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Invited talks 

 
DAY 1 

 
Erwin Frey  
 
Emergence of coexisting ordered states in active matter systems 
 
Active matter is a fascinating new field in soft matter physics aiming to understand 
how interacting active particles self-organise into an intriguing set of patterns and 
collective non-equilibrium states. Superficially, flocks of animals, self-propelled 
microorganisms or cytoskeletal systems appear to display similar phenomenologies, 
hinting towards universal organizing principles. However, upon closer inspection it 
has turned out that a more comprehensive understanding of the microscopic 
interaction between active particles beyond simple collision rules is needed to explain 
the emergent macroscopic order. In this context, the actomyosin motility assay [1] has 
played an important role. It is composed of two ingredients: actin filaments and 
molecular motor proteins. Actin filaments move on a lawn of active motors by 
consuming adenosine triphosphate. We have used the binary collision statistics 
determined in this assay [2] to predict the collective behavior by using a recently 
developed numerical scheme to solve the Boltzmann equation for active particles [3]. 
Contrary to common beliefs, we have found that the alignment effect of the binary 
collision statistics is too weak to account for the observed ordering transition [2]. This 
indicates that the dynamics of active matter requires a description that accounts for 
multi-filament collisions, and calls for a theoretical framework that goes beyond 
kinetic theories. 
In this talk, we will discuss recent theoretical and experimental advances in 
understanding pattern formation and collective dynamics in active biopolymer 
systems [4]. We will explain how by tuning the polar or nematic nature of the binary 
interaction between active biopolymers one is able to precisely control the formation 
of distinct patterns. In addition, the macroscopic state of these systems exhibits an 
emergent symmetry that is not already dictated by the symmetry of the microscopic 
interaction as in equilibrium systems. Both agent-based computer simulations and 
experiments with the actomyosin motility assay consistently show chimera states in 
which polar and nematic structures coexist and are in dynamic equilibrium with each 
other. Our theoretical analysis indicates that multi-stability as well as the capability of 
varying the emerging order upon small variations in local interactions is a generic 
feature of active biopolymer liquids. Finally, we will discuss how chirality in the 
biopolymers’ trajectories leads to novel collective vorticity states [5]. 
 
[1] V. Schaller, C. A Weber, C. Semmrich, E. Frey, and A. R. Bausch, Nature 467, 73 (2010). 
[2] F. Thüroff, C. A. Weber, and E. Frey, Phys. Rev. X 4, 041030 (2014). 
[3] R. Suzuki, C. A. Weber, E. Frey, and A. R. Bausch, Nat. Phys. 11, 839 (2015). 
[4] L. Huber, T. Krüger, R. Suzuki, A. R. Bausch, and E. Frey, unpublished. 
[5] J. Denk, L. Huber, E. Reithmann, and E. Frey, Phys. Rev. Lett. 116, 178301 (2016). 
 
Carsten Beta  
 
A polarly flagellated swimmer that switches between two alternative movement 
strategies 



 
Bacteria swim in sequences of straight runs that are interrupted by turning events. 
They drive their swimming locomotion with the help of rotating helical flagella. 
Depending on the number of flagella and their arrangement across the cell body, 
different run-and-turn patterns can be observed. Here, we present fluorescence 
microscopy recordings showing that cells of the soil bacterium Pseudomonas putida 
that are decorated with a polar tuft of helical flagella, can alternate between two 
distinct swimming patterns. On the one hand, they can undergo a classical push-pull-
push cycle that is well known from monopolarly flagellated bacteria but has not been 
reported for species with a polar bundle of multiple flagella. Alternatively, upon 
leaving the pulling mode, they can enter a third slow swimming phase, where they 
propel themselves with their helical bundle wrapped around the cell body. A 
theoretical estimate based on a random-walk model shows that the spreading of a 
population of swimmers is strongly enhanced when cycling through a sequence of 
pushing, pulling, and wrapped flagellar configurations as compared to the simple 
push-pull-push pattern. 
 
Lucio Isa 

 
Breaking the symmetry: Designing colloidal motors and swimming at oil-water 
interfaces  
 
Breaking symmetry is at the very core of achieving propulsion at the microscale, 
where viscous forces dominate. Nature has perfected a range of different strategies to 
reach this goal for swimming microorganisms, which scientists have taken inspiration 
from to produce artificial micro-swimmers [1]. A common way to achieve propulsion 
at the colloidal scale is to produce artificial particles that have asymmetric shapes and 
surface properties. I will first start by describing recent work in our group where we 
take well-known microswimmers that are propelled by self-generated asymmetrical 
chemical gradients (Janus swimmers) and we confine their motion at an oil-water 
interface. Two-dimensional confinement and interactions with the fluid interface 
strongly affect the propulsion speed and the directionality of the particle trajectories 
[2]. Furthermore, we study how the swimmers interact with complex environments 
constituted by self-assembled arrays of passive obstacles [3]. Moving further on from 
these simple swimmers, we developed a new fabrication strategy to create 
microswimmers with full control on their geometrical and compositional asymmetry. 
The method is based on the sequential deposition of microspheres on topographical 
templates, where we independently define the swimmers’ shape by defining the shape 
of template, and we program their composition by fixing the deposition sequence [4]. 
I will show how we can use this fabrication strategy to design and obtain particles that 
translate, rotate, switch between these two modes of motion and even perform drag-
and-drop tasks in crowded environments, propelled by uniform AC electric fields [5]. 
These results show how the design of microswimmers can enable the development of 
active components for the realization of autonomous systems working in complex 
environments.  

 
 [1] C Bechinger, R Di Leonardo, H Löwen, C Reichhardt, G Volpe, and G Volpe, Rev. Mod. Phys. 88, 
045006, 2016 



[2] K Dietrich, D Renggli, M Zanini, G Volpe, I Buttinoni and L Isa, New Journal of Physics, 19, 
065008, 2017 

[3] K Dietrich, I Buttinoni, G Volpe and L Isa, http://arxiv.org/abs/1710.08680, 2017 

[4] S Ni, J Leemann, I Buttinoni, L Isa and H Wolf, Science Advances, 2(4), e1501779, 2016 

[5] S Ni, E Marini, I Buttinoni, H Wolf and L Isa, Soft Matter, 13, pp. 4252 - 4259, 2017 

 
 
William Durham 
 
Chain formation enhances the vertical migration of phytoplankton through 
turbulence  
 
Turbulence has long been known to exert a powerful control on the composition of 
phytoplankton communities, yet the underlying mechanisms often remain elusive. A 
particularly striking adaptation of phytoplankton is chain formation, which occurs 
when cells remain attached to one another after division. While chains of motile 
phytoplankton species swim faster than single cells, their shape can make them less 
stable to being overturned by turbulence, which disrupts their ability to maintain their 
bearing as they migrate vertically through the water column. Here we investigate the 
vertical migration of phytoplankton chains in the presence of turbulence using 
numerical simulations. We find that, counterintuitively, the elongated shape of chains 
can help them travel through moderate turbulence much more efficiently than single 
cells and we identify the processes that confer chains this ability. These findings 
provide new mechanistic understanding of how turbulence affects phytoplankton 
community structure and potentially offers new insights into how blooms of toxic 
chain-forming species are initiated.  
 
 
Joakim Stenhammar 
 
Correlations and collective behaviours in suspensions of swimming 
microorganisms 
 
Two intriguing hydrodynamic phenomena occurring in suspensions of swimming 
microorganisms are the transition to so-called "bacterial turbulence", whereby 
bacterial suspensions of sufficiently high density exhibit large-scale flocks and 
coherent flows, and the enhanced diffusion of passive tracer particles compared to the 
expected Brownian value. In this talk, I will present results obtained from large-scale 
lattice Boltzmann simulations of a simple model of hydrodynamically interacting 
microswimmers that capture both these phenomena accurately enough to draw 
quantitative conclusions about the collective dynamics. The results will furthermore 
be compared to analytical predictions from a stochastic kinetic theory of 
microswimmer suspensions that goes beyond mean-field, and thus takes into account 
swimmer-swimmer correlations, showing their importance even far below the 
transition to bacterial turbulence.  
 
Ignacio Pagonabarraga 
 
Clogging transition in active matter 



 
I will describe the kinetics of arrest of self-propelled aprticles moving in a disordered 
emdium. I will analyze the different regimes that determine the arrest of motion, and 
the impact that activity has in the anomalous transport regimes characteristic of the 
clogging transition. 
 
Metin Sitti  
 
Synthetic and Bacteria-Driven Microrobots 
 
Mobile microrobots have potential high-impact applications in health-care, 
bioengineering, mobile sensor networks, micromanufacturing, and environmental 
remediation. In this presentation, synthetic and bio-hybrid microrobots from few 
micrometers up to hundreds of micrometer overall sizes and various locomotion 
capabilities are presented. Going down to micron scale, one of the grand challenges 
for mobile microrobots is miniaturization limitation on their on-board actuation, 
powering, sensing, processing, and communication components. Two alternative 
approaches are explored in this talk to solve the actuation and powering challenges. 
First, biological cells, e.g., bacteria, attached to the surface of a synthetic microrobot 
are used as on-board microactuators and microsensors using the chemical energy 
inside or outside the cell in physiological fluids. Bacteria-propelled microswimmer 
swarms are steered using chemical and pH gradients in the environment and remote 
magnetic fields. Such microswimmers are used for targeted drug delivery 
applications. Next, external actuation of untethered magnetic microrobots using 
remote magnetic fields in enclosed spaces is demonstrated. Large number of magnetic 
microrobots spun in the water-air interface is shown to dynamically and statically 
self-assemble to different patterns depending on the interactions of magnetic, surface 
tension, and hydrodynamic forces.  
 
 

DAY 2 
 
Hartmut Löwen   
 
Negative resistance for driven colloids in microchannels 
 
Ohm's law is one of the most central transport rules stating that the total resistance of 
sequential single resistances is additive. Here we test additivity of resistances in 
classical systems of interacting colloids driven over two energetic barriers in a 
microchannel, using real-space microscopy experiments, particle-resolved 
simulations, and dynamical density functional theory. If the barrier separation is 
comparable to the particle correlation length, the resistance is highly non-additive, 
such that the added resistance of the second barrier can be signicantly higher or lower 
than that of the rst. Surprisingly, for a barrier separation comparable to the particle 
interaction range, the second barrier can add a negative resistance, such that two 
identical barriers are easier to cross than a single one. We explain our results in terms 
of the structuring of particles trapped between the barriers. 
 
 
 



Juliane Simmchen  
 
A metal based strategy to bacterial biohybrid microswimmers 
	  
Nature optimized the motion at the small scale over millions of years and solved the 
challenges coming with the low Reynolds numbers in elegant ways, with bacteria 
being one of the most common microswimmers in number.  
The combination of bacterial biohybrids is one elegant strategy to use for transporting 
purposes on the microscale. Here we present a metal based approach to form the 
coupling of the artificial microobjects to the bacterial surface and evaluate the 
different effects the coupled particles have on the motion of the biohybrids and 
discuss the limitations of this strategy.  
 
Gerhard Gompper 
 
Collective Dynamics of Active Colloids — Shape and Hydrodynamics Matter 
 
The phase behavior of active colloidal particles is governed by their shape and 
hydrodynamic interactions [1], but also affected by the effective dimensionality of the 
system, i.e., three-dimensional bulk fluid versus thin film. In order to address these 
various aspects, we have developed a model for a spheroidal squirmer [2], with 
hydrodynamics implemented via the multi-particle collision dynamics approach [3].  
 
We have studied the swimming behavior, cooperative motion, and motility-induced 
phase separation (MIPS) of spheroidal squirmers in a narrow slit. For two squirmers, 
we find a strong influence of confinement on their cooperative motion caused by 
surface hydrodynamic interactions [2]. Considering the phase behavior of many 
squirmers, we find that hydrodynamic interactions suppress MIPS for spherical 
squirmers. This is in agreement with results in strictly two-dimensional systems [4], 
but disagrees with other simulation results for slits [5]. In contrast, hydrodynamic 
interactions enhance MIPS for elongated squirmers. Moreover, the swimmer type, 
characterized by the hydrodynamic multipole expansion of its flow field — i.e., 
puller, pusher, and neutral squirmer — strongly affects the phase behavior. A negative 
force dipole coefficient (puller) is advantageous for MIPS, while a positive coefficient 
(pusher) is disadvantageous.  
 
Spheroidal squirmers are, inter alia, simplified models for bacteria, like E. coli, which 
are propelled by a bundle of rotating helical flagella [1]. Addition of a rotlet dipole, 
representing the rotation of flagella bundles and the counter-rotation of the cell body 
of such bacteria, leads to a suppression of MIPS.  
 
A more detailed model of swimming bacteria, in which the helical flagella are taken 
into account explicitly [6], is briefly mentioned. This model has been employed to 
study the motion of bacteria near surfaces [7]. This reveals interesting clockwise, 
counter-clockwise and snaking trajectories depending on the fluid boundary 
conditions at the surface.  
 
[1] J. Elgeti, R.G. Winkler, G. Gompper, Rep. Prog. Phys. 78, 056601 (2015). 
[2] M. Theers, E. Westphal, G. Gompper, R.G. Winkler, Soft Matter 12, 7372 (2016). 
[3] G. Gompper, T. Ihle, D. M. Kroll, R.G. Winkler, Adv. Polym. Sci. 221, 1 (2009). 



[4] R. Matas-Navarro, R. Golestanian, T. B. Liverpool, S. M. Fielding, Phys. Rev. E 90, 032304 
(2014).  
[5] A. Zoettl,  H. Stark, Phys. Rev. Lett. 112, 118101 (2014) 
[6] J. Hu, M. Yang, G. Gompper, R.G. Winkler, Soft Matter 11, 7867 (2015). 
[7] J. Hu, A. Wysocki, R.G. Winkler, G. Gompper, Sci. Rep. 5, 9586 (2015). 
 
 
Francesc Sagués  
 
Taming active nematics 
 
Motor-proteins are responsible for transport inside cells. Harnessing their activity is 
key towards developing new nano-technologies or functional biomaterials. 
Cytoskeleton-like networks, recently tailored in vitro, result from the self-assembly of 
subcellular autonomous units. Taming this biological activity bottom-up may thus 
require molecular level alterations compromising protein integrity. 
 
We have taken a top-down perspective consisting on tuning the anisotropic viscosity 
of a contacting thermotropic liquid crystal oil. We show that the seemingly chaotic 
flows of a tubulin-kinesin aqueous active gel with nematic-like order [1] can be 
forced to adopt well-defined spatial directions that correlate with the structure of the 
responsive oil/water interface. Different configurations of the active material are 
realized, when the passive liquid crystal is either unforced [2] or commanded by a 
magnetic field [3]. The inherent instability of the extensile active fluid (active 
turbulence) is thus spatially regularized, leading to organized flow patterns, endowed 
with characteristic length and time scales whose role is redefined under the imposed 
geometrical confinements. Other control strategies, based in the preparation of active 
nematic droplets emulsified in liquid crystals, will be discussed.  
 
[1] T. Sanchez, D. T. Chen, S. J. De Camp, M. Heymann, Z. Dogic. Nature, 491, 431 (2012). 
[2] P. Guillamat, J. Ignés-Mullol, F. Sagués, Nat. Comm. 8, 564 (2017) 
[3] P. Guillamat, J. Ignés-Mullol, F. Sagués, PNAS 113, 5498-5502 (2016). 
 
 
Anke Lindner  
 
Spatial exploration of E-coli bacteria with and without flows 
 
Motile E-coli bacteria explore space using a run-and-tumble mechanism. Long 
straight runs are interrupted by short tumbles leading to a change in swimming 
direction. These tumbles are caused by a switch in rotation direction of the rotary 
motors driving the bacteria flagella. Analyzing a large number of 3D trajectories, 
using a custom build automated tracking device, we have recently shown that the 
distribution of run times is very large, in contrast to the standard picture assuming a 
single typical run time. 
 
In particular, the long tail observed in the distribution of run times has important 
consequences for bacteria transport along boundaries, as it leads to very long sojourn 
times at the latter. When bacteria are oriented upstream by a flow in a confined 
channel, these long sojourn times can lead to a super-contamination i.e., a very fast 
microbial invasion over large distances along a channel, against the flow direction. 
 



Finally we use our 3D tracking device to investigate “active Jeffery orbits” of E. coli 
bacteria under flow. The observed dynamics are a combination of the interaction of a 
complex shaped particle (elongated chiral flagella with a head) with a shear flow and 
the bacteria activity.  
 
 
Michael Wilczek  
 
Turbulence and pattern formation in a minimal model for active fluids 
 
Continuum theories of active fluids display a fascinating range of dynamical states, 
including stationary patterns and turbulent phases. While the former can be tackled 
with classical pattern formation theory, the spatio-temporal disorder of active 
turbulence calls for a statistical description. In this presentation, new results on 
turbulence and pattern formation in a minimal continuum model for active fluids, 
which has been recently proposed by Wensink et al. [PNAS 109(36):14308 (2012)], 
will be discussed. Adopting techniques from turbulence theory, we establish a 
quantitative description of correlation functions and spectra for active turbulence. We 
furthermore report on a novel type of turbulence-driven pattern formation far beyond 
linear onset: the emergence of a dynamic vortex lattice state after an extended 
turbulent transient, which can only be explained taking into account turbulent energy 
transfer across scales. 
 
 
Federico Toschi 
 
A Langevin model for low density pedestrian dynamics and interactions 
 
The dynamics of pedestrian crowds shares deep connections with statistical physics 
and fluid dynamics. Reaching a quantitative understanding, not only of the average 
behaviours but also of the statistics of (rare) fluctuations would have major impact, 
for instance, on the design and safety of civil infrastructures. A key feature of 
pedestrian dynamics is its strong intrinsic variability, that we can already observe at 
the single individual level. In this work we aim at a quantitative characterisation of 
this statistical variability by studying individual fluctuations. We consider 
experimental observations of low-density pedestrian flows in a corridor within a 
building at Eindhoven University of Technology and at Eindhoven train station. Few 
hundreds thousands to millions of pedestrian trajectories, with high space- and time-
resolution, have been collected via a Microsoft Kinect 3D-range sensor and automatic 
head tracking techniques. From these observations we model pedestrians as active 
Brownian particles by means of a generalised Langevin equation. With this model we 
can quantitatively reproduce the observed dynamics including the statistics of 
ordinary pedestrian fluctuations and of rarer U-turn events. Low density, pair-wise 
interactions between pedestrians are also discussed focusing on diluted dynamics and 
pair-wise interactions ("collisions") for mutual avoidance.  
 
 
 
 
 



DAY 3 
 
Thomas Speck 
 
Active molecules 
  
I will present experiments on the dynamics of solvated spherical ion exchange (IEX) 
particles, which exchange stored with residual ions at a fixed rate. For ions with 
different diffusion coefficients, close to a substrate a combination of electroosmotic 
and electrophoretic flows is created. Driven by this flow, we observe the assembly of 
IEX particles into small clusters resembling molecules, the dynamics of which is well 
described by a potential flow. For mixtures of different particle species, the flow 
symmetry is broken and the molecules can become "active" with either persistent 
linear propulsion or rotation depending on the assembled structure. These results are 
interesting for designing and realizing active systems with dynamic functions, e.g., for 
the autonomous transport of cargo particles. 
 
 
Ramin Golestanian 
 
Enhanced diffusion of catalytically active enzymes 
  
Enzymes are reported to undergo enhanced diffusion by about 10-30 percent when 
they are catalytically active. I report on the experimental observations, and a number 
of different scenarios that have been proposed to explain the phenomenon. 
 
 
Hugues Chaté/Xiaqing Shi  
 
Data-driven quantitative modeling of bacterial active nematics 
 
Dense active nematics suspensions have been studied experimentally, with a 
particular attention paid to the dynamics of the topological defects in the 
spatiotemporally chaotic regime typically taking place. At the theoretical level, most 
work has been done at hydrodynamic level, striving to account for these experimental 
findings, but the many transport coefficients of the governing equations were most 
often chosen rather arbitrarily. 
 
Here we introduce a new active nematics system made of swarming filamentous 
bacteria. We show that the complex spatiotemporal dynamics of our system can be 
quantitatively reproduced by a new type of microscopic model for active suspensions 
whose parameters are all estimated from experimental data. This provides 
unprecedented access to the key effective parameters and mechanisms governing the 
system. Our approach is applicable to different types of suspensions and shows a path 
towards more quantitative active matter research. 
 
 
Eric Bertin  
 
Non-linear rheology in a model biological tissue 



 
Mechanical signaling plays a key role in biological processes like embryo 
development and cancer growth. One prominent way to probe mechanical properties 
of tissues is to study their response to externally applied forces. Using a particle-based 
model featuring random apoptosis and environment-dependent division rates, we 
evidence a crossover from linear flow to a shear-thinning regime with increasing 
shear rate. To rationalize this non-linear flow we derive a theoretical mean-field 
scenario that accounts for the interplay of mechanical and active noise in local 
stresses. These noises are respectively generated by the elastic response of the cell 
matrix to cell rearrangements and by the internal activity. 
 
 
Roberto Di Leonardo  
 
Light controllable active matter 
 
Proteorhodopsin (PR) is a light driven proton pump which uses photon energy to 
pump protons out of the inner membrane of bacteria. The resulting electrochemical 
gradient can drive the rotation of the flagellar motor so that proteorhodopsin puts a 
"solar panel" on every cell, allowing to remotely control its swimming speed with 
light. 
These light powered microswimmers can be embedded inside artificial 
micromachines and employed as efficient and controllable propellers.  When freely 
swimming in a dense suspension, they can instead provide a light controllable active 
fluid, whose density can be accurately controlled in space and time by projecting 
dynamical light patterns. We show that an initially homogeneous layer of these light 
controlled bacteria can be made to morph between different shapes. We discuss non-
local effects arising from memory in light response and propose a feedback control 
strategy that allows to use bacteria to accurately display a grayscale complex image. 
 
 
Idan Tuval  
 
Swimming to escape (and other short stories) 
 
Parasites thrive in the ocean, and there are plenty of hosts for them to choose from. In 
marine planktonic ecosystems, the important role played by parasitism has long been 
underestimated, despite the enormous range of parasite life cycles and life styles. In 
particular, very little is known about the physical cues and mechanisms involved in 
the complete infection cycle of marine parasites.  
 
In this talk I will focus on a key aspect of the infection process of Parvilucifera 
sinerae, a common generalist parasite of dinoflagellates. Through experiments, 
mathematical modelling and simulations, I will explore the critical first stage of the 
infection process, when P. sinerae zoospores swim out of the sporangium where they 
laid dormant to go infect neighbouring dinoflagellates. This process involves the 
opening of a few small apertures (opercula) on the surface of the sporangium, through 
which the zoospores must leave. Our experiments show that the escape process is 
accompanied by a clustering of the zoospores within the sporangium. This unexpected 
distribution suggests self-chemotaxis between zoospores, and could accelerate 



dramatically their exit dynamics through the opercula. I will address the role played 
by the interaction of cells with the boundary of their confinement in their ability to 
pass through small apertures. I will quantify the “scattering function” of cells with 
different swimming strategies with solid obstacles and I will determine its effect and 
that of collective chemotaxis on the escape process. 
 
 
Marco Polin 
 
Phototaxis beyond turning 
 
Phototaxis is an important reaction to light displayed by a wide range of motile 
microorganisms. Flagellated eukaryotic microalgae in particular, like the model 
organism Chlamydomonas reinhardtii, steer either towards or away from light by a 
rapid and precisely timed modulation of their flagellar activity. Cell steering, 
however, is only the beginning of a much longer process which ultimately allows cells 
to determine their light exposure history. This process is not well understood. Here we 
present a first quantitative study of the long timescale phototactic motility 
of Chlamydomonas at both single cell and population levels. Our results reveal that 
the phototactic strategy adopted by these microorganisms leads to an efficient 
exposure to light, and that the phototactic response is modulated over typical 
timescales of tens of seconds. The adaptation dynamics for phototaxis and chlorophyll 
fluorescence show a striking quantitative agreement, suggesting that photosynthesis 
controls quantitatively how cells navigate a light field. 
 

  



Contributed talks 
 
 

DAY 1 
 
Micheline Abbas 
 
TBA 
 
Dario Vincenzi 
 
Emergence of chaos in a viscous solution of microscopic rods 
 
It	   is	  shown	  that	  the	  addition	  of	  small	  amounts	  of	  microscopic	  rods	   in	  a	  viscous	  
fluid	  at	  low	  Reynolds	  number	  causes	  a	  significant	  increase	  of	  the	  flow	  resistance	  
and	  a	  transition	  from	  laminar	  to	  chaotic	  behaviour.	  Polymer	  stresses	  give	  rise	  to	  
flow	  instabilities	  which,	  in	  turn,	  perturb	  the	  alignment	  of	  the	  rods.	  This	  coupled	  
dynamics	  results	  in	  the	  activation	  of	  a	  wide	  range	  of	  scales,	  which	  enhances	  the	  
mixing	  efficiency	  of	  viscous	  flows.	  We	  thus	  show	  that	  a	  phenomenology	  similar	  
to	  elastic	  turbulence	  can	  be	  obtained	  in	  solutions	  of	  microscopic	  rigid	  rods. 
 
Francisco Alarcon Oseguera 
 
Self-assembled states of active amphiphilic Janus particles 
 
We have studied the phenomenology of a dilute suspension of active amphiphilic 
Janus particles, where we have found a wide variety of self-assembled states, in 
contrast with their equilibrium counterpart: the Brownian amphiphilic Janus particles. 
Tuning the propulsion direction (towards or against the attractive patch), we observe 
that the morphology of the aggregates emerging from self-assembly depends on the 
interaction strength and the direction of the active forces. Moreover, we study how the 
patch coverage size affects the assembled structures. Therefore, we conclude that the 
propulsion direction, the interaction strength and the coverage size of the attractive 
patch can be used to control the physical properties of the assembled active 
aggregates and shed light in the design OF new materials, where self-propulsion can 
be exploited as a tunable driving force for self-assembly. 
 
 
Tugba Andac 
 
Active Brownian Particles Alter the Formation of Coffee-rings 
 
Seeing the edge of a spilled coffee droplet getting darker and darker as it dries out has 
become much more than just a trivial daily life experience. Understanding the reason 
behind seeing the characteristic ring-like stain after the evaporation of such droplets 
containing suspended particles, i.e. coffee ring effect, draw many scientists' attention 
[1-3]. It plays an important role in variety of phenomena such as formation of 
biofilms [4], printing, deposition of thin films and self-assembly of nanostructures [5-
6]. The increased interest on coffee-ring revealed that it can be altered by changing 
the shape or the size of the particles suspended in the droplet, changing the 



composition of the solvent, using substrates with different wettability, changing the 
conditions of drying [7-9] or even introducing bacteria [10]. Considering the fact that 
active particles such as bacteria have the potential to alter the stains to be formed with 
their distinctive ability of self-propelling, this topic becomes even more 
interesting.  However, studies so far have focused on fast-evaporating droplets, while 
microbiological living matter often populates in the humid environments such as soils, 
aquifers or animal hosts, where evaporation processes are significantly slowed down. 
Here we show that, as the evaporation rate slows down, bacterial activity starts 
playing a crucial role in determining the growth dynamics at the edge of the drying 
droplet and the resulting stain. Because of the mobility of active matter, the edge 
growth process becomes more irregular, and the resulting stain show less spatial order 
and lacks close packing. We support our conclusions with a numerical method. The 
possibility of influencing the coffee-ring effect with active matter is not only relevant 
for several biophysical phenomena, such as the formation of biofilms and the 
spreading of pathogens in environments subject to drying, but also for the 
technological applications in printing, coating and self-assembly. 
 
[1] Robert D. Deegan, Olgica Bakajin, Todd F. Dupont, Greg Huber, Sidney R. Nagel, and Thomas A. 
Witten. Capillary flow as the cause of ring stains from dried liquid drops. Nature, 389:827-829, Oct 
1997. 
[2] Byung Mook Weon and Jung Ho Je. Self-pinning by colloids conned at a contact line. Phys. Rev. 
Lett., 110:028303, Jan 2013. 
[3] Peter J. Yunker, Douglas J. Durian, and Arjun G. Yodh. Coffee rings and coffee disks: Physics on 
the edge. Physics Today, (8), 2013. 
[4] L. Hall-Stoodley, J. W. Costerton, and P. Stoodley. Bacterial biofilms: from the natural 
environment to infectious diseases. Nat. Rev. Microbiol., 2:95-108, 2004. 
[5] X. Zhang, A. Crivoi, and F. Duan. Three-dimensional patterns from the thin film drying of amino 
acid solutions. Scientic Reports, 5:10926-1-8, 2015. 
[6] Velu, S. K., Yan, M., Tseng, K. P., Wong, K. T., Bassani, D. M., & Terech, P, "Spontaneous 
Formation of Artificial Vesicles in Organic Media through Hydrogen-Bonding Interactions," 
Macromolecules, 46(4), 1591-1598, 2013. 
[7] P. J. Yunker, T. Still, M. A. Lohr, and A. G. Yodh. Suppression of the coffee-ring effect by shape-
dependent capillary interactions. Nature, 476(7360):308-311, August 2011. 
[8] Peter J. Yunker, Matthew A. Lohr, Tim Still, Alexei Borodin, D. J. Durian, and A. G. Yodh. Effects 
of particle shape on growth dynamics at edges of evaporating drops of colloidal suspensions. Phys. 
Rev. Lett., 110:035501, Jan 2013. 
[9] Chhasatia, V. H., Joshi, A. S., and Sun, Y. Effect of relative humidity on contact angle and particle 
deposition morphology of an evaporating colloidal drop. Applied Physics Letters, 97(23), 231909, 
2010. 
[10] W. Sempels, R. De Dier, H. Mizuno, J. Hofkens, and J. Vermant. Auto-production of 
biosurfactants reverses the coffee ring effect in a bacterial system. Nature communications, page 1757, 
2013. 
 
 
Arianna Bottinelli 
 
Information transfer in high-density crowd disasters 
 
Communication and information transfer between human subjects give rise to social 
conventions, shared norms, collective motion, and other efficient self-organized 
phenomena. During high-density mass events such as concerts, parades, sporting 
events, and pilgrimages, conventional communication and information transfer break 
down, and potentially deadly collective motion, e.g. density waves, can emerge.  
Recently, we were able to identify the physical, structural mechanisms underlying 
such collective motions by developing techniques inspired by the physics of granular 



materials. However, understanding the coupling between information transfer, crowd 
structure, and collective movement in the extreme case presented by high-density 
crowds is still an open question, and, likely, a fundamental step in understanding the 
dangers arising at mass gatherings.  
 
 
Mickael Bourgoin 
 
Kolmogorovian active turbulence 
 
Active entities capable of self-propulsion can be found in a wide variety of biological 
systems at different scales, includ- ing swimming bacteria, zoo-plankton, schools of 
fishes, flocks of birds, to cite only a few examples. One of the most fascinating open 
questions regarding such active systems concerns the onset of collective behaviors, 
with the emergence of strongly correlated dynamics between individual entities. The 
scientific community has been very active in the last decade in developing abiotic 
model active particles and in investigating their individual and collective motion (see 
for in- stance [2]), with the goal to unveil generic physical properties (not related to 
biological specifities) of what is now known as active matter (defined as a medium 
composed of a large number of active entities). One of the difficulties in modeling 
active matter relies on the fact that energy is constantly been injected at the particle 
level, making the system intrinsically out of equilibrium (a property shared with 
hydrodynamic turbulence) hence limiting the relevance of classical statistical 
thermodynamics as an appropriate theoretical framework. We propose here an 
alternative approach consisting in analyz- ing the out of equilibrium dynamics of 
active systems at the light of tools borrowed from the turbulence community (in terms 
for instance of statistics of Lagrangian and Eulerian velocity increments). 
To this purpose the present study focuses on an experimental investigation of the 
collective dynamics of interfacial active particles, made of millimetric circular 
camphor boats [1] (see fig. 1 left), which self-propel (via a surface tension driven 
local instability) with a typical velocity of the order of a few millimeters per second. 
Interestingly we find that the collective behavior of this active system exhibits a 
random and correlated multi-scale dynamics sharing many similitudes with classical 
Kolmogorovian K41 turbulence. For instance the second order structure function 
S2(r) exhibits a well defined r2/3 scaling allowing to identify an equivalent inertial 
range over half a decade (fig. 1 right). Other quantities (such as the Eulerian 
spectrum, higher order structure functions and Lagrangian structure functions) are 
also found to follow K41 scalings with almost no intermittency corrections. These 
findings build a possible bridge between active systems and turbulence, suggesting in 
particular that active matter may be relevantly described in the framework of an 
energy cascade phenomenology (the direct versus inverse nature of the cascade still 
needs to be further clarified). We will show that effective turbulent quantities (such as 
energy dissipation rate ε, Reynolds number Rλ, scales, etc.) can be estimated as 
classically done in turbulence research. The description of turbulence may also benefit 
via this link from futur progresses in modeling active matter, for instance in the 
framework of out of equilibrium thermodynamics. 
 
 

*** Afternoon session *** 
 



 
Luis Alberto Gómez Nava 
 
Markovian microrobots - How to perform complex tasks by local sensing 
without memory 
 
Today's medicine aims at, among many other examples, fabricating micrometer-sized 
robots for target-specific drug delivery, clearing clogged-up arteries or early detection 
of cancer cells. Motion at the microscale underlies a series of physical constains: 
viscous forces dominate over intertial ones, thermal fluctuations are not negligible and 
external signals can only be sensed locally (instantaneous concentrations gradients are 
inaccessible). How to navigate under these physical constraints is a nontrivial task. 
Here, we provide a proof of principle by intrducing a class of theoretical, autonomous 
machines called Markovian microrobots which can perform complex tasks at the 
microscale, e.g. chemotaxis, chemokinesis, detection of concentration minima or 
maxima or following a desired level of concentration in a dynamical concentration 
field, notably without the use of memory. 
 
 
Maria L. Ekiel-Jezewska 
 
Sedimenting elastic trumbbells 
 
We examine theoretically and numerically the impact of a chosen elastic model on the 
dynamics of filaments and trumbbells settling in a viscous fluid under gravity at low-
Reynolds-number. We use the Rotne-Prager mobility to describe hydrodynamic 
interactions between the trumbbell beads. As the most significant result, we provide 
examples which illustrate that the Kratky-Porod bending model (often used in the 
literature) can lead to a spurious dynamics that qualitatively and quantitatively differs 
from the results obtained using the classical harmonic bending model. Moreover, we 
find a new family of periodic oscillations of two elastic trumbbells and demonstrate 
that bending energy plays the essential stabilizing role – analogical configurations of 
dumbbells repel each other horizontally. 
 
 
Thomas Franosch 
 
Spatiotemporal dynamics of catalytic Janus particles 
 
Self-propelled particles are intrinsically out of equilibrium and exhibit peculiar 
dynamical behavior due to the complex interplay of stochastic fluctuations and 
directed swimming motion. We use differential dynamic microscopy and single-
particle tracking to characterize the spatiotemporal behavior of active Janus colloids 
in terms of the intermediate scattering function. We provide an analytical solution for 
the intermediate scattering function of the paradigmatic active Brownian particle 
model and find striking agreement from the smallest length-scales where translational 
Brownian motion dominates, up to the largest ones, which probe effective diffusion 
due to rotational Brownian motion. Characteristic oscillations emerge as most 
prominent feature at intermediate length scales which resolve the crossover from the 
persistent swimming motion to the relaxation of the orientation. These intermediate 



length scales are most sensitive to the details of the randomization of the swimming 
direction and, thereby, allow discriminating between rotational diffusion and run-and-
tumble motion. A direct comparison of experimental observations to theoretical 
predictions permits a reliable extraction of the key motility parameters of these active 
agents. 
 
 
Maria Helena Godinho 
 
Cellulose Liquid Crystals 
 
 
Giuseppe Gonnella  
 
Phase co-existence in bidimensional passive and active brownian particle systems 
 
It has been recently argued [1,2 ] that 2d melting of hard and soft repulsive disks 
occurs in two steps, with a continuous BKT transition between the solid and hexatic 
phases, and a first order transition between the hexatic and liquid phases, when 
density or packing fraction are decreased at constant temperature. The hexatic phase 
has no positional order but quasi long-range orientational order, while the solid phase 
has quasi long-range positional and proper long-range orientational order. We show, 
for passive dumbbells, that liquid and quasi long-range orientationally ordered zones 
co-exist close to the liquid phase, within a narrow interval of packing fractions. When 
self-propulsion is switched on, our brownian dynamic simulations suggest that the 
above co-existence region continuously extend to the strong activity region where 
cluster aggregation had already been observed. There is therefore no discontinuity in 
the phase diagram between the passive and active regions with phase separation.  
 
1. E. Bernard and W. Krauth, Phys. Rev. Lett. 107, 155704 (2011).  
2. G. Gonnella, L. Cugliandolo, A. Suma, P. Di Gregorio, submitted to Physical Review Letter. 
 
 

DAY 2 
 
Robert Grossmann 
 
On the synergetics of self-driven rods 
 
The non-equilibrium dynamics of self-driven rods -- a paradigm of active, complex 
fluids -- was studied using two different approaches in literature. On the one hand, 
particle-based models with anisotropic, steric interactions were solved numerically. 
On the other hand, heuristic toy-models for point-like particles with alignment 
interactions were proposed based on symmetry considerations. The latter are, in turn, 
the starting point for the derivation of the corresponding hydrodynamic limit. In this 
talk, a novel rod model is suggested. The equations of motion are derived from 
anisotropic, steric rod-rod interactions. Notably, the resulting dynamics is simple 
enough to be treated analytically, thus enabling the microscopic justification and 
extension of rod-models with alignment interactions. It is therefore possible to 
connect the particle-based dynamics of rods with anisotropic interactions and their 
hydrodynamic large-scale dynamics for the first time. Moreover, we can bridge the 



non-equilibrium dynamics of self-propelled discs with the dynamics of anisotropic 
fluids, thereby establishing a paramount playground to study nonequilibrium 
clustering of self-propelled rods, the active motion of emergent topological nematic 
defects in dense suspensions as well as large-scale nematic ordering in context and, 
further, to critically assess the universality of motility-induced phase-separation. 
 
 
Moritz Linkmann 
 
Large-scale pattern formation in two-dimensional active suspensions 
 
The collective effects of microswimmers in suspensions give rise to patterns of 
vortices at scales much larger than the characteristic size of a microswimmer. For the 
large-scale dynamics, Navier-Stokes based models driven by small-scale forces have 
been proposed. Here, we study the properties of a variant of these models in two 
dimensions, where the collective effects of the microswimmers can couple to the 
inverse cascade in two-dimensional turbulence. The dynamical and statistical 
properties of this model show a sharp transition between the formation of a steady-
state condensate at the largest resolved length scale in the system and a steady-state 
inverse transfer which is damped by viscous dissipation before reaching the 
condensate. The results suggest that large-scale patterns form for sufficiently strong 
forcing only, in a rather sharp transition. 
 
 
Emanuele Locatelli 
 
Dynamical and structural properties of topology-based self-propelled polymers 
 
We analyze the dynamics and structural properties of polymers composed by active 
monomers. By means of Brownian dynamic simulations we show that, when the self-
propulsion is connected to the polymer backbone, a linear chain undergoes a coil-to-
globule-like transition and the diffusion coefficient of its center of mass becomes 
independent of the polymer size. This transition happens at any value of of the Péclet 
number Pe, if the chain is sufficiently long, and is emphasized by a strong change of 
the scaling exponent of the radius of gyration. These effects are weakened by relaxing 
the coupling between activity and local topology, i.e. allowing the self-propulsion to 
diffuse in a restricted region around the backbone itself. When the activity is 
completely uncorrelated to the polymer local configuration, the usual structural and 
dynamical scaling exponents are recovered. These effects could be exploited to built a 
new generation of polymer based colloids with enhanced diffusion. 
 
 
Alessandro Magazzu 
 
Controlling the dynamics of colloidal particles by critical Casimir forces 
 
Casimir forces arise when the quantum vacuum fluctuations of the electromagnetic 
field are confined between two conducting surfaces. Analogously, critical Casimir 
forces are due to confinement of the thermal fluctuations of the concentration of a 
binary liquid mixture near its critical point. The range of these critical forces is 



strongly temperature-dependent because it is set by bulk correlation length of the 
order parameter fluctuations within the binary mixture, which diverges upon 
approaching the critical temperature Tc. We consider two silica beads immersed in a 
water-lutidine mixture near its consolute critical point. These particles are subject to 
an optical and electrostatic potential as well as to critical Casimir forces when the 
temperature of the mixture approaches Tc. We observe, in fact, that the interaction 
between the particles is modified at a sufficiently small interparticle distance because 
their surfaces effectively confine the concentration’s fluctuations of the solvent. In 
order to observe the sole action of the critical Casimir force, we used blinking optical 
tweezers to investigate the particles’ interaction when they are not subject to the 
confining optical potential. 
 
 
Daniel Strömbom  
 
Mechanisms for inducing polarized collective motion in alignment-free models 
 
When modelling collective motion in animal groups using active matter type models 
often an explicit alignment (or orientation) term is included and the capacity of the 
model to generate polarized collective motion often depends critically on this term. 
Over the past decade a number of models without explicit alignment terms have been 
proposed and several of them are known to generate polarized collective motion. It is 
well known that introducing asymmetries in the interactions between individuals, e.g. 
in the form of blind zones or asymmetric potentials, induces polarization at the 
collective level in a number of attraction and repulsion based models. However, 
examples exist where polarized collective motion emerges in alignment-free models 
with seemingly symmetric interactions. Suggesting that there are other less well 
known polarization inducing mechanisms out there. Here we introduce an alignment-
free synchronous attraction only model with symmetric interactions that does not 
produce any type of polarized collective motion. Only milling groups, swarms, and no 
group. And show that introducing asynchrony in heading updates alone leads to 
cohesive polarized group formation. We also show that using anticipated future 
positions of the neighbors, instead of current positions, for heading update 
calculations leads to cohesive polarized group formation. The latter in contrast to 
several recent studies showing that anticipation inhibits polarized collective motion, 
and promotes milling and swarming, in various other models. Thus we have 
established that asynchrony and anticipation, independently of each other, are causal 
polarization inducing mechanisms in certain models. And we speculate that using 
asynchrony or anticipation, instead of explicit alignment terms and/or asymmetric 
interactions, may be advantageous in modeling certain phenomena involving 
polarized collective motion. 
 
 
Thomas Voigtmann 
 
High-density dynamics of Active Brownian hard disks 
 
We discuss the high-density dynamics of active Brownian particles (ABP) using an 
integration-through transients (ITT) approach and using Brownian dynamics 
simulations of hard disks in two spatial dimensions. While the low-density dynamics 



can be understood in terms of a single Peclet number associated to active driving, at 
high densities, both the strength of the active swimming (in relation to translational 
diffusion) as well as the persistence of swimming (expressed by the inverse rotational 
diffusion coefficient) enter as separate parameters in addition to the density. The 
theory predicts a surface of glass transition in the three-dimensional parameter space, 
and an "active glassy" state that is quite different from its passive counterpart. 
Combining the ITT approach with a phernomenological free-energy expression, the 
theory can be used to construct a qualitative state diagram including both the glass 
transition and the spinodal of motility-induced phase separation. 
 
 

*** Afternoon session *** 
 
 
Borge ten Hagen 
 
Self-propelling Janus particles in evaporating liquid droplets 
 
Inspired by biological microswimmers, various types of artificial self-propelled 
particles have been developed and thoroughly characterized in recent years. While in 
most studies quiescent solvents or stationary flow fields were considered, much less is 
known about the behavior of synthetic microswimmers in more complicated flow 
environments as they often occur in biological systems under non-laboratory 
conditions. Here, we investigate the dynamics of self-propelling Janus particles in an 
evaporating droplet of hydrogen peroxide solution. The competition between the 
flows due to the evaporation and the active motion of the particles leads to a complex 
dynamical behavior. The system is analyzed using three-dimensional particle tracking 
measurements and numerical simulations of the nontrivial fluid flow within the 
evaporating droplet. It will also be discussed how the particle activity affects the 
coffee-ring formation in the final state of evaporation, where the orientation of the 
Janus particles introduces a new order parameter. 
 
 
Jalpa Soni 
 
Experimental investigation of a Brownian Gyrator 
 
Heat engines have been one of the most intriguing research topics in modern 
thermodynamics owing to their versatility and wide range of applications. Recently, 
there has been a new-found boost of interest in them following from the advancement 
of nanotechnology. With the ever-expanding perspectives of micro- and nano-devices, 
it is interesting to look for ways to realize heat engines at these scales. One such 
system was theoretically conceptualized recently in the form of a Brownian gyrator. 
When a Brownian particle is confined in a generic optical potential with two different 
heat baths acting on it, the asymmetry of the thermal and restoring forces leads to the 
generation of torques, making it act as a microscopic heat engine. We have shown that 
indeed it is possible to experimentally realize such a simple microscopic heat engine. 
We optically trap a Brownian particle in an elliptic potential, and apply different 
effective temperatures in two orthogonal directions of the trap. We imitate the thermal 
noise by applying a randomly fluctuating electric field along one direction, thus 



creating two different heat baths. Under this condition, the Brownian particle exhibits 
rotational motion, the characteristic properties of which depend upon the strength of 
the temperature asymmetry along the two directions as well as the angle between 
potential asymmetry axes and temperature asymmetry axes. We quantify the 
rotational motion by calculating the generated torque from the experimentally 
measured particle-trajetories. We show good agreement between theoretical 
prediction and experimental results. 
 
 
Mihail Popescu 
 
On the thermophoretic trapping of spherical colloids near a wall 
 
The recently reported enhancement of thermophoretic trapping of spherical colloids of 
radius R at small separations h from a wall when moving in a temperature gradient 
perpendicular to the wall [L. Helden et al, Soft Matter 11, 2379 (2015)] has been 
approached theoretically by A. Wurger [Phys. Rev. Lett. 116, 138302 (2016)] via a 
calculation, in the lubrication approximation, of an effective Soret coefficient. A 
subsequent derivation due to E. Yariv [Phys. Rev. Fluids 1, 022101, 2016] corrected 
an ad-hoc step in the lubrication analysis, leading to a different (in the sub-leading 
term) expression for the wall-distance dependence of the thermophoretic velocity of 
the particle. By employing bi-polar coordinates, I obtain an exact solution for the 
problem above (as a straightforward extension of Brenner’s calculation for a 
sedimenting sphere near a wall). By direct comparison with the two expressions 
obtained in the lubrication limit, it is shown that neither of them provide an accurate 
approximation for the effective Soret coefficient in the range of separations 0.01 < 
h/R < 0.1 from the wall that is relevant in the experiment. Combining the exact 
solution with the model proposed by A. Wurger, one can straightforwardly predict the 
distribution of heights above the wall for such particles moving in a temperature 
gradient perpendicular to the wall, the observable which is experimentally accessible. 
 
 
William Uspal 
 
Generalized rheotaxis of an active particle in confined ambient flow 
 
We consider a spherical active particle exposed to shear flow near a planar surface. 
The swimming activity of the particle gives rise to interactions (e.g., hydrodynamic or 
chemical interactions) with the surface that couple back to the motion of the particle. 
Via a dynamical systems theoretic approach, we show that a robust directional 
response can emerge from the interplay of external flow and near-surface swimming 
activity. For instance, depending on the external flow strength and the detailed 
character of the swimming activity of the particle, the particle can align against the 
flow direction (“upstream rheotaxis”) or nearly perpendicular to it (“planar 
alignment”). As an instructive and analytically tractable example, we apply our 
findings to the “squirmer” model of a mechanically actuated microswimmer. We 
identify the conditions on the squirming mode amplitudes to obtain the various steady 
states. Overall, our findings demonstrate that microswimmers can exhibit surprisingly 
rich behavior when operating in confined flows, which occur in many of their 
envisioned applications. 



 
 
Ron Shnapp 
 
Lagrangian History Effect on Pair Dispersion 
 
We study experimentally turbulent pair dispersion, an essential mechanism in mixing 
and transport of fluids. A new time scale that reflects the longer turn-over time of 
large scale turbulent eddies arises due to an inherent bias in random sampling of pairs. 
We reveal that the bias affects the statistics of initial pair separation velocity and 
masks the intermittent, super-diffusive mechanism of pair separation. Conditionally 
sampled pairs, with the time scale shorter than a Batchelor time scale, are shown to 
separate with <Δr^2> ~ τ^3$, at moderate Reynolds number σ. 
 
 

DAY 3 
 
 
Massimiliano Rossi 
 
Flagellar swimming kinematics of Euglena gracilis  
 
The flagellar swimming of the unicellular alga Euglena gracilis is characterized by a 
complex three-dimensional motion of its anterior flagellum, sometimes dubbed 
spinning lasso or figure eight. The resulting swimming trajectories show a generalized 
helical path with a characteristic swinging motion at higher frequencies corresponding 
to the flagellum beat period. In this work, we show a quantitative, highly resolved 
reconstruction of these swimming trajectories and flagellar shapes. The reconstruction 
method uses high-speed microscopy recordings of specimens of Euglena gracilis as 
input data and relies on simple assumptions to extract the three-dimensional 
trajectories and flagellar shapes. Results for one significant case will be presented and 
discussed. 
 
 
Sanjay Kumar 
 
Effects of polydispersity on the glass transition dynamics of aqueous suspensions 
of soft spherical colloidal particles 
 
Thermoresponsive poly(N-isopropylacrylamide) (PNIPAM) particles of a nearly 
constant swelling ratio and with polydispersity indices (PDIs) varying over a wide 
range (7.4%–48.9%) are synthesized to study the effects of polydispersity on the 
dynamics of suspensions of soft PNIPAM colloidal particles. The PNIPAM particles 
are characterized using dynamic light scattering (DLS) and scanning electron 
microscopy (SEM). The zero shear viscosity (η0) data of these colloidal suspensions, 
estimated from rheometric experiments as a function of the effective volume fraction 
φeff of the suspensions, increases with an increase in φeff and shows a dramatic 
increase at φeff = φ0. The data for η0 as a function of φeff fit well to the Vogel-
Fulcher-Tammann (VFT) equation. It is observed that increasing PDIs results in 
increasingly fragile supercooled liquidlike behavior, with the parameter φ0, extracted 



from the fits to the VFT equation, shifting towards higher φeff. The observed increase 
in fragility is attributed to the prevalence of dynamical heterogeneities (DHs) in these 
polydisperse suspensions, while the simultaneous shift in φ0 is ascribed to the 
decoupling of the dynamics of the smallest and largest particles. Finally, it is observed 
that the intrinsic nonlinearity of these suspensions, estimated at the third harmonic 
near φ0 in Fourier transform oscillatory rheological experiments, increases with an 
increase in PDIs. Our results are in agreement with theoretical predictions and 
simulation results for polydisperse hard sphere colloidal glasses and clearly 
demonstrate that jammed suspensions of polydisperse colloidal particles can be 
effectively fluidized with increasing PDIs. Suspensions of these particles are therefore 
excellent candidates for detailed experimental studies of the effects of polydispersity 
on the dynamics of glass formation. 
 
 
Henry Christophe 
 
Tumbling dynamics of inertial chains in extensional flow 
 
A large variety of industrial and academic systems involve suspensions of long, 
flexible and deformable particles such as: fibers in the paper-making industry, DNA 
in polymer physics, chains of plankton in oceans. One of the key challenge related to 
the field of non-spherical particles is to properly describe the dynamics and 
conformation of these particles in turbulent flows. Within this context, the present 
study is focused on the dynamics of elongated inertial particles. For that purpose, 
particles are described using a Kramers bead-rod model where they are discretized as 
a chain of elementary beads linked together by rigid rods. As a first step in the study 
of their dynamics in turbulent flows, we studied the dynamics of such elongated 
particles in a simple extensional flow. In particular, we characterize the coil-stretch 
transition in the limit of infinite chain sizes and for inertial chains. Besides, the 
tumbling instability near the coil-stretch transition is assessed for long and inertial 
chains. 
 
 
Massiera Gladys 
 
Biophysical approach of the mucociliary function: Mucus rheology and beating 
coordination 
 
 
The mucociliary function of the bronchial epithelium ensures the continuous 
clearance of the respiratory system, which relies on two main elements: mucus and 
cilia beating coordination. We perform here a rheological characterization of mucus 
samples extracted from ALI (Air-liquid interface) cultures of bronchial epithelium. 
Our approach combines macro- and micro-rheology techniques with the aim of 
quantifying the mucus viscoelastic properties at different length scales (from the size 
of bronchial cilia up to the scale on which mucus is transported). This specific 
methodology allows us to compare samples corresponding to different patient 
pathologies. In addition, we will describe our method to quantitatively characterize 
the coordination between cilia and how density and spatial distribution influences this 



coordination and consequently the mucus motion, required for the mucoliary 
clearance. 
 
 
Maziyar Jalaal 
 
Viscoplastic Droplets 
 
Viscoplastic (a.k.a. yield stress) fluids are materials that do not deform when 
undergoing a shear stress smaller than a critical value (yield stress). Above the yield 
stress, however, they behave like a viscous fluid (typically with a nonlinear viscosity). 
I will present some of the experiments and theories on physics of droplets made from 
viscoplastic fluids. In particular, I will show how one can passively and actively 
control the final shape of a droplet exploiting the rheological characteristics of such 
complex fluids. 
 
 
Emiliano Perez Ipiña 
 
E. coli displays optimal transport near surfaces: from experiments to generic 
properties of chiral active particles 
 
 

*** Afternoon session *** 
 
 
Cesare Nardini 
 
Incomplete phase separation in active matter 
 
Purely repulsive but active particles are known to undergo phase separation. Such 
inherently non-equilibrium phenomena, if looked at coarse-grained level, can be 
understood by an approximate mapping to equilibrium systems presenting liquid-gas 
phase separation. However, experiments and large scale simulations have shown that 
such phase separation is often incomplete: either dense phases never coarsen to the 
full system size (cluster phases) or bubbles of one phase are continuously formed in 
the other and ejected out. I will discuss our recent efforts to understand the generality 
of incomplete phase separation, its link with the fact that time-reversal symmetry is 
broken in active systems, and how it can be described at coarse grained level using 
scalar field theories. 
 
 
Hossein Nili 
 
Re-entrant bimodality in active suspensions of chiral microswimmers 
 
 
Oleksandr Chepizhko 
 
Dynamics of a single circular microswimmer in a quenched crowded media 



 
The motion of active particles, for example, bacteria or unicellular organisms, in 
nature occurs in crowded environments such that the walls, boundaries, and obstacles 
strongly influence the dynamics of the microswimmers. Here we present a generic 
model for a deterministic circular microswimmer in a disordered two-dimensional 
quenched random array of obstacles. The microswimmer moves in circular orbits 
between the collisions with the obstacles, and after colliding with an obstacle the 
microswimmer follows the obstacle's surface for some time before detaching again. 
The diffusivity of the system is studied via event-driven computer simulations for a 
wide range of obstacle densities and orbit radii. We find to phase boundaries of a 
conducting phase with an insulating and a localized phase. The phase behavior is 
investigated both close to these two transition lines, as well as deep in the conducting 
phase. The phase transitions correspond to critical phenomena with both an 
underlying static percolation transition, while the dynamic exponents reveal different 
universal classes. Furthermore, we find that the diffusivity grows with the density of 
obstacles up to a narrow region in the vicinity of the localization transition where it 
rapidly drops to zero. 
 
 
Tyler Shendruk 
 
Transitioning from Active Nematic Films to Mesoscale Turbulence in 3D 
Channels 
 
Topological defects play an essential role in the disorderly flows of 2D mesoscale 
turbulence in active nematic fluids and have been observed in active films of 
microtubule/motor protein mixtures, dense suspensions of bacteria and monolayers of 
fibroblast and epithelial cells. However, despite their important and well-established 
dynamics in 2D, it is less clear what role topological disclinations play in 3D active 
flows. By numerically simulating an active nematic fluid confined between parallel 
plates, we characterize the transition from quasi-2D to confined 3D chaotic flows. At 
small heights, the active nematic exhibits effectively 2D mesoscale turbulence, with 
straight disclination lines that span the channel gap and interact as essentially 2D 
defects. Upon increasing channel height, we find that disclinations are susceptible to 
twist perturbations, which lead the activity to further contort the lines producing 
curvature and a transition to fully 3D chaotic flows. By defining an order parameter 
based on the conformation of the disclination lines, we characterize the transition to 
3D mesoscale turbulence. 
 
Christopher Trombley 
 
Stationary states of charged particles settling under gravity in a viscous fluid 
 
The classical description of the qualitative behavior of charged particles in a vacuum 
is contained in Earnshaw’s Theorem which states that there is no steady configuration 
such that particles in a vacuum is stable to perturbations. It is shown by example that 
two charged particles settling in a fluid may have a configuration which is 
asymptotically stable to perturbations. Necessary and sufficient conditions for the 
existence of steady states are given and physically meaningful inequalities derived. 
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Joan Codina 
 
Metastability and Phase Coexistence in Active Brownian Systems 
 
Active Brownian Particles (ABP) exhibit a density phase separation, the so called 
Motility Induced Phase Separation (MIPS)[1]. The combination of propulsion and 
repulsion in ABP systems gives an emmergent relation for the local mean velocity as 
a function of the local mean density; it decreases linearly. The accumulation of 
particles at slow regions of the space may trigger, as a function of propulsion and total 
density, a phase coexistence between a macroscopic high density aggregate and a 
dilute gas. Extending thermodynamics to such systems is not trivial and the most 
intuitive thermodynamic variable to extend is pressure[2]. Following the pressure 
across MIPS, a pressure drop has recently been reported that indicates MIPS but it is 
above the coexistence density [3, 4]. Contrary to some works, we claim that this 
pressure drop is not a characteristic feature of this phase separation but an effect of 
sampling in a metastable region of the coexistence. The preparation of the system is 
usually performed by randomly distributing particles in the simulation box. We can 
also start from an already separated configuration, deep into MIPS, and then expand 
the simulation box to reach the desired density. Once the system reaches a steady 
state; pressure is measured. These two procedures have been implemented and the 
results show a hysteresis loop in the pressure; the system stays separated at lower 
densities than ever reported. By quenching a phase separated system to lower 
densities we explore MIPS by means of the active pressure at all densities and identify 
the metastability region.  
 
[1] J. Tailleur and M. E. Cates Phys. Rev. Lett. 100, 218103 (2008)  
[2] S.C. Takatori, W. Yan, and J.?F. Brady Phys. Rev. Lett. 113, 028103 (2014)  
[3] R. G. Winkler, A. Wysocki and G. Gompper. Soft Matter, 11, 6680-6691 (2015)  
[4] A. Patch, D. Yllanes, and M. C. Marchetti Phys. Rev. E 95, 012601 (2017) 
 
 
Daniela Dzhonova-Atanasova 
 
Experimental study of liquid spreading in modern random packings addressing 
mathematical model parameters’ identification 
 
Packed columns are typical apparatuses for separation processes in gas-liquid 
systems. Modern high performance packings ensure efficient mass transfer by large 
interfacial area and flow turbulising at low pressure drop. However the uniform radial 
distribution of the flows is of great importance for achieving the maximal efficiency. 
Our work aims at rigorous prediction of the liquid spreading and the wall flow in a 
bed of random packing for application in absoption or rectification processes. The 
packings under consideration are different sizes of metal Raschig Super-Ring (RSR) 
used in chemical industries and environmental protection. Our attempt to use a well-
proven approach with a dispersion model for describing the liquid distribution in 
random packings has faced difficulties, connected with firstly, the semi-industrial 
scale of the column; and secondly, the specific open structure of these packings, 
consisting of waved lamellae webs, which leads to low radial spreading. Since data on 



liquid distribution is unavailable for this type of packing, our study was devoted to 
measure the radial liquid velocity profiles and to offer a new procedure to identify the 
parameters in the mathematical model. 
 
 
Brenna Hogan 
 
Effect of red blood cells on wall shear stress and flow properties using Lattice 
Boltzmann-Immersed Boundary Methods 
 
 The effect of red blood cells and the undulation of the endothelium on the shear stress 
and flow properties in the microvasculature is here studied in detail using the lattice 
Boltzmann-immersed boundary method (LB-IBM). The results demonstrate a 
significant effect of both the undulation of the endothelium and red blood cells on the 
wall shear stress. The resulting fluctuations in wall shear stress greatly exceed the 
mean values, emphasizing the importance of the particulate nature of blood as well as 
a more realistic description of vessel wall geometry in the study of hemodynamic 
forces. Our results also reveal that morphological alterations of red blood cells, as 
occur in certain pathologies, can significantly affect the values of wall shear stress 
observed. We will also look at how flow properties such as apparent viscosity are 
greatly altered when suspensions of cells are considered in wavy-walled channels. 
 
 
Fatemeh Kalantarifard 
 
Optical force scaling and Raman spectroscopy of individually trapped cellulose 
nanofibers 
 
We study optical trapping of cellulose nanofibers by near infrared and visible laser 
light. We investigate length-scaling of optical forces on individually trapped cellulose 
fibers showing how length regulates their Brownian dynamics and optical trapping 
properties. Force and torque constants are measured on long (5-18 microns) cellulose 
nanofibers through correlation function analysis of their tracking signals. The 
measured translational and rotational trap stiffness show the constant limiting scaling 
behavior of optical forces with nanofibers length. Results are compared with simple 
theoretical model. Furthermore, Raman tweezers are used to obtain the spectra of 
nanofibers trapped in water and compared with Raman spectra of nanofibers 
deposited and dried on substrates showing a spectral response sensitive to orientation. 
 
 
Christina Kurzthaler  
 
Spatiotemporal dynamics of catalytic Janus particles 
 
Self-propelled particles are intrinsically out of equilibrium and exhibit peculiar 
dynamical behavior due to the complex interplay of stochastic fluctuations and 
directed swimming motion. We use differential dynamic microscopy and single-
particle tracking to characterize the spatiotemporal behavior of active Janus colloids 
in terms of the intermediate scattering function. We provide an analytical solution for 
the intermediate scattering function of the paradigmatic active Brownian particle 



model and find striking agreement from the smallest length-scales where translational 
Brownian motion dominates, up to the largest ones, which probe effective diffusion 
due to rotational Brownian motion. Characteristic oscillations emerge as most 
prominent feature at intermediate length scales which resolve the crossover from the 
persistent swimming motion to the relaxation of the orientation. These intermediate 
length scales are most sensitive to the details of the randomization of the swimming 
direction and, thereby, allow discriminating between rotational diffusion and run-and-
tumble motion. A direct comparison of experimental observations to theoretical 
predictions permits a reliable extraction of the key motility parameters of these active 
agents. 
 
 
Geet Raju 
 
Active Sedimentation Equilibrium of Quincke rollers 
 
Synthetic particle based active systems have shown fascinating out-of-equilibrium 
phenomena akin to biological ones such as flocking birds, schooling fish and 
swarming microbes. We experimentally explore the behavior of an externally driven, 
out-of-equilibrium system of colloidal particles (Quincke rollers 1, 2, 3) in the 
presence of a uniform in-plane biasing force. Similar sedimentation experiments have 
contributed in the understanding of active colloidal systems 4. We exploit the 
interplay between the biasing force (gravity) and the propulsive force, which leads to 
the emergence of a solid-like phase from a gas-like phase. A dynamic equilibrium 
resulting from the co-existence of these two states becomes more apparent at high-
particle concentrations. We believe our study will contribute to the understanding of 
the emergence of various states of matter in out-of-equilibrium systems as well as the 
classical sedimentation-diffusion equilibrium in presence of active particles.  
 
1. Bricard et al., Nature 503, 95–98 (2013)  
2. Bricard et al., Nat. Commun. 6, 7470 (2015) 
3. Morin et al., Nat. Phys., 13, 63–67 (2017) 4. Ginot et al., PRX 5, 011004 (2015) 
 
 
Hadrien Gascuel 
 
Information spreading and decision-making in sheep herds 
 
 
 
Martyna Goral 
 
Microbial activity in shells 
 
 
 
Raul Martinez Fernandez 
 
Collective behaviour of finite-size Vicsek disks in the absence and in the presence 
of passive obstacles 
 



 
The two-dimensional Vicsek model [1,2,3] is nowadays considered a good very good 
paradigm to study collective behaviour in Active Matter. In our work, to start with, 
we will unravel features of bulk Vicsek's particles. Instead of point-like, we will study 
the behaviour of finite-size Vicsek discks whose time evolution follows an event-
driven dynamics between subsequent time steps. We will consider two possible 
bouncing rules between Vicsek disks: a Vicsek-like rule and a pseudo-elastic one, and 
establish the differences between the two. Next, we will introduce disk-like passive 
obstacles of two kinds: either fixed in space or moving according to the same event-
driven dynamics. When considering fixed-obstacles, we will not only recover results 
similar to those of Ref.[4], but also perform a detailed analysis of particles' collective 
behavior. When considering moving obstacles, our results present differences with 
respect to those of Ref.[5].  
 
[1] Vicsek, T., Czirók, A., Ben-Jacob, E., Cohen, I., & Shochet, O. (1995). Novel type of phase 
transition in a system of self-driven particles. Physical review letters, 75(6), 1226.  
[2] Grégoire, G., & Chaté, H. (2004). Onset of collective and cohesive motion. Physical review letters, 
92(2), 025702.  
[3] Chaté, H., Ginelli, F., Grégoire, G., & Raynaud, F. (2008). Collective motion of self-propelled 
particles interacting without cohesion. Physical Review E, 77(4), 046113.  
[4] Chepizhko, O., Altmann, E. G., & Peruani, F. (2013). Optimal noise maximizes collective motion 
in heterogeneous media. Physical review letters, 110(23), 238101.  
[5] Yllanes, D., & Marchetti, M. C. (2017). How many dissenters does it take to disorder a flock?. 
arXiv preprint arXiv:1701.05477. 
 
 
Falko Schmidt 
 
Microscopic Engine Powered by critical Demixing 
 
During the last few decades much effort has gone into the miniaturization of machines 
down to the microscopic scale with robotic solutions indispensable in modern 
industrial processes and play a central role in many biological systems. There has 
been a quest in understanding the mechanism behind molecular motors and several 
approaches have been proposed to realize artificial engines capable of converting 
energy into mechanical work. These current micronsized engines depend on the 
transfer of angular momentum of light, are driven by external magnetic fields, due to 
chemical reactions or by the energy flow between two thermal reservoirs [1–4]. Here 
we propose a new type of engine that is powered by the local, reversible demixing of 
a critical binary liquid. In particular, we show that an absorbing, optically trapped 
particle performs revolutions around the optical beam because of the emergence of 
diffusiophoresis and thereby produces work. This engines is adjustable by the optical 
power supplied, the temperature of the environment and the criticality of the system.  
 
1. P. A. Quinto-Su, “A microscopic steam engine implemented in an optical tweezers”, Nat. Comm. 5, 
(2014).  
2. V. Blickle, C. Bechinger, “Realization of a micrometre-sized stochastic heat engine,” Nat. Phys. 8, 
143–146 (2012).  
3.I.A.MartinezBlickle,E.Roldan,L.Dinis,D.Petrov,J.M.R.Parrondo,R.A.Rica,“BrownianCarnotengine,” 
Nat. Phys. 12, 67–70 (2016).  
4. S. L. Neale, M. P. MacDonald, K. Dholakia, and T. F. Krauss, “All- optical control of microfluidic 
components using form birefringence,” Nat. Mat. 4, 530–533 (2005). 
 



 
Aykut Argun 
 
Non-Boltzmann stationary distributions and nonequilibrium relations in active 
baths 
 
Most natural and engineered processes, such as biomolecular reactions, protein 
folding, and population dynamics, occur far from equilibrium and therefore cannot be 
treated within the framework of classical equilibrium thermodynamics. Here we 
experimentally study how some fundamental thermodynamic quantities and relations 
are affected by the presence of the nonequilibrium fluctuations associated with an 
active bath. We show in particular that, as the confinement of the particle increases, 
the stationary probability distribution of a Brownian particle confined within a 
harmonic potential becomes non-Boltzmann, featuring a transition from a Gaussian 
distribution to a heavy-tailed distribution. Because of this, nonequilibrium relations 
(e.g., the Jarzynski equality and Crooks fluctuation theorem) cannot be applied.We 
show that these relations can be restored by using the effective potential associated 
with the stationary probability distribution. We corroborate our experimental findings 
with theoretical arguments. 
 
 
Agnese Callegari 
 
Disorder-mediated crowd control in an active matter system 
 
Living active matter systems such as bacterial colonies, schools of fish and human 
crowds, display a wealth of emerging collective and dynamic behaviours as a result of 
far-from-equilibrium interactions. The dynamics of these systems are better 
understood and controlled considering their interaction with the environment, which 
for realistic systems is often highly heterogeneous and disordered. Here, we 
demonstrate that the presence of spatial disorder can alter the long-term dynamics in a 
colloidal active matter system, making it switch between gathering and dispersal of 
individuals. At equilibrium, colloidal particles always gather at the bottom of any 
attractive potential; however, under non-equilibrium driving forces in a bacterial bath, 
the colloids disperse if disorder is added to the potential. The depth of the local 
roughness in the environment regulates the transition between gathering and dispersal 
of individuals in the active matter system, thus inspiring novel routes for controlling 
emerging behaviours far from equilibrium[1]. [1] E. Pince, S. K. P. Velu, A. 
Callegari, P. Elahi, S. Gigan, G. Volpe, and G. Volpe, Nat. Commun. 7, 10907 (2016) 
 
 
Saga Helgadottir 
 
Motion of Bio-hybrid Microswimmers in Optical Potentials 
 
The efficient self-propulsion of bacteria has inspired the development of bacterial-
based bio-hybrid microswimmers. These are realized by integrating bacteria with 
artificial elements, which has potential medical applications such as transport, 
sensing, and manipulation [1,2]. The microswimmers developed here are in the form 
of micron-sized silica Janus spheres (3 µm diameter), coated from one side with gold 



caps (30 nm thickness) and bacteria attached to the gold side. The partial gold coating, 
and subsequent selective bacterial coverage, leads to a directional propulsion of the 
microswimmer. The bacteria are attached to the spheres through membrane–protein 
binding to a biotin–streptavidin coating of the Janus spheres, where the difference in 
the binding affinity of streptavidin to silica and gold allows for only the gold-coated 
area to be functionalized with streptavidin [3]. The behavior of the bio-hybrid 
microswimmers is studied in a simple harmonic optical potential, as well as in more 
complex optical potentials using speckle light fields [4,5]. The displacement of the 
microswimmers is compared to the diffusion length of the Janus spheres without 
bacterial adhesion to confirm that the displacement is due to bacteria propulsion, not 
to Brownian motion.  
 
Z. Hosseinidoust, et al. Advanced Drug Delivery Reviews 106, 27-44 (2016).  
C. Bechinger, et al. Reviews of Modern Physics 88, 045006 (2016).  
P. M. Wolny, J. P. Spatz, and R. P. Richter. Langmuir 26, 1029-1034 (2009).  
E. Pince, et al. Nature Communications 7, 10907 (2016).  
P. H. Jones, O. M. Maragò, and G. Volpe. Cambridge University Press (2015). 
 
 
Sofia Allende 
 
TBA 
 
 
Parisa Rahmani 
 
Role of Interaction Networks in Robustness & Accuracy of Collective Motion 
 
 
 


