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Introduction

This mini-symposium brings together researchers working at the frontier between statistical physics, soft
matter, and complex systems — the natural intersection of the scientific scopes of The European Physical Journal
B (EPJB) and The European Physical Journal E (EPJE). Hosted at the Enrico Fermi Research Center (CREF) in Rome
on the occasion of the joint editorial board meetings of the two journals, the event reflects a shared conviction:
that very exciting physics lives precisely at the boundaries between disciplines.

The talks span a rich intellectual continuum — from thermal fluctuations in supercritical fluids and mesoscopic
hydrodynamics, to slow collective dynamics in soft and glassy matter, to renormalization theory in
heterogeneous networks. Deeply connected questions recur throughout: How do microscopic, stochastic, and
often small-amplitude processes give rise to robust macroscopic behaviour? How do we coarse-grain complex,
heterogeneous systems without losing essential physics? And how do non-equilibrium conditions —
temperature gradients, aging, critical proximity — reshape the landscape of collective dynamics?

EPJB and EPJE together cover this continuum. This symposium brings together talks situated in that shared space
— one in which a renormalization group for brain networks, a nucleation event in a metastable fluid, and a slow
relaxation mode in a polymer film all concern the same deep physics. The meeting also provides an opportunity
to discuss the future of publishing in these fields: how journals can actively shape emerging communities, foster
interdisciplinary dialogue, and support the kind of science presented here.

Part 1 — Opening Welcome and Scientific Talks

Institutional Welcome

Prof. Angela Bracco
President, CREF and Italian Physical Society

Prof. Angela Bracco opened the event with a welcome address on behalf of the
Enrico Fermi Research Center. She has served as President of the Nuclear Physics
Board of INFN, member of the European Collaboration Committee for Nuclear
Physics (NuPECC), member of the Executive Board of the European Physical Society
(EPS), and member of the International Affairs Committee of the American Physical
Society (APS).



https://link.springer.com/journal/10051
https://link.springer.com/journal/10189
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Scientific Introduction

Prof. Reinhold Egger

co-Editor-in-Chief, EPJB — Heinrich-Heine-Universitdt Diisseldorf

Full professor of theoretical physics since 2001. His work spans nonequilibrium quantum
transport, topological quantum matter, superconductivity and low-dimensional quantum field

theory. Member of the EPJB board since 2011. Recipient of the Gerhard-Hess-Preis (DFG) and the
Physics Prize of the Akademie der Wissenschaften zu Géttingen.

Prof. Egger welcomed participants to the joint EPJB—EPJE editorial board meeting, framing the event around the
shared scientific landscape of the two journals. He identified three connecting questions running through all the
talks: how microscopic fluctuations give rise to macroscopic behaviour, how complex systems can be described
across scales, and how non-equilibrium conditions shape collective dynamics. He also noted that the symposium
would offer an opportunity to reflect on the future of scientific publishing and the role of journals in fostering
interdisciplinary exchange.

Prof. Fabrizio Croccolo
Editor-in-Chief, EPJE — Université de Pau et des Pays de I’Adour

Full Professor at the Laboratoire des Fluides Complexes et leurs Réservoir since
2023, where he holds the CO2ES Industrial Chair. His research focuses on optical
instruments for investigating transport properties in complex fluids by means of
non-equilibrium fluctuations. He has been involved in several experiments in
reduced gravity with ESA and CNES. Editor-in-Chief of EPJE since 2020.

Prof. Croccolo thanked the organisers for bringing the two communities together and emphasised that statistical
and condensed-matter physics share common underlying principles across many different domains — citing
Brunt—Vaisala oscillations as a phenomenon that recurs in both complex fluids and astrophysical contexts.

Scientific Talks

Talk 1 — Prof. Fabrizio Croccolo
Looking inside the Widom region: nonequilibrium stratification in supercritical CO,

The supercritical state of matter is usually described as a continuous phase without sharp boundaries between
liquid and gas regions. However, under non-equilibrium conditions, this view breaks down. An experimental
investigation using shadowgraphy reveals spontaneous stratification of supercritical CO, subjected to a
stabilising temperature gradient into distinct layers, separated by transition regions where thermodynamic
properties vary dramatically. These signatures are particularly evident when the system crosses the Widom lines
— loci of the extrema of the response function in the supercritical domain. The intermediate scattering function
of temperature fluctuations highlights Brunt—Vaisald oscillations at multiple frequencies, arising from the
coupling of thermal and viscous modes under gravity. These findings suggest that the Widom region cannot be
described as a homogeneous phase, but rather as a dynamic assembly of phase-like behaviours, challenging the
applicability of classical thermodynamics in non-equilibrium supercritical regimes.
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Talk 2 — Dr. Mirko Gallo
Fluctuating Hydrodynamics as a Mesoscopic Description of Fluid Systems

Dr. Mirko Gallo
Associate Professor, Sapienza University of Rome

Associate Professor of Fluid Mechanics, Department of Mechanical and
Aerospace Engineering, Sapienza University of Rome, and Fellow of the
Sapienza School of Advanced Studies. His research focuses on mesoscale
modelling of fluids, integrating fluid mechanics, statistical mechanics,
applied mathematics, high-performance computing, and soft-matter
physics. Recipient of the AIMETA Junior Prize for Fluid Mechanics (2022)
and an ERC Starting Grant (2024).

Fluctuating hydrodynamics is a mesoscopic framework that extends classical continuum fluid mechanics by
incorporating thermal noise, bridging microscopic molecular fluctuations and macroscopic transport
phenomena. The talk presented its application to fluid systems across different regimes and scales, with
emphasis on transport and diffusion phenomena and on phase-change processes such as boiling, cavitation, and
condensation, where rare thermally activated events trigger macroscopic transformations. Combined with rare-
event methods and large deviation theory, fluctuating hydrodynamics enables prediction of nucleation
pathways, onset conditions, and transition rates in metastable fluids.

Talk 3 — Prof. Simone Napolitano
Tiny Movements, Big Change: When Collective Small Displacements Control Flow and Aging in Soft Matter

Prof. Simone Napolitano

Professor of Experimental Soft Matter Physics, Université libre de
Bruxelles

Professor at ULB, where he established the Laboratory of Polymer and Soft
Matter Dynamics and co-founded the Laboratory of Experimental Soft
Matter and Thermal Physics. MSc in Materials Science, University of Pisa
(2005); PhD in Polymer Physics, KU Leuven (2007). His group studies
molecular mobility in polymers and small organic molecules, clarifying how
microscopic motion gives rise to macroscopic relaxation and non-equilibrium
phenomena. Member of the EPJE Editorial Board.

Many relaxation processes in soft materials follow a temperature dependence decoupled from structural (a-)
relaxation, attributed to the slow Arrhenius process (SAP) — the experimental signature of collective small
displacements (CSD): localised, coordinated motions of limited amplitude. A predictive framework combining
this mechanism with a statistical-mechanical description of intermolecular interactions links molecular-scale
dynamics to macroscopic relaxation rates from equilibrium measurements alone, without free parameters. It
has been validated across pharmaceutical compounds, biological membranes, and semiconductor surfaces. A
key result is that physical aging in the glassy state and viscous flow at high temperature share the same thermal
barrier, suggesting a unified picture of slow dynamics in soft and disordered matter.
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Talk 4 — Dr. Pablo Villegas
Toward a renormalization theory of multiscale organization in complex systems

Dr. Pablo Villegas
Research Scientist, Enrico Fermi Research Center (CREF), Rome

His research lies at the interface of statistical physics and complex systems, focusing
on a geometric framework for renormalization in structured and heterogeneous
systems through the Laplacian Renormalization Group. His work connects multiscale
theory with data-driven analysis across neuroscience, ecology, epidemic dynamics,
and artificial intelligence.

Many natural systems are intrinsically multiscale, yet an equivalent renormalization approach for
heterogeneous, networked systems remains largely missing. This talk presented a spectral renormalization
framework based on the Laplacian Renormalization Group (LRG), enabling principled coarse-graining of
heterogeneous structures while preserving their dynamical and geometrical properties. Applied to functional
brain networks, multiscale coarse-graining reveals hidden inter-subject variability; in ecological systems, scale-
dependent organization constrains collective dynamics. These results indicate that multiscale structure is a
central organizing principle of complex systems, calling for a renormalization-based theoretical description.

Part 2 — General Open Discussion

Dr. Philipp Hovel
co-Editor-in-Chief, EPJB — Saarland University

Trained mathematician and physicist, currently scientific coordinator of the
Center of Biophysics at Saarland University. His research addresses
interdisciplinary questions at the overlap of nonlinear dynamics, network
science, and control theory. Editor-in-Chief of EPJB since 2025, in charge of the
section on Statistical and Non-Linear Physics.

Dr. Hovel opened the panel by inviting the four speakers onto the stage for an unscripted discussion, structuring
the 45 minutes into three progressive segments: research questions, publishing questions, and the challenge of
Al. He emphasised that he was looking for personal, ad hoc perspectives, and that the audience was fully invited
to participate.

The panel on stage at CREF Audience participation during the discussion
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Research Questions

On the equilibrium/non-equilibrium boundary (Croccolo): The first question addressed unresolved bridges
between microscopic fluctuations and macroscopic collective behaviour. Croccolo identified the limits of validity
of the local equilibrium hypothesis as his central open question — a hypothesis, not a theorem, whose limits
can be probed experimentally with precision. Interesting physics arises even close to first-order phase
transitions, where non-equilibrium aspects are embedded within apparently equilibrium formulations. A brief
exchange followed on the theory/experiment relationship: the cleanliness of theory was contrasted with the
complexity of well-controlled experiments, with the conclusion that strange experimental results are always
physics, never to be dismissed.

On conceptual unification across fields (Villegas): Hovel asked Villegas where he saw the best opportunities for
conceptual unification between complex networks, soft matter, and hydrodynamics. Villegas pointed to the
understanding of non-ergodic phenomena and phase transitions as a shared goal, and stressed the value of
exposing students to real empirical datasets and data-driven problems, as a way to confront theoretical ideas
with the complexity and limitations of real systems.

On the need for new theoretical frameworks (Gallo, Napolitano): Gallo argued that new frameworks are
genuinely needed: even apparently simple engineering problems such as heat extraction cannot be properly
understood without tools like the dynamical renormalization group applied on top of fluctuating
hydrodynamics. Napolitano broadly agreed but with a nuance: most of the necessary physics is already there;
what is missing is a reformulation of existing frameworks to address the right questions, illustrated by the case
of lipid bilayers treated through a generalised approach with additional predictive power.

On connecting statistical physics and nonlinear dynamics (audience, Sarika): An audience contribution raised
the question of why surprisingly little work connects phase transitions in statistical physics to their equivalents
in nonlinear dynamics — bifurcations (saddle-node, subcritical pitchfork, etc.). Noise was identified as the crucial
missing ingredient: demographic noise directly determines universality classes by driving absorbing/active
phase transitions. Bridging these two languages was identified as a very promising research direction.

Publishing Questions

On journal visibility: The panel discussed concretely how to make EPJB/EPJE content more visible. Suggestions
included careful keyword choice in titles and abstracts, and the practical model of a journal club where one
member scans an entire journal's table of contents weekly on behalf of the group. It was noted that prestige
journals self-reinforce through citation visibility, while solid but less-cited work risks being structurally
overlooked regardless of quality.

On social media: LinkedIn was highlighted as an effective tool for reaching broader audiences, including
journalists and policymakers. Al-assisted content creation was mentioned as a way to scale this effort without
disproportionate time investment.

On the historical mission of journals: The founding of the Journal de Physique — one of EPJ's predecessor
journals, created by researchers including Marie Curie as a vehicle for spreading scientific ideas, not merely
archiving results — was invoked to reframe the discussion. Journals should aim for community-shaping rather
than just reporting results. The EPJE 25th-anniversary topical collection — commissioning commentaries on
landmark papers in the journal's history — was cited as a successful example. A similar initiative is under
consideration for the EPJB portfolio's 30th anniversary in 2028.



https://link.springer.com/collections/ccbeffdhca
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On the future of scientific publishing (5—10 years): Closing remarks converged on several wishes: less quantity
and more quality of publications; fewer duplicative journals; a reformed peer-review system in which editors
exercise more independent scientific judgement rather than mechanically averaging reviewer scores; and
changes to researcher evaluation metrics, since career and funding pressures are seen as the primary drivers of
over-publication.

The Challenge of Al

On Al in research and publishing: The most extended closing exchange concerned the uncertain role of Al.
Panelists agreed that the community — scientists, publishers, and institutions together — urgently needs clear
guidelines on what constitutes legitimate use of Al in research, since current definitions are too vague and
inconsistently applied. Responsible use of Al should become part of scholarly training. This was identified as a
topic significant enough to warrant its own dedicated workshop.
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