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Titles and Abstracts

Mikhail A. Anisimov (University of Maryland)

Title: Degenerate Fluid Polyamorphism
Abstract: Fluid polyamorphism is the existence of multiple fluid-fluid phase transitions in a single-component substance. It can occur due to interconversion between two alternative molecular or supramolecular states. In a recently published work [1], a special (“degenerate”) case of fluid polyamorphism was investigated, in which all three characteristic parameters of the interconversion equilibrium constant, i.e. the changes of energy, entropy, and volume of reaction, are zero. This feature of interconversion is typical for the Ising spin model of ferromagnets but is also observed in a polyamorphic chiral fluid mixture of interconverting enantiomers. which generally demonstrates the existence of both liquid-gas and liquid-liquid transitions. By tuning the interaction parameters of a symmetrical binary lattice with degenerated interconversion of species [2], we demonstrated that a coupling between the fraction of interconversion (a vector-like nonconserved order parameter) and the total density (a scalar conserved order parameter) could produce a symmetrical tricritical point [3]. At this point, the line of second-order transitions (“lambda line”) between two fluids, “disordered” (with 50:50 interconversion) and “ordered” (with temperature and pressure dependent interconversion fraction), is terminated by first-order transitions between the fluid states. This point exhibits the typical features of symmetrical tricritical points as observed in a superfluid mixture of helium isotopes, some mixtures of liquid crystals, and magnetic materials [3,4].
References:
[1] M. Anisimov, S. Buldyrev, F. Caupin, and T. Longo, J. Phys. Chem. B, 129, 6049 (2025).
[2] F. Caupin and M. Anisimov, Phys. Rev. Lett. 2021, 127, 185701.
[3] I. Lawrie and S. Sarbach, Theory of tricritical points, in Phase Transitions and Critical Phenomena (C. Domb and M. S. Green, eds.), vol. 9, Academic Press, 1984.
[4] Anisimov, M. A.; Longo, T. J. Mesoscopic Thermodynamics for Scientists and Engineers; Wiley, 2024.

Sergey Buldyrev (Yeshiva University)
Title: Thank you: My life in Physics

Feng Ding (Clemson University)

Title: Amyloid Aggregation and Liquid-Liquid Phase Separation as Protein Phase Transitions
Abstract: Amyloid aggregation refers to the aberrant self-assembly of peptides into ordered fibrils with cross-β spine cores, a process associated with numerous neurodegenerative diseases and type 2 diabetes. Recent studies have shown that many amyloidogenic peptides undergo liquid–liquid phase separation (LLPS)—a biological mechanism critical for the compartmentalization of biomolecules in cells—prior to fibril formation. Understanding the interplay between LLPS and amyloid aggregation, particularly the role of oligomers, is essential for elucidating disease mechanisms and mitigating amyloid toxicity. By analogy to thermodynamic phase transitions among gas, liquid, and solid states, one can infer a phase diagram comprising protein monomer, droplet, and fibril states separated by coexistence lines. Due to the high free-energy barrier of fibrillization, which kinetically delays nucleation of fibril seeds from droplets, a “hidden” monomer–droplet coexistence line extends into the fibril region. Amyloid aggregation can thus be described as the equilibration from an initial homogeneous solution of monomers (an “out-of-equilibrium” state) to the final equilibrium of stable fibrils coexisting with monomers and/or droplets, with metastable or stable droplets as intermediates. This framework enables the construction of a unified thermodynamic–kinetic model describing both LLPS and fibrillization of amyloidogenic proteins.

Nikolay V. Dokholyan (University of Virginia) 
Title: Early Events in Neurodegeneration
Abstract: TBA

Giancarlo Franzese (University of Barcelona)  
Title: Water and friends
Abstract: In 1999, I met Sergey and started sharing with him a journey that led me to explore fascinating territories. Sometimes we explored together, while other times I knew he was charting a nearby path. In all cases, I was aware that he was helping me find the best way to understand intriguing phenomena—from water and anomalous liquids to proteins and liquid-liquid phase separation. Along the way, I discovered the most valuable treasure: friendship.
[1] G. Franzese, G. Malescio, A. Skibinsky, S.V. Buldyrev, and H. E. Stanley, Generic mechanism for generating a liquid-liquid phase tran- sition, Nature 409, 692 (2001)
[2] S.V. Buldyrev, and G. Franzese, Two types of dynamic crossovers in a network-forming liquid with tetrahedral symmetry, Journal of Non-Crystalline Solids 407, 392 (2015)
[3] J. Wedekind, L. Xu, S. V. Buldyrev, H. E. Stanley, D. Reguera and G. Franzese, Optimization of crystal nucleation close to a metastable fluid-fluid phase transition, Scientific Reports 5, 11260 (2015)
[4] L. Coronas, S. Timr, F. Sterpone, and G. Franzese, Unveiling the entropic role of hydration water in SOD1 partitioning within FUS condensate, submitted (2025).

Anatoly Frenkel (Stony Brook University)

Title: Decoding Reactive Structures in Catalysts from their Spectra with Neural Networks
Abstract: TBA

Paola Gallo (Università Roma Tre and Northeastern University)

Title: Liquid liquid critical point and dynamic crossovers of water in solutions
Abstract: I will show selected molecular dynamics simulation results of water in solutions with ions [1,2], bio-protectants [3,4] and hydrophobic particles [5,6,7] upon supercooling. Modifications of thermodynamics, liquid liquid critical point position and dynamic crossovers with respect to the bulk are studied. In spite of the presence of the solutes, for concentrations from low to mild, water retains its peculiar behaviors which therefore play a key role in the solutions too.
References:
[1] P. La Francesca and P. Gallo, J. Phys. Chem. B, 129, 8776 (2025)
[2] P. La Francesca and P. Gallo, J. Mol. Liq. 417, 126673 (2025)
[3] L. Perin and P. Gallo, submitted (2025)
[4] L. Perin and P. Gallo J. Mol. Liq. 414, 126089 (2024)
[5] D. Corradini, S. V. Buldyrev, P. Gallo and H.E. Stanley, Phys. Rev. E, 81, 061504 (2010)
[6] D. Corradini, S. V. Buldyrev, P. Gallo and H.E. Stanley, Phys. Rev. E, 85, 051503 (2012)
[7] E.G. Strekalova, D. Corradini, M.G. Mazza, S.V. Buldyrev, P. Gallo, G. Franzese and H.E. Stanley, J. Bio. Phys. 38, 97 (2012)

Nicholas Giovambattista (CUNY) 
Title: TBA
Abstract: TBA

Alexander Yu. Grosberg (New York University)

Title: Coulomb interactions without charges
Abstract: In the talk, I will review the concept of diffusiophoresis and how it leads in out-of-equilibrium driven colloidal catalytic systems to the effects usually associated with electrostatics, such as Debye screening, Wigner crystals, and the like.

Shlomo Havlin (Bar-Ilan University)
Title: General Theory and Microscopic Origin of Abrupt and Continuous Phase Transitions
Abstract: Phase transitions (PTs) are fundamental phenomena in statistical physics and condensed matter, manifesting as abrupt or continuous changes in system properties. I will show that the theory of interdependent networks [1] can identify the microscopic mechanisms behind abrupt first-order nucleation and mixed-order phase transitions. Interdependent networks appear in all aspects of nature and technology. Examples include the physiological systems in our body and infrastructures. The theoretical framework for percolation theory of interdependent networks [1,2] will be presented.
In interdependent networks, such as infrastructures, when nodes in one network fail, they cause dependent nodes in other networks to also fail. This may happen recursively and can lead to a cascade of failures and to a sudden fragmentation of the system. This contrasts with a single network where the percolation transition due to failures is continuous. I will present analytical solutions based on the percolation theory, for the functional network and cascading failures, for a network of n interdependent networks. The analytical results show that the percolation theory of a single network studied for over 90 years is just a limited case, n=1, of the general and significantly richer case of n>1.
I will finally show that the interdependent network theory [1-3] and its novel behavior be realized and proven in controlled experiments performed on interdependent superconducting networks [4].
References:
[1] S. Buldyrev, G. Paul, H.E. Stanley, S. Havlin, Nature, 464, 08932 (2010)
[2] J. Gao, S. Buldyrev, H. E. Stanley, S. Havlin, Nature Physics, 8, 40 (2012)
[3] A. Bashan, S. Buldyrev et al, Nature Physics, 9, 667 (2013)
[4] I. Bonamassa et al, Interdependent superconducting networks, Nature Physics 19, 1163 (2023)

Eduardo Lopez (George Mason University)

Title: The effect of local extended families in epidemics: the case of COVID-19 deaths in the US
Abstract: Do extended family members that live near each other significantly affect the dynamics of large respiratory infectious disease outbreaks? While current epidemiological consensus recognizes household family as relevant, extended family (kin) groups are not viewed as playing an especial role, disregarding evidence of the frequent and unique support they provide each other. Indeed, if extended family was relevant, this disregard would likely lead to deficiencies in advice, modeling, and preparedness during an epidemic as neither the interaction patterns with extended family nor the effectiveness of non-pharmaceutical interventions (NPIs) on them are known. Here, through the creation of the first large-scale data set of obituaries in the US for research purposes (~ 1.4 million deaths), we show for the first time evidence that between the beginning of 2020 and end of 2022 (the height of the COVID-19 pandemic) there were surges of deaths among kin members living in the same cities, consistently spanning summer periods. The kin surges we observe started simultaneously with overall COVID-19 population surges but continued even as the overall surges subsided. These surge patterns are consistent with extended families maintaining contact even through strict periods of NPIs implementation, potentially making them an unrecognized reservoir of disease spread helping outbreaks persist. Further, we find indications that kin-related deaths are more prevalent among genetic kin and display gender heterogeneity. Our results call for a renewal on research on infection-relevant contact patterns among extended US families and on the effects that NPIs may have towards these contacts.

Lea Santos (University of Connecticut)

Title: Dynamical manifestations of many-body quantum chaos and timescales for thermalization
Abstract: Quantum chaos ensures that isolated many-body quantum systems, driven far from equilibrium, evolve toward thermal equilibrium. We analyze the timescales governing this relaxation process and show how they depend on the choice of observable. We further identify dynamical manifestations of many-body quantum chaos and describe methods for detecting them in existing experimental platforms, including ultracold atoms, trapped ions, and NMR systems. Finally, we demonstrate that coupling to a dephasing environment can reduce dynamical fluctuations that might otherwise obscure these manifestations.

Francesco Sciortino (Sapienza University of Rome)

Title: Subtle Entropy Effects in Associative Polymers
Abstract: Associative polymers (APs) represent a class of polymeric systems in which specific, reversible bonds can form between designated ”sticker” sites along the chain. Using numerical simulations, we reveal that these systems undergo an entropy-driven gas-liquid phase separation, transitioning from a state of independently bonded polymers to a connected polymer network. This transition can occur progressively or as a first-order process, depending sensitively on the spatial arrangement and type of sticker sites. In the attempt to make contact with future experimental realisations, we study DNA-based APs with different sticker architectures. These findings underscore the crucial role of bonding-site topology in governing the thermodynamics of network formation, and they highlight DNA-based APs as a promising experimental platform for testing theoretical predictions in a controlled setting.

Eugene I. Shakhnovich (Harvard University)
Title: General Theory and Coarse-Grained Simulation of Reentrant Behavior in the Liquid-Liquid Phase Separation of FUS
Abstract:
Recent experiments showed surprising ionic strength dependent liquid-liquid phase separation (LLPS) transitions of uncharged intrinsically disordered protein FUS. FUS sequence consists of predominantly uncharged polar residues and contains very few hydrophobic amino acids which normally drive compactization and LLPS. As expected, in pure water FUS exists in a mixed state. However surprisingly upon addition of salt KCl FUS undergoes LLPS at low ionic strength and stays demixed at physiological salt concentrations (that is, [Cion]~0.15M) and again dissolves around [Cion]~1M-2M. Interestingly, LLPS reappears at higher salt concentrations beyond 2M. Therefore, the system shows a ‘double reentrant transition’ with respect to [Cion].
Here we explore the mechanism of ionic strength-dependent reentrant LLPS of FUS with the help of analytical theory and explicit solvent coarse-grained molecular dynamics (CGMD) simulations. We first develop a theory based on Debye-Hückel electrostatics that predicts the reentrant transition in LLPS and then validate the theory with CGMD simulations. We show that in the presence of only the counterions (experimentally inaccessible), FUS IDPs cannot undergo LLPS and that the ionic plasma medium drives LLPS of uncharged FUS.
Remarkably the nature and mechanism of LLPS are vastly different at low salt ([Cion] ~0.15M) and high salt ([Cion] >2M) regimes. At low [Cion], the FUS condensate acts as a sponge to the ions and absorbs them inside the condensate. In this regime, LLPS is driven by a mechanism akin to polymer-salt-induced condensation (y-condensation) whereby long-range correlations in the ionic plasma create effective long-range attraction between FUS monomers through media perturbations. On the other hand, at high [Cion], the condensate expels ions from its interior to sustain its morphology, and the second transition is driven by depletion forces in a complex solvent. The results are further supported by calculating different pair-interaction energies. Our study can be generalized for IDPs with a substantially low fraction of charged residues (such as FUS).
Joint work with Sayantan Mondal 
Corresponding author’s email: shakhnovich@chemistry.harvard.edu

Michael Shlesinger (Office of Naval Research)
Title: TBA
Abstract: TBA

Francis W. Starr (Wesleyan University)
Title: TBA
Abstract: TBA

Brigita Urbanc (Drexel University)

Title: Emergence of diversity and complexity from a minimal model of self-assembly
Abstract: While my current research revolves around (i) force field development for molecular dynamics of intrinsically disordered peptides and (ii) molecular dynamics of Alzheimer's amyloid b-protein assembly with lipids, I would like to honor Sergey Buldyrev, who greatly contributed to the implementation of discrete molecular dynamics and its application to protein folding and assembly, by describing my minimal model of self-assembly examined by discrete molecular dynamics simulations, which capture key aspects of protein assembly via quasi-spherical to elongated olgomer-like to elongated fibril-like assemblies with distinctly ordered domains.

G. M. Viswanathan (Universidade Federal de Alagoas)

Title:  Two decades of collaboration on complexity of heartbeats, DNA and Lévy flights of wandering albatrosses
Abstract:  I have had the pleasure of coauthoring more than 20 papers with Sergey Buldyrev, starting when I was a PhD student. Here I review some of these topics and give an overview of our collaboration.

Gil Zussman (Columbia University)

Title: Learning-based detection of intraday false data injection attacks on DER dispatch signals
Abstract: The urgent need for the decarbonization of power grids has accelerated the integration of renewable energy. Concurrently the increasing distributed energy resources (DERs) and advanced metering infrastructures (AMIs) have transformed the power grids into a more sophisticated cyber-physical system with numerous communication devices. While these transitions provide economic and environmental value, they also impose increased risk of cyber attacks and operational challenges.
This paper investigates the vulnerability of power grids with high renewable penetration against an intraday false data injection (FDI) attack on DER dispatch signals, and proposes a convolutional neural network (CNN) based detection model as a countermeasure. The intraday FDI attack scenario and the detection model are demonstrated in case studies using the real-world 187-bus test system with daily generation and load profiles from Holy Cross Energy (HCE), a power utility in Colorado. Extensive experiments and parameter sensitivity analyses are conducted to provide suggestions on model selection and parameter tuning.
Joint work with Yiqian Wu (Columbia), Jip Kim (Kentech), Siddharth Bhela (Siemens), and James Anderson (Columbia). To appear in IEEE Transactions on Smart Grid.
