other microorganisms are known to communicate with each other through production or consumption of signalling molecules that induce chemotaxis. The same behaviour is found for biological enzymes at the nanoscale, and can be mimicked in model systems consisting of catalytic colloids. Importantly, such chemical interactions require activity far from thermodynamic equilibrium, which in turn may manifest itself as a broken action-reaction symmetry in the interactions. Through particle-based simulations as well as a continuum theory, we show that mixtures of chemically-interacting particles undergo a great variety of phase separation phenomena that would be impossible in an equilibrium system. The continuum theory allows us to obtain simple conditions which determine whether or not phase separation will take place, and to characterise the phase-separated states. Our results can be directly related to self-organization in bacterial colonies and cellular tissues; to metabolon formation by enzymes and thus to the understanding and design of biological and synthetic catalytic pathways; and to the engineering of new active materials using catalytic colloids. Besides these direct applications, our results are also a step forward in the fundamental study of phase separation far from thermodynamic equilibrium.

Gerhard Gompper, Forschungszentrum Jülich, Germany

Large Active Polymers and Membranes

Abstract:
Active matter exhibits a wealth of emerging non-equilibrium behaviors [1]. A paradigmatic example is the interior of cells, where active components, such as the cytoskeleton, are responsible for its structural organization and the dynamics of the various components. Of particular interest are the properties of polymers and filaments [2]. The intimate coupling of thermal and active noise, hydrodynamic interactions, and polymer conformations implies the emergence of novel structural and dynamical features. Recent theoretical and simulation developments and results for the structural and dynamical properties of polymers and filaments exposed to activity will be reviewed. Different propulsion mechanisms are considered, such as chains of active Brownian particles [3], or filaments propelled along their contours [4,5,6]. This leads to interesting single-particle behavior, such as a softening of a semiflexible filament of active Brownian particles at intermediate levels of activity [3], or a sperm-like beating motion of a filament pushing a load. At high polymer densities in 2D, collective dynamics characterized by active turbulence is observed [5]. Closed polymer rings (in 2D) can be considered as a model of cell membranes. Here, active components lead to enhanced fluctuations [7] and cell motility [8].

References:
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[2] R.G. Winkler, J. Elgeti, and G. Gompper, J. Phys. Soc. Japan 86, 101014 (2017). 
[3] T. Eisenstecken, G. Gompper, and R.G. Winkler, J. Chem. Phys. 146, 154903 (2017). 
[4] R.E. Isele-Holder, J. Elgeti, and G. Gompper, Soft Matter 11, 7181 (2015). 
[5] Ö. Duman, R.E. Isele-Holder, J. Elgeti, and G. Gompper, Soft Matter 14, 4483 (2018). 
[6] A. Ravichandran, Ö. Duman, M. Hoore, G. Saggiarato, G.A. Vliegenthart, T. Auth, and G. Gompper, eLife 8, e39694 (2019). 
[7] S.M. Mousavi, G. Gompper, and R.G. Winkler, J. Chem. Phys. 150, 064913 (2019).
[8] C. Abaurrea Velasco, S.D. Ghahnaviyeh, H.N. Pishkenari, T. Auth, and G. Gompper, Soft Matter 13, 5865 (2017).

Peter Hänggi, University of  Augsburg, Germany

Anomalous Heat Diffusion
Abstract:
In low dimensional systems the transport of heat in form of diffusive spread or heat flux be-tween reservoirs of differing ambient temperatures typically may exhibit anomalous features such as the violation of the Fourier Law with length-dependent heat conductivities or the dif-fusive spread of heat that occurs faster than normal. Here we will discuss results and open issues (!)
how the dynamics of energy spread occurring in one-dimensional nonlinear lattices relates to anomalous diffusion behavior and heat con-ductivities. Moreover we explain how the carriers of heat, typically referred to as phonons, may be given meaning in a regime with nonlinear interaction forces beyond the ballistic be-havior originating from solely harmonic (linear) interaction forces. The underlying physical mechanism of scattering then renders corresponding mean free paths of such effective pho-nons finite. Some pertinent own references are given below.

[1] A.V. Zarbudaev, S. Denisov and P. Haenggi, , Phys. Rev. Lett. 106: 180061(2011); (2012).
[2] S. Liu, P. Haenggi, N. Li, J. Ren, and B. Li, , Phys. Rev. Lett. 112: 040601,(2014)
[3] S. Liu, J. Liu, P. Haenggi, C. Wu, and B. Li, Phys. Reb. B (RC) 90, 174304 (2015)
[4] Y. Li, S. Liu, N. Li, P. H?nggi, and B. Li, 1D, New J. Phys. 17, 043064 (2015)

Rui Jiang, University of BJTU, China

Experimental study and modeling of bicycle flow

Abstract:
Cycling is a green transportation mode, and is promoted by many governments to mitigate traffic congestion. However, studies concerning the traffic dynamics of bicycle flow are very limited. This study experimentally investigated bicycle flow dynamics on a wide road, modeled using a 3-m-wide track. The results showed that the bicycle flow rate remained nearly constant across a wide range of densities, in marked contrast to single-file bicycle flow, which exhibits a unimodal fundamental diagram. By studying the weight density of the radial locations of cyclists, we argue that this behavior arises from the formation of more lanes with the increase of global density. The extra lanes prevent the longitudinal density from increasing as quickly as in single-file bicycle flow. When the density is larger than 0.5 bicycles/m2, the flow rate begins to decrease, and stop-and-go traffic emerges. A cognitive-science-based model to reproduce bicycle dynamics is proposed, in which cyclists apply simple cognitive procedures to adapt their target directions and desired riding speeds. To incorporate differences in acceleration, deceleration, and turning, different relaxation times are used. The model can reproduce the experimental results acceptably well and may also provide guidance on infrastructure design. website address http://faculty.bjtu.edu.cn/trans/8917.html. 
Anatoly Kolomeisky, University of  Rice, USA

Collective Dynamics of Interacting Molecular Motors

Abstract:
Motor proteins, also known as biological molecular motors, are enzymatic molecules that convert chemical energy, typically obtained from ATP, into mechanical work and motion. They play important roles in biological systems by supporting cellular transport, cellular organization, transfer of genetic information and many other biologically relevant processes. Experimental studies suggest that most biological molecular motors function collectively, and there are inter-molecular interactions that influence their dynamic behavior. To understand the mechanisms of collective behavior of motor proteins we investigate the effect of interactions in the transport of molecular motors which move along linear filaments. Our analysis utilizes a recently introduced class of totally asymmetric exclusion processes that takes into account the intermolecular interactions via thermodynamically consistent approach. We develop a new theoretical method that allows us to compute analytically all dynamics properties of the system. It is found that there is an optimal strength of interactions (at weak repulsion) that leads to a maximal particle flux. It is also argued that correlations play important role in dynamics of interacting molecular motors. In addition, the symmetry of interactions influences the dynamic properties of molecular motors. Extensions of the theoretical method to transport of particles of arbitrary sizes and in inhomogeneous systems are also presented. The biological implications of our findings are also discussed.
Miguel Rubi, University of  Barcelona, Spain

Entropy production and rectification efficiency in colloid transport along a pulsating channel

Abstract:
We study the current rectification of particles moving in a pulsating channel under the influence of an applied force. We have shown the existence of different rectification scenarios in which entropic and energetic effects compete. The effect can be quantified by means of a rectification coefficient that is analyzed in terms of the force, the frequency and the diffusion coefficient. The energetic cost of the motion of the particles expressed in terms of the entropy production depends on the importance of the entropic contribution to the total force. Rectification is more important at low values of the applied force when entropic effects become dominant. In this regime, the entropy production is not invariant under reversal of the applied force. The phenomenon observed could be used to optimize transport in microfluidic devices or in biological channels.

Muhammad Sahimi, University of  Southern California (USC), USA

Reconstruction of Heterogeneous Media by a Cross-Correlation Function and Graph Theory
Abstract:
Modeling of porous materials in which the pores have irregular shapes and surface, and computing their effective transport properties, such as diffusivity, conductivity and elastic moduli are long-standing problems that have been studied for decades. The first step toward addressing the problems is developing an accurate model for the materials. One way of doing so is based on reconstruction: Given limited amount of data for an inhomogeneous material, one attempts to develop a model that not only honors the data, but also provides accurate predictions for its various properties. We describe a new multiscale reconstruction method based on a cross-correlation function and graph-theoretical concepts that is capable of generating a large number of realizations for the morphology of a given porous material. The accuracy of the method is demonstrated by applying it to reconstruction of several complex 2D and 3D examples of heterogeneous materials and computing their various morphological and transport properties. The computational cost of the method is very low and, therefore, it can generate large-size models for complex materials and upscaling them to sizes much larger than laboratory scales.

Pietro Tierno, University of  Barcelona, Spain

Clogging and jamming of colloidal monolayers driven across a disordered landscape

Abstract:
In this talk I will illustrate recent experimental results focused on investigating the clogging and jamming of interacting paramagnetic colloids driven through a quenched disordered landscape of fixed obstacles. Our system is inspired by recent theoretical results [1,2], and the magnetic particles are transported at a tunable speed via a travelling wave ratchet obtained with mobile magnetic domain walls [3]. When the particles are forced to cross a single aperture between two obstacles, we find an intermittent dynamics characterized by an exponential distribution of burst size. At the collective level, we observe that quenched disorder decreases the particle flow, but it also greatly enhances the 'faster is slower' effect, that occurs when increasing the particle speed [4]. Further, we show that clogging events may be controlled by tuning the pair interactions between the particles during transport, such that the colloidal flow decreases for repulsive interactions, but increases for anisotropic attraction [5]. We provide an experimental test-bed to investigate the crucial role of disorder on clogging and jamming in driven microscale matter.
Peter Wagner, DLR Berlin, Germany
V2X-based signal control – recent results from a field experiment

Abstract:
Traffic signal control in transportation systems is traditionally done by designing optimized fixed cycle programs. This is a challenging mathematical topic, however, simulation results show, that real-life influences have a strong potential towards destroying the foundations of this approach. Therefore, another approach which is sometimes called self-organized traffic signal control is currently tested in some places not only in simulation, but also in real field experiments where all the additional complexities of real-life come into play. The idea is to use a smart local control that is capable of taking into account the inhomogeneities present in the current traffic stream and to exploit them to a large degree to optimize not only locally, but as a side effect, to lead to some kind of global optimum. However, going into the real field is very much different from the often very abstract theoretical work with highly abstracted networks and vehicles. Unfortunately, the practical approach is currently severely limited to small implementations in the field consisting of just a few intersections; there is still a long way to go for large-scale real-life applications. This presentation will report on such a small-scale implementation in the German city of Halle. It will compare, depending on the progress of the project that is currently worked out, the differences between the simulation results and the results in the field. It will finally put this into the context of the theoretical work and it will give hints how to improve the theoretical work so that it becomes more useful for practical applications.
Contributed talks 
1- Adrian Baule, Queen Mary University of London, England
2- Antoine Berut, Université Claude Bernard Lyon 1, France
3- David Cubero, Universidad de Sevilla, Spain
4- Zeno Filiberti, Università degli Studi dellInsubria, Italy
5- Yunyun  Li, Tongji University Shanghai, China
6- Suvendu Mandal, Heinrich-Heine-Universität Düsseldorf, Germany
7- Fanlong Meng, Max Planck Institute for Dynamics and Self-Organization Göttingen, Germany

8- Mihail Popescu, Max Planck Institute for Intelligent Systems Stuttgart, Germany

9- Christian Rohwer, Max Planck Institute for Intelligent Systems Stuttgart, Germany
10- Artem Ryabov, Charles Universoti Prague, Czechia
11- Jonas Rzezonka, Forschungszentrum Jülich, Germany
12- Mahmoud Sebtosheikh, Institute for Research in Fundamental Sciences (IPM) Tehran, Iran
13- Jakub Spiechowicz, University of Silesia, Poland

14- Alice Thorneywork, University of Cambridge, England
15- Mehmet Ucar,  Institute of Science and Technology (IST), Austria
16- Shiteng Zheng, Beijing Jiaotong University, China

Posters
1-Leila Abbaspour, Georg-August-University Göttingen, Germany
2- Jaime Agudo-Cancalejo, Max  Planck Institute for Dynamics and Self-Organization, Germany
3. Miranda Bell-Davies, University of Oxford, England

4-Yahia Chergui, Boumerdes University, Algeria
5-Ebrahim Foulaadvand, University of Zanjan, Iran

6-David Gomez, Tel Aviv University, Israel

7-Sudhir Jain, Aston University, England
8-Fahimeh Karimipour, Khaurazmi University, Iran

9-Amir Khosravanizadeh, Max Planck Institute for Dynamics and Self-Organization, Germany

10-Soon Hoe Lim, Nordita institute, Sweden
11- Maciej Majka, Jagiellonian University, Poland

12-Sahar Mrami, Bu Ali Sina University Hamedan, Iran

13-Alexander Sprenger, Heinrich-Heine-University Düsseldorf, Germany 

14-Bangkai  Xiong, Beijing Jiaotong  University, China

15-Yun Yu, Beijing Jiaotong University, China
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