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9:45 Opening 

10:00
      

Ignacio A. Martinez  - UCM 
Faster than Nature : Engineered swift equilibration of a brownian particle

10:30
      

Javier M. Buldú  - URJC 
Functional brain networks: uses and misuses

11:00
     

Anxo Sánchez  - UC3M 
Pop-up citizen science: from behavioral phenotypes to climate change mitigation

11:30 Coffee Break

12:00
    

Álvaro Díaz Fernández  -  UCM
Tuning the Fermi velocity in band-inverted junctions

12:30
     

Jacobo Aguirre  - CNB 
Competition in complex networks: when the weak rule the strong

13:00
  

María Pereda - UC3M
Evolution of cooperation under social pressure in multiplex networks

13:30 Lunch

15:00 Chantal Valeriani - UCM
Morphology of clusters of attractive dry and wet self-propelled spherical particles

15:30
      

Luis Dinis - UCM 
Reversible feedback confinement 

16:00 Carlos Rascón - UC3M
Do all glasses empty when turned to the horizontal?

16:30 Coffee Break

17:00
     

Enrique Rodriguez - UC3M
Modelling and simulation of a viscous ultrathin ferrofluid film under a magnetic field

17:30
     

Juan Antonio García Martín - CNB
RNA inverse folding and synthetic design

18:00 Alberto Antonioni - UC3M
Drunk Game Theory

18:30 Closing remarks
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USEFUL INFORMATION

WHERE  Universidad Rey Juan Carlos, Campus of Móstoles. 
   Salón de Grados,  in the Departamental II building (1st Floor)

HOW TO REACH

By train: Estación: Móstoles - El Soto C-5. Renfe Cercanías

By Metro: Estación: Universidad Rey Juan Carlos. L-12.

By bus: Autobuses Blas & CIA, L-522, 523, 525, 526 y 529H 

             GPS: Lat: 40.335913308819116,  Lng:-3.8732171058654785. 

   You can park inside the campus (see the parking areas in the picture) 

LUNCH  will be served at the staff restaurant  of the Campus (Biblioteca building), 

  6.55 euros (simple menu), or  8.55 euros (special menu).

DINNER Restaurante Tanteo, c/Castelló 104  (yes, again). 

  Metro stations: Núñez de Balboa, Diego de León and Avda. de América. 

  Time: 21:30 h. 

   Price: 25 €, fixed price, all included.   
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ABSTRACTS

10:00  Faster than Nature : Engineered swift equilibration of a brownian particle

Ignacio A. Martinez  - UCM 

A fundamental and intrinsic property of any device or natural system is its relaxation time
τrelax, which is the time it  takes to return to equilibrium after the sudden change of a
control  parameter. Reducing τrelax  is frequently necessary, and is often obtained by a
complex feedback process. To overcome the limitations of such an approach, alternative
methods based on suitable driving protocols have been recently demonstrated, for isolated
quantum  and  classical  systems.  Their  extension  to  open  systems  in  contact  with  a
thermostat  is  a  stumbling  block  for  applications.  Here,  we  design  a  protocol,  named
Engineered Swift Equilibration (ESE), that shortcuts time-consuming relaxations, and we
apply it  to a Brownian particle trapped in an optical potential whose properties can be
controlled in time. We implement the process experimentally, showing that it allows the
system to reach equilibrium 100 times faster than the natural equilibration rate. We also
estimate the increase of the dissipated energy needed to get such a time reduction. The
method paves the way for applications in micro- and nano-devices, where the reduction of
operation time represents as substantial a challenge as miniaturization.

[1] Martínez, Petrosyan, Guéry-Odelyn,  Trizac and Ciliberto. Engineered swift  equilibration of a
Brownian particle. Nat. Physics 12, 843–846 (2016)

[2] Le Cunuder, Martínez, Petrosyan, Guéry-Odelyn, Trizac and Ciliberto. Fast equilibrium switch of
a micro mechanical oscillator. App. Phys. Letters 109 (11) (2016).

10:30   Functional brain networks: uses and misuses

Javier M. Buldú - URJC

In this seminar I will talk about how to project the dynamical interactions between brain
regions into a functional network. First, I will overview what are the main risks of using
Network Science for analysing datasets obtained from different brain imaging techniques.
Second, I will explain my experience when constructing (functional) multilayer networks
whose layers represent the significant frequency bands at which the brain is supposed to
operate. More specifically, I will talk about what are the consequences of considering the
brain as a multiplex network instead of using a full multilayer description where all brain
regions  may  interact  between  them  at  any  frequency  band.  We  will  see  how  the
heterogeneity and the percentage of missing inter-layer links crucially modify the spectral
properties  of  the  multilayer  network,  namely  the  second  smallest  eigenvalue  of  the
Laplacian matrix. Both numerical simulations together with the analysis of real datasets
obtained  from  resting-state  magnetoencephalographic  recordings  reveal  that  the
construction of frequency-based multilayer brain networks is far from being a trivial task.
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11:00  Pop-up citizen science: from behavioral phenotypes to climate change
     mitigation

Anxo Sánchez  - UC3M 

Citizen science is a quickly-developing contribution to the research effort in different fields.
It  offers  researchers access to otherwise unavailable resources,  understood in  a wide
sense, and at the same time it provides an excellent opportunity to engage citizens with
science  and  fight  science  illiteracy  and  denialism.  In  this  talk,  I  will  discuss  how this
approach is becoming increasingly important in computational social science. In order to
understand society, the complex systems paradigm tells us that we need to know how
people interact with each other, and therefore it is clear that input from citizens is needed.
Int  his  context,  citizen science helps overcome the standard practices in  experimental
social science to reach a wider diversity of experimental subjects. To illustrate these ideas,
I will present results from two experiments carried out at the DAU fair in Barcelona, where
we studied the consistency of people's behavior across socially different situations and the
climate  change  mitigation  problem.  Along  the  way,  I  will  also  mentioned  relevant
considerations from a practical viewpoint.

11:30   COFFEE BREAK

12:00  Tuning the Fermi velocity in band-inverted junctions

Álvaro Díaz Fernández  -  UCM

Topological phases of matter are often characterized by edge states, which were already
known  to  occur  at  the  boundary  of  a  band-inverted  junction  in  semiconductor
heterostructures. In IV-VI compounds such edge states are properly described by a two-
band model, predicting the appearance of a Dirac cone in single junctions. We study the
quantum-confined Stark effect of edge states due to an electric field perpendicular to a
band-inverted junction. We show that the Dirac cone widens under an applied bias and
thus the Fermi velocity can be substantially lowered even at moderate fields. This paves
the way for tunable band engineering based on band-inverted junctions.

12:30   Competition in complex networks: when the weak rule the strong

Jacobo Aguirre - CNB

In this work we use network science and game theory to explore interactions in networks-
of-networks and model these as a game for gaining importance [1]. In our study, networks
compete  for  centrality, a  quantity  used  to  represent  resources,  infection  probability  or
genomic  diversity  in  biological  systems,  number  of  clients  in  economical  networks,
knowledge in professional or scientific networks, etc. 

We  propose  a  novel  viewpoint  where  networks  choose  the  connection  strategies,  in
contrast with classical approaches where nodes are the active players. Specifically, we
investigate how creating paths between networks leads to different Nash equilibria that
determine their structural and dynamical properties. In a wide variety of cases, selecting
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adequate  connections  leads  to  a  cooperative  solution  that  allows  weak  networks  to
overcome the strongest  opponent.  Counterintuitively, each weak network can induce a
global  transition  to  such  cooperative  configuration  regardless  of  the  actions  of  the
strongest network. This unexpected power of the weak reveals a critical dominance of the
underdogs in the fate of networks-of-networks.

[1] J. Iranzo, J.M. Buldú & J. Aguirre, Competition among networks highlights the power of the
weak, Nature Communications 7, 13273, 2016.

13:00   Evolution of cooperation under social pressure in multiplex networks

              María Pereda - UC3M

In this work, we aim to contribute to the understanding of human prosocial behavior by
studying the influence that a particular form of social pressure, “being watched,” has on
the evolution of cooperative behavior. We study how cooperation emerges in multiplex
complex topologies by analyzing a particular bidirectionally coupled dynamics on top of a
two-layer  multiplex  network  (duplex).  The  coupled  dynamics  appears  between  the
prisoner’s dilemma game in a network and a threshold cascade model in the other. The
threshold model is intended to abstract the behavior of a network of vigilant nodes that
impose the pressure of  being observed altering hence the temptation to defect  of  the
dilemma. Cooperation or defection in the game also affects the state of a node of being
vigilant. We analyze these processes on different duplex networks structures and assess
the influence of the topology, average degree and correlated multiplexity, on the outcome
of  cooperation.  Interestingly, we  find  that  the  social  pressure  of  vigilance may impact
cooperation positively or negatively, depending on the duplex structure, specifically the
degree correlations between layers is determinant.  Our results give further quantitative
insights in the promotion of cooperation under social pressure.

13:30  LUNCH

15:00   Morphology of clusters of attractive dry and wet self-propelled spherical
particles

Chantal Valeriani - UCM

In  order  to  assess  the  effect  of  hydrodynamics  in  the  assembly  of  active  attractive
spheres,  we  simulate  a  semi-dilute  suspension  of  attractive  self-propelled  spherical
particles  in  a  quasi-two  dimensional  geometry  comparing  the  case  with  and  without
hydrodynamics interactions. To start with, independent of the presence of hydrodynamics,
we observe that depending on the ratio between attraction and propulsion, particles either
coarsen or aggregate forming finite-size clusters. Focusing on the clustering regime, we
characterize two different cluster parameters,i.e. their morphology and orientational order,
and compare the case when active particles behave either as pushers or pullers (always in
the regime where inter-particle attractions compete with self-propulsion). Studying cluster
phases for squirmers with respect to those obtained for active Brownian disks (indicated
as ABPs), we have shown that hydrodynamics alone can sustain a cluster phase of active
swimmers  (pullers),  while  ABPs  form cluster  phases  due  to  the  competition  between
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attraction and self-propulsion. The structural properties of the cluster phases of squirmers
and  ABPs  are  similar,  although  squirmers  show  sensitivity  to  active  stresses.  Active
Brownian disks resemble weakly pusher squirmer suspensions in terms of cluster size
distribution, structure of the radius of gyration on the cluster size and degree of cluster
polarity.

15:30   Reversible feedback confinement

Luis Dinis - UCM

We present a feedback protocol that is able to confine a system to a single micro-state
without heat dissipation. The protocol adjusts the Hamiltonian of the system in such a way
that the Bayesian posterior distribution after measurement is in equilibrium. As a result, the
whole process satisfies feedback reversibility —the process is indistinguishable from its
time reversal— and assures the lowest possible dissipation for confinement. In spite of the
whole  process  being  reversible  it  can  surprisingly  be  implemented  in  finite  time.  We
illustrate the idea with a Brownian particle in a harmonic trap with increasing stiffness and
present  a general  theory of  reversible feedback confinement for  systems with discrete
states [1].

[1]   L. Granger, L. Dinis, J. M. Horowitz and J. M. R. Parrondo.  Europhysics Letters  115,  50007
(2016). 

16:00   Do all glasses empty when turned to the horizontal?

Carlos Rascón - UC3M

When a capillary is half-filled with liquid and turned to the horizontal, the liquid may flow
out of the capillary or remain in it. For lack of a better criterion, the standard assumption is
that the liquid will remain in a capillary of narrow cross-section, and will flow out otherwise.
Here,  we  present  a  precise  mathematical  criterion  that  determines  which  of  the  two
outcomes  occurs  for  capillaries  of  arbitrary  cross-sectional  shape,  and  show that  the
standard assumption fails for certain simple geometries, leading to very rich and counter-
intuitive behaviour. This opens the possibility of creating very sensitive microfluidic devices
that  respond readily  to  small  physical  changes,  for  instance,  by triggering the sudden
displacement of fluid along a capillary without the need of any external pumping.

16:30   COFFEE BREAK

17:00  Modelling and simulation of a viscous ultrathin ferrofluid film under a 
        magnetic field

Enrique Rodríguez - UC3M

Ordered patterns are well known to form on the surfaces of ferrofluid films at macroscopic
scales in presence of an external magnetic field. This pattern formation process has been
already  explained  theoretically  in  terms  of  the  Rosensweig  instability  [1]  and  studied
numerically through a combination of the Navier-Stokes and Maxwell’s equations [2]. The
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objective of  our work is  to carry this problem to nanoscopic scales,  by describing the
dynamic behaviour of a very thin ferrofluid film under a constant magnetic field under the
lubrication  approximation  in  viscous  regime  [3,4].  In  the  microscopic  context,  the
interaction between the fluid and the substrate (disjoining pressure) needs to be taken into
account. In our case, we consider a form for the disjoining pressure potential which, within
a linear stability analysis, is able to provide a narrow interval of unstable Fourier modes
that could lead to the formation of an ordered pattern similar to the macroscopic one. We
will discuss the derivation of the effective surface equation and some numerical results.

[1] M. D. Cowley and R. E. Rosensweig, J. Fluid Mech. 30 671 (1967).

[2] C. Gollwitzer, G. Matthies, R. Richter, I. Rehberg and L. Tobiska, J. Fluid Mech. 571 455 (2007).

[3] D. T. Conroy and O.K. Matar, Phys. Fluids 27 092102 (2015).

[4] I. Seric, S. Afkhami and L. Kondic, J. Fluid Mech. 755 R1 (2014).

17:30   RNA inverse folding and synthetic design

Juan Antonio García Martín – CNB

Synthetic  biology  currently  is  a  rapidly  emerging  discipline,  where  innovative  and
interdisciplinary work has led to promising results. Synthetic design of RNA requires novel
methods to study and analyze known functional molecules, as well as to generate design
candidates that have a high likelihood of being functional. In contrast to RNA folding, which
consists on finding the minimum free energy (MFE) structure for a given sequence, RNA
inverse  folding  algorithms  deal  with  the  more  complex  problem  of  finding  sequences
whose MFE structure is a given target structure, which is key for the computational design
of functional RNA molecules.

This  talk is focused on the applications of  RNAiFold,  a novel constraint  programming-
based algorithm of  RNA inverse folding for  the design of  synthetic  RNAs with unique
design capabilities. In contrast to previous strategies based on algorithms which can only
produce  a  small  subset  of  solutions,  our  approach  is  to  generate  a  large  number  of
sequences whose MFE structure is identical to the target design structure and comply with
specific design requirements, and subsequently filter with respect to different criteria in
order  to  select  the  most  promising  candidates  for  biochemical  validation.  Using  this
methodology we designed and validated synthetic hammerhead ribozymes, moderately
active thermo-IRES regulators and promising candidates of RNA molecular scissors.

18:00   Drunk Game Theory

Alberto Antonioni – UC3M

Drunk Game Theory (DGT) presents a new framework for  individual  perception-based
games, where payoffs change according to player's previous experience. We introduce
DGT  with  the  narrative  of  two  individuals  in  a  pub  choosing  independently  and
simultaneously between two possible actions: offering (cooperating) or not (defecting) a
round  of  drinks.  The  payoffs  of  these  interactions  are  perceived  by  individuals  as  a
function of their current states and they evolve according to the outcome of the player's
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previous  interactions.  We  use  evolutionary  game  theory  to  model  the  evolution  of
cooperation  within  well-mixed  and  structured  populations.  We  observe  non-trivial
dynamics  in  both  the  fraction  of  cooperators  and  the  individual  perceptions  when
cooperators and defectors dynamically coexist over time.


