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Summary

The workshop was very successful meeting the expectations of speakers, participants, and 
organizers alike. All talks had a high standard reporting results from the frontier of research in an 
accessible way. Also the few but high-quality posters presented during the workshop contributed to 
the fine scientific level of the event. All speakers took part in the meeting and except for one stayed 
till the end.The intimate atmosphere permitted by the conference venue and the limited number of 
participants allowed an intense exchange of ideas and stimulated lively discussions. The conference 
programme with a somewhat longer lunch break and free evenings left ample time for thorough 
poster presentations and ongoing discussions in smaller groups. As planned the workshop took 
place at the Hanse-Wissenschaftskolleg in Delmenhorst with its unique combination of modern 
infra-structure and noble isolation. The local staff at the HWK did a marvelous job in supplying 
everything that was needed for a smooth course of the workshop. 



Description of the scientific content of the workshop

The focus of the workshop was on basic problems related to energy transformation at the nano-
scale, a problem of technical relevance as well as fundamental importance. Generators and motors
as well as cooling and heating systems of tiny size behave rather differently from their
macroscopic, everyday counterparts. The ubiquitous presence of thermal fluctuations with an 
energy comparable to that of the system itself makes the application of standard thermodynamical 
methods inappropriate. Instead, tools and techniques from stochastic thermodynamics that have 
been developed in the last 10-20 years are the suitable framework for a quantitative analysis of 
functionality and efficiency of these devices. In particular all attempts to optimize processes of 
energy conversion at the nano-scale will be ill-advised if they do not take into account strong 
fluctuation effects.

The scientific problems discussed at the workshop can be roughly grouped into four, 
interconnected categories: fundamental problems in stochastic thermodynamics, optimizing the 
performance of microscopic energy converters, experimental techniques in fluctuating 
thermodynamics, and concrete projects for stochastic nano-machines. 

1. Fundamental problems in stochastic thermodynamics
This topic was in particular represented by the talks of Seifert, Van den Broeck, Nieuwenhuizen and 
Parrondo. Udo Seifert gave a concise and up-to-date introduction to the whole field of stochastic 
thermodynamics on the basis of the impressive activity of his group during the last 5-10 years. His 
talk served as a perfect starting point for most of the other presentations. Chris Van den Broeck 
presented joint work with Massimiliano Esposito on new aspects of the second law of 
thermodynamics. Being the central ingredient for the characterization of the efficiency of 
macroscopic machines the precise meaning of the second law at the nano-level is of particular 
importance for all problems discussed at the meeting. Juan Manuel Parrondo presented a 
microcanonical realization of Szilards version of a Maxwell demon that raised interesting 
fundamental questions. Finally, Theo Nieuwenhuizen discussed some ideas on Brownian 
entanglement, a subject that first seemed to be somewhat outside the realm of the meeting but 
which turned out to be very near to central concepts in stochastic thermodynamics. 

2. Optimizing the performance of microscopic energy converters
This subject was mainly covered by the talks of Gaspard, Kawai, and Esposito. Similar as for 
macroscopic machines practitioners are not so much interested in maximal efficiency alone but at 
high efficiency at maximum power. Systems that need to run extremely slowly in order to reach 
their high efficiencies do not match the requirements of most applications. It is hence of foremost 
interest to find ways to optimize the power output of energy converting devices. With their 
discussion of different aspects of this problem and the connection to the laws of stochastic 
thermodynamics the three speakers therefore contributed to the very focus of the workshop.

3. Experimental techniques in fluctuating thermodynamics 
This point comprises the talks of Blickle, Ciliberto, Braun, and Grill. Valentin Blickle gave an 
overview over the experimental methods suitable to characterize the stochastic dynamics of 
colloidal systems. Several of the central notions and results of stochastic thermodynamics have 
been verified experimentally with the help of colloidal particles, optical tweezers and advanced 
video microscopy. Sergio Ciliberto gave an account on the investigations of fluctuation-dissipation 
relations in non-equilibrium situation performed in his laboratory over the last years. The classical 
fluctuation-dissipation theorem plays a crucial role in near-equilibrium situations. However, in 
trying to reach optimal performance of energy converters one often drives the systems strongly 



away from equilibrium, well outside the validity of linear response. It is therefore of great 
importance to monitor the deviations from traditional fluctuation-response relations and to verify 
the different generalizations that have been put forward in the framework of stochastic 
thermodynamics. A wide range of fluctuating nano-systems can be found in micro-biology. In fact 
the very problem of energy conversion in small systems bears directly on several important 
processes in biological cells. Dieter Braun and Stephan Grill gave with their talks an impressive 
insight into this fascinating field. As for macroscopic systems there are ample possibilities to learn 
from biology in order to find clever technical solutions. 

4. Concrete projects for stochastic nano-machines
This most applied subtopic of the workshop was covered by the talks of Linke and Rurali. Heiner 
Linke discussed general considerations for the setup of an synthetic protein motor. Riccardo Rurali 
presented results on the experimental realization of a linear motor based on carbon nano-tubes. 
Both contributions showed that the technical application of many of the ideas discussed during the 
workshop are indeed within reach of modern technology.

Connecting all of the above topics the talk by Christopher Jarzynski discussed possibilities to 
control and guide artificial molecular machines in their action. Inspired by examples from 
biological molecular complexes he used results from the theory of stochastic processes to give 
conditions for the occurrence of directed currents of energy or matter in general reaction networks 
and analyzed how these can be optimized by controlling external parameters.



Assessment of the results

Probably the most important result of the workshop was the intense exchange of ideas in the lively 
discussions during the whole course of the event. The field of stochastic thermodynamics is still 
young and may not yet be in its final form. At such times it is extremely important to bring together 
the leading experts of the field to compare and elucidate their different opinions and ways of 
thinking. Moreover some of the talks and posters concerned work that is not yet published and the 
authors have benefited from the feedback obtained in the various discussions. Of course also new 
scientific acquaintanceships were made and older ones were renewed. The workshop hence 
contributed to a strengthening of the scientific community in stochastic thermodynamics in Europe 
and beyond. Also, the concept of fellowships of the Hanse-Wissenschafts-Kolleg was introduced to 
some of the speakers and the organizers are quite optimistic that some of them will come back to 
Delmenhorst for between 3 and 12 months to study problems related to energy conversion at the 
nano-scale, together with their colleagues from Oldenburg, Osnabrück and Bremen.



Final programme of the meeting

Sunday, October 10

Arrival, gathering of participants in the hotel

Monday, October 11

09:15 – 09:45 Welcome

09:45 – 10:45 Udo Seifert: Optimization in stochastic thermodynamics

10:45 – 11:15 coffee break

11:15 – 12:00 Sergio Ciliberto: Fluctuation-dissipation in out-of-equilibrium systems

12:00 – 12:45 Pierre Gaspard: From loose to tight coupling between fluctuating 
transport processes

13:00 – 14:00 lunch

14:00 – 15:30 posters and discussion

15:30 – 16:00 coffee break

16:00 – 16:45 Valentin Blickle: Colloidal particles as probes for stochastic 
thermodynamics

16:45 – 17:30 Christian Van den Broeck: The three faces of the second law in 
stochastic thermodynamics

Tuesday, October 12 

09:00 – 10:00 Dieter Braun: Biomolecules in temperature gradients: From 
biotechnology to Darwinian evolution



10:00 – 10:45 Stephan Grill: Active forces and flows that drive cellular polarization

10:45 – 11:15 coffee break

11:15 – 12:00 Heiner Linke: Optimizing the design of a synthetic protein motor

12:00 – 12:45 Riccardo Rurali: Thermal nanomotor based on carbon nanotubes

13:00 – 14:00 lunch

14:00 – 15:30 posters and discussion 

15:30 – 16:00 coffee break

16:00 – 16:45 Theo Nieuwenhuizen: Brownian entanglement: Entanglement in 
classical Brownian motion

16:45 – 17:30 Massimiliano Esposito: Optimization of efficiency, Onsager symmetry, 
and the fluctuation theorem

19:00 conference dinner

Wednesday, October 13 

09:00 – 10:00 Christopher Jarzynski: Guiding the motion of artificial molecular 
machines

10:00 – 10:45 Juan Manuel Parrondo: Cooling classical particles with a 
microcanonical Szilard engine

10:45 – 11:15 coffee break

11:15 – 12:00 Ryoichi Kawai: Efficiency at maximum power in weak dissipation 
regimes

13:00 – 14:00 lunch

Departure



Participants



Abreu, David
II. Institut für Theoretische Physik
Universität Stuttgart
70550 Stuttgart
GERMANY
E-mail: abreu@theo2.physik.uni-stuttgart.de

Berger, Florian
Max Planck Institute of Colloids and Interfaces
14424 Potsdam
GERMANY
E-mail: florian.berger@mpikg.mpg.de

Blickle, Valentin, Dr.
2. Physikalisches Institut
Universität Stuttgart
70569 Stuttgart
GERMANY
E-mail: v.blickle@physik.uni-stuttgart.de

Boldt, Frank
Institut für Physik
Technische Universität Chemnitz
09126 Chemnitz
GERMANY
E-mail: frank.boldt@s2006.tu-chemnitz.de

Braun, Dieter, Prof. Dr.
Systems Biophysics
Ludwig Maximilians University
80799 München
GERMANY
E-mail: dieter.braun@lmu.de

Ciliberto, Sergio, Prof. Dr.
ELNSL de Lyon
69364 Lyon
FRANCE
E-mail: sergio.ciliberto@ens-lyon.fr

Cleuren, Bart, Dr.
University of Hasselt
3590 Diepenbeek
BELGIUM
E-mail: bart.cleuren@uhasselt.be

Eichhorn, Ralf
Nordic Institute for Theoretical Physics (Nordita)
10691 Stockholm
SWEDEN
E-mail: eichhorn@nordita.org

Einax, Mario, Dr.
Fachbereich Physik
Universität Osnabrück
49076 Osnabrück
GERMANY
E-mail: mario.einax@tu-ilmenau.de

Engel, Andreas, Prof. Dr.
Institut für Physik
Carl von Ossietzky Universität Oldenburg
26129 Oldenburg
GERMANY
E-mail: engel@theorie.physik.uni-oldenburg.de

Esposito, Massimiliano, Dr.
Center for Nonlinear Phenomena and Complex 
Systems
Free University of Brussels
1050 Brussels
BELGIUM
E-mail: mesposit@ulb.ac.be

Garai, Ashok, Dr.
Jacobs University Bremen
28759 Bremen
GERMANY
E-mail: ashok.garai@gmail.com

Gaspard, Pierre, Prof. Dr.
Center for Nonlinear Phenomena and Complex 
Systems
Free University of Brussels
1050 Brussels
BELGIUM
E-mail: gaspard@ulb.ac.be

Granger, Léo
Max-Planck-Institut für Physik komplexer 
Systeme
01187 Dresden
GERMANY
E-mail: granger@pks.mpg.de



Grill, Stephan, Dr.
Max-Planck-Institut für die Physik komplexer 
Systeme
01187 Dresden
GERMANY
E-mail: grill@pks.mpg.de

Hahn, Aljoscha, Dipl. Phys.
Institut für Theoretische Physik
TU-Berlin
10623 Berlin
GERMANY
E-mail: aljoscha.hahn@tu-berlin.de

Hellman, David
Institut für Physik
Carl von Ossietzky Universität Oldenburg
26129 Oldenburg
GERMANY
E-mail: david.hellmann@uni-oldenburg.de

Horowitz, Jordan M., Dr.
University of Maryland
Maryland 20742
USA
E-mail: jordanmhorowitz@gmail.com

Izumida, Yuki
Division of Physics
Hokkaido University
Sapporo 060-0810
JAPAN
E-mail: izumida@statphss.sci.hokudai.ac.jp

Jarzynski, Christopher, Prof. Dr.
Department of Chemistry and Biochemistry
University of Maryland
College Park, MD 20748
USA
E-mail: cjarzyns@umd.edu

Johansson, Jonas, Dr.
Solid State Physics
Lund University
22100 Lund
SWEDEN
E-mail: jonas.johansson@ftf.lth.se

Kawai, Ryoichi, Prof. Dr.
Department of Physics CH310
University of Alabama
Birmingham, AL 35294
USA
E-mail: kawai@uab.edu

Leonhardt, Karsten
Institut für Physik
Technische Universität Chemnitz
09126 Chemnitz
GERMANY
E-mail: karsten.leonhardt@s2005.tu-chemnitz.de

Lienau, Christoph, Prof. Dr.
Institut für Physik
Carl von Ossietzky Universität Oldenburg
26129 Oldenburg
GERMANY
E-mail: christoph.lienau@uni-oldenburg.de

Linke, Heiner, Prof. Dr.
Solid State Physics
Lund University
22100 Lund
SWEDEN
E-mail: heiner.linke@ftf.lth.se

Löber, Jakob
Institut für Theoretische Physik
TU Berlin
10623 Berlin
GERMANY
E-mail: jaloeber@gmx.de

Lutz, Eric, Dr.
Fachbereich Physik
Universität Augsburg
86135 Augsburg
GERMANY
E-mail: eric.lutz@physik.uni-augsburg.de

Mehl, Jakob
2. Physikalisches Institut
Universität Stuttgart
70569 Stuttgart
GERMANY
E-mail: j.mehl@physik.uni-stuttgart.de



Nickelsen, Daniel
Institut für Physik
Carl von Ossietzky Universität Oldenburg
26129 Oldenburg
GERMANY
E-mail: daniel.nickelsen@uni-oldenburg.de

Niemann, Markus
Institut für Physik
Carl von Ossietzky Universität
26111 Oldenburg
GERMANY
E-mail: markus.niemann@uni-oldenburg.de

Nieuwenhuizen, Theo M., Prof. Dr.
Institute for Theoretical Physics
University of Amsterdam
1090 GL Amsterdam
THE NETHERLANDS
E-mail: t.m.nieuwenhuizen@uva.nl

Parrondo, Juan Manuel, Prof. Dr.
Department de Física Atómica, Molecular y nuclear
Universidad Complutense de Madrid
28040 Madrid
SPAIN
E-mail: parrondo@fis.ucm.es

Reimann, Peter, Prof. Dr.
Universität Bielefeld
33615 Bielefeld
GERMANY
E-mail: reimann@physik.uni-bielefeld.de

Rurali, Riccardo, Prof. Dr.
Institut de Ciéncia de Materials de Barcelona
University of Barcelona
08193 Barcelona
SPAIN
E-mail: rrurali@icmab.es

Sabaß, Benedikt
II. Institut für Theoretische Physik
Universität Stuttgart
70569 Stuttgart
GERMANY
E-mail: sabass@theo2.physik.uni-stuttgart.de

Sagawa, Takahiro
Department of Physics
The University of Tokyo
Tokyo 113-0033
JAPAN
E-mail: sagawa@cat.phys.s.u-tokyo.ac.jp

Sahoo, Mamata, Dr.
Department of Theory and Biosystems
Max Planck Institute of Colloids and Interfaces
14424 Potsdam
GERMANY
E-mail: sahoo@mpikg.mpg.de

Seifert, Udo, Prof. Dr.
II. Institut für Theoretische Physik
Universität Stuttgart
70550 Stuttgart
GERMANY
E-mail: useifert@theo2.physik.uni-stuttgart.de

Sung, Wokyung, Prof.
Department of Physics
Pohang University of Science & Technology
Pohang 790-784
REPUBLIC OF KOREA
E-mail: wsung@postech.ac.kr

Van den Broeck, Christian, Prof. Dr.
University of Hasselt
3590 Diepenbeek
BELGIUM
E-mail: christian.vandenbroeck@uhasselt.be

Vasa, Parinda, Dr.
Institut für Physik
Carl von Ossietzky Universität Oldenburg
26129 Oldenburg
GERMANY
E-mail: parinda.vasa@uni-oldenburg.de

Won Kyu, Kim
Pohang University of Science & Technology
Pohang 790-784
REPUBLIC OF KOREA
E-mail: infinity@postech.ac.kr



Worbes, Ludwig
Institut für Physik
Carl von Ossietzky Universität Oldenburg
26129 Oldenburg
GERMANY
E-mail: ludwig.worbes@uni-oldenburg.de


