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E. Jurčišinová, M. Jurčišin, and R. Remecký

Plasma Physics

Quadrilateral particle arrangement within shocks in a two-dimensional dusty plasma (6 pages) . . . . . . . . . . . . . . . . . 045201

Anton Kananovich and J. Goree

Randomization of a laser wave front by the turbulent gas-puff Z-pinch plasma column (6 pages) . . . . . . . . . . . . . . . 045202

A. Rososhek, E. S. Lavine, B. R. Kusse, W. M. Potter, and D. A. Hammer

Coherent puff and slugs in transitional drift-wave turbulence (7 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045203

P. Manz, S. Knauer, C. Moon, N. Fahrenkamp, D. Di Matteo, and A. Fujisawa

Nonempirical approximation for the ionic thermal contribution to the equations of state based on average-atom
models (17 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045204

A. A. Ovechkin, P. A. Loboda, and P. A. Sapozhnikov

Enhanced terahertz emission from the wakefield of CO2-laser-created plasma (11 pages) . . . . . . . . . . . . . . . . . . . . . . 045205

Srimanta Maity and Garima Arora

Detection of surface waves during femtosecond filamentation (7 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045206

Travis Garrett, Anna Janicek, J. Todd Fayard, II, and Jennifer Elle

Interplay of turbulent transport and Reynolds stress in drift-wave turbulence (6 pages) . . . . . . . . . . . . . . . . . . . . . . . . 045207

R. Sarkis, N. Dumerat, B. Schmid, G. E. M. Tovar, and M. Ramisch

Modeling of warm dense hydrogen via explicit real-time electron dynamics: Electron transport
properties (13 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045208

Pontus Svensson, Patrick Hollebon, Daniel Plummer, Sam M. Vinko, and Gianluca Gregori

(Continued)

This paper was highlighted in the APS publication Physics (physics.aps.org).

The editors and referees of PRE find these papers to be of particular interest, importance, or clarity. Please see our Announcement Phys. Rev. E 89, 010001 (2014).

https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045102
https://link.aps.org/doi/10.1103/PhysRevE.111.045103
https://link.aps.org/doi/10.1103/PhysRevE.111.045103
https://link.aps.org/doi/10.1103/PhysRevE.111.045103
https://link.aps.org/doi/10.1103/PhysRevE.111.045103
https://link.aps.org/doi/10.1103/PhysRevE.111.045103
https://link.aps.org/doi/10.1103/PhysRevE.111.045103
https://link.aps.org/doi/10.1103/PhysRevE.111.045104
https://link.aps.org/doi/10.1103/PhysRevE.111.045104
https://link.aps.org/doi/10.1103/PhysRevE.111.045104
https://link.aps.org/doi/10.1103/PhysRevE.111.045104
https://link.aps.org/doi/10.1103/PhysRevE.111.045104
https://link.aps.org/doi/10.1103/PhysRevE.111.045104
https://link.aps.org/doi/10.1103/PhysRevE.111.045104
https://link.aps.org/doi/10.1103/PhysRevE.111.045105
https://link.aps.org/doi/10.1103/PhysRevE.111.045105
https://link.aps.org/doi/10.1103/PhysRevE.111.045105
https://link.aps.org/doi/10.1103/PhysRevE.111.045105
https://link.aps.org/doi/10.1103/PhysRevE.111.045105
https://link.aps.org/doi/10.1103/PhysRevE.111.045105
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045106
https://link.aps.org/doi/10.1103/PhysRevE.111.045107
https://link.aps.org/doi/10.1103/PhysRevE.111.045107
https://link.aps.org/doi/10.1103/PhysRevE.111.045107
https://link.aps.org/doi/10.1103/PhysRevE.111.045107
https://link.aps.org/doi/10.1103/PhysRevE.111.045107
https://link.aps.org/doi/10.1103/PhysRevE.111.045107
https://link.aps.org/doi/10.1103/PhysRevE.111.045107
https://link.aps.org/doi/10.1103/PhysRevE.111.045107
https://link.aps.org/doi/10.1103/PhysRevE.111.045108
https://link.aps.org/doi/10.1103/PhysRevE.111.045108
https://link.aps.org/doi/10.1103/PhysRevE.111.045108
https://link.aps.org/doi/10.1103/PhysRevE.111.045108
https://link.aps.org/doi/10.1103/PhysRevE.111.045108
https://link.aps.org/doi/10.1103/PhysRevE.111.045108
https://link.aps.org/doi/10.1103/PhysRevE.111.045108
https://link.aps.org/doi/10.1103/PhysRevE.111.045201
https://link.aps.org/doi/10.1103/PhysRevE.111.045201
https://link.aps.org/doi/10.1103/PhysRevE.111.045201
https://link.aps.org/doi/10.1103/PhysRevE.111.045201
https://link.aps.org/doi/10.1103/PhysRevE.111.045201
https://link.aps.org/doi/10.1103/PhysRevE.111.045201
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045202
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045203
https://link.aps.org/doi/10.1103/PhysRevE.111.045204
https://link.aps.org/doi/10.1103/PhysRevE.111.045204
https://link.aps.org/doi/10.1103/PhysRevE.111.045204
https://link.aps.org/doi/10.1103/PhysRevE.111.045204
https://link.aps.org/doi/10.1103/PhysRevE.111.045204
https://link.aps.org/doi/10.1103/PhysRevE.111.045204
https://link.aps.org/doi/10.1103/PhysRevE.111.045204
https://link.aps.org/doi/10.1103/PhysRevE.111.045205
https://link.aps.org/doi/10.1103/PhysRevE.111.045205
https://link.aps.org/doi/10.1103/PhysRevE.111.045205
https://link.aps.org/doi/10.1103/PhysRevE.111.045205
https://link.aps.org/doi/10.1103/PhysRevE.111.045205
https://link.aps.org/doi/10.1103/PhysRevE.111.045205
https://link.aps.org/doi/10.1103/PhysRevE.111.045206
https://link.aps.org/doi/10.1103/PhysRevE.111.045206
https://link.aps.org/doi/10.1103/PhysRevE.111.045206
https://link.aps.org/doi/10.1103/PhysRevE.111.045206
https://link.aps.org/doi/10.1103/PhysRevE.111.045206
https://link.aps.org/doi/10.1103/PhysRevE.111.045206
https://link.aps.org/doi/10.1103/PhysRevE.111.045206
https://link.aps.org/doi/10.1103/PhysRevE.111.045206
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045207
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://link.aps.org/doi/10.1103/PhysRevE.111.045208
https://physics.aps.org/


CONTENTS - Continued

PHYSICAL REVIEW E THIRD SERIES, VOLUME 111, NUMBER 4 APRIL 2025

Relativistically magnetized collisionless shocks in pair plasma: Solitons, chaos, and thermalization (10 pages) . . . 045209

Arno Vanthieghem and Amir Levinson

Extended self-similarity in two-dimensional complex plasmas (6 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045210

V. Nosenko

Short-range ordering and equilibrium structure of binary crystal mixtures of atomic nuclei in white dwarf
cores (6 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045211

D. A. Baiko

Probing the radiation-dominated regime of laser-plasma interaction in multibeam configurations of petawatt
lasers (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045212

T. V. Liseykina, E. E. Peganov, and S. V. Popruzhenko

Impact of frequency-dependent radiation on the dynamics and structure of radiative shocks (10 pages) . . . . . . . . . . 045213

G. Radureau and C. Michaut

Three-dimensional finite-time Lyapunov-exponent analysis of fluid dusty plasmas under weightlessness
using a machine-learning particle reconstruction technique (11 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045214

André Melzer, Christina Knapek, Daniel Maier, Daniel Mohr, and Stefan Schütt

Computational Physics, Machine Learning, and Artificial Intelligence

Physical meaning of principal component analysis for classical lattice systems with translational
invariance (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045301

Su-Chan Park (���)

Data augmentation using diffusion models to enhance inverse Ising inference (9 pages) . . . . . . . . . . . . . . . . . . . . . . . 045302

Yechan Lim, Sangwon Lee, and Junghyo Jo

Principal component analysis for percolation with and without data preprocessing (15 pages) . . . . . . . . . . . . . . . . . . 045303

Nan Qi and Sheng-Jun Wang

Generative modeling through internal high-dimensional chaotic activity (7 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045304

Samantha J. Fournier and Pierfrancesco Urbani

Improved quantum lattice Boltzmann method for advection-diffusion equations with a linear collision
model (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045305

Li Xu, Ming Li, Lei Zhang, Hai Sun, and Jun Yao

Persistent homology for structural characterization in disordered systems (22 pages) . . . . . . . . . . . . . . . . . . . . . . . . . 045306

An Wang and Li Zou

Liquid-liquid phase transition of hydrogen and its critical point: Analysis from ab initio simulation
and a machine-learned potential (13 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045307

Mathieu Istas, Scott Jensen, Yubo Yang, Markus Holzmann, Carlo Pierleoni, and David M. Ceperley

Resonances in reflective Hamiltonian Monte Carlo (17 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045308

Namu Kroupa, Gábor Csányi, and Will Handley

Dynamical system response under Gaussian and Poisson white noises solved by deep neural network method
with adaptive task decomposition and progressive learning strategy (24 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045309

Wantao Jia, Xiaotong Feng, Yifan Zhao, and Wanrong Zan

(Continued)

This paper was highlighted in the APS publication Physics (physics.aps.org).

The editors and referees of PRE find these papers to be of particular interest, importance, or clarity. Please see our Announcement Phys. Rev. E 89, 010001 (2014).

https://link.aps.org/doi/10.1103/PhysRevE.111.045209
https://link.aps.org/doi/10.1103/PhysRevE.111.045209
https://link.aps.org/doi/10.1103/PhysRevE.111.045209
https://link.aps.org/doi/10.1103/PhysRevE.111.045209
https://link.aps.org/doi/10.1103/PhysRevE.111.045209
https://link.aps.org/doi/10.1103/PhysRevE.111.045209
https://link.aps.org/doi/10.1103/PhysRevE.111.045210
https://link.aps.org/doi/10.1103/PhysRevE.111.045210
https://link.aps.org/doi/10.1103/PhysRevE.111.045210
https://link.aps.org/doi/10.1103/PhysRevE.111.045210
https://link.aps.org/doi/10.1103/PhysRevE.111.045210
https://link.aps.org/doi/10.1103/PhysRevE.111.045211
https://link.aps.org/doi/10.1103/PhysRevE.111.045211
https://link.aps.org/doi/10.1103/PhysRevE.111.045211
https://link.aps.org/doi/10.1103/PhysRevE.111.045211
https://link.aps.org/doi/10.1103/PhysRevE.111.045211
https://link.aps.org/doi/10.1103/PhysRevE.111.045212
https://link.aps.org/doi/10.1103/PhysRevE.111.045212
https://link.aps.org/doi/10.1103/PhysRevE.111.045212
https://link.aps.org/doi/10.1103/PhysRevE.111.045212
https://link.aps.org/doi/10.1103/PhysRevE.111.045212
https://link.aps.org/doi/10.1103/PhysRevE.111.045212
https://link.aps.org/doi/10.1103/PhysRevE.111.045212
https://link.aps.org/doi/10.1103/PhysRevE.111.045213
https://link.aps.org/doi/10.1103/PhysRevE.111.045213
https://link.aps.org/doi/10.1103/PhysRevE.111.045213
https://link.aps.org/doi/10.1103/PhysRevE.111.045213
https://link.aps.org/doi/10.1103/PhysRevE.111.045213
https://link.aps.org/doi/10.1103/PhysRevE.111.045213
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045214
https://link.aps.org/doi/10.1103/PhysRevE.111.045301
https://link.aps.org/doi/10.1103/PhysRevE.111.045301
https://link.aps.org/doi/10.1103/PhysRevE.111.045301
https://link.aps.org/doi/10.1103/PhysRevE.111.045301
https://link.aps.org/doi/10.1103/PhysRevE.111.045301
https://link.aps.org/doi/10.1103/PhysRevE.111.045302
https://link.aps.org/doi/10.1103/PhysRevE.111.045302
https://link.aps.org/doi/10.1103/PhysRevE.111.045302
https://link.aps.org/doi/10.1103/PhysRevE.111.045302
https://link.aps.org/doi/10.1103/PhysRevE.111.045302
https://link.aps.org/doi/10.1103/PhysRevE.111.045302
https://link.aps.org/doi/10.1103/PhysRevE.111.045302
https://link.aps.org/doi/10.1103/PhysRevE.111.045303
https://link.aps.org/doi/10.1103/PhysRevE.111.045303
https://link.aps.org/doi/10.1103/PhysRevE.111.045303
https://link.aps.org/doi/10.1103/PhysRevE.111.045303
https://link.aps.org/doi/10.1103/PhysRevE.111.045303
https://link.aps.org/doi/10.1103/PhysRevE.111.045303
https://link.aps.org/doi/10.1103/PhysRevE.111.045304
https://link.aps.org/doi/10.1103/PhysRevE.111.045304
https://link.aps.org/doi/10.1103/PhysRevE.111.045304
https://link.aps.org/doi/10.1103/PhysRevE.111.045304
https://link.aps.org/doi/10.1103/PhysRevE.111.045304
https://link.aps.org/doi/10.1103/PhysRevE.111.045304
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045305
https://link.aps.org/doi/10.1103/PhysRevE.111.045306
https://link.aps.org/doi/10.1103/PhysRevE.111.045306
https://link.aps.org/doi/10.1103/PhysRevE.111.045306
https://link.aps.org/doi/10.1103/PhysRevE.111.045306
https://link.aps.org/doi/10.1103/PhysRevE.111.045306
https://link.aps.org/doi/10.1103/PhysRevE.111.045306
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045307
https://link.aps.org/doi/10.1103/PhysRevE.111.045308
https://link.aps.org/doi/10.1103/PhysRevE.111.045308
https://link.aps.org/doi/10.1103/PhysRevE.111.045308
https://link.aps.org/doi/10.1103/PhysRevE.111.045308
https://link.aps.org/doi/10.1103/PhysRevE.111.045308
https://link.aps.org/doi/10.1103/PhysRevE.111.045308
https://link.aps.org/doi/10.1103/PhysRevE.111.045308
https://link.aps.org/doi/10.1103/PhysRevE.111.045309
https://link.aps.org/doi/10.1103/PhysRevE.111.045309
https://link.aps.org/doi/10.1103/PhysRevE.111.045309
https://link.aps.org/doi/10.1103/PhysRevE.111.045309
https://link.aps.org/doi/10.1103/PhysRevE.111.045309
https://link.aps.org/doi/10.1103/PhysRevE.111.045309
https://link.aps.org/doi/10.1103/PhysRevE.111.045309
https://link.aps.org/doi/10.1103/PhysRevE.111.045309
https://physics.aps.org/


CONTENTS - Continued

PHYSICAL REVIEW E THIRD SERIES, VOLUME 111, NUMBER 4 APRIL 2025

Unified theoretical framework for wide neural network learning dynamics (16 pages) . . . . . . . . . . . . . . . . . . . . . . . . . 045310

Yehonatan Avidan, Qianyi Li, and Haim Sompolinsky

Soft Matter including Polymers, Liquid Crystals, and Granular Materials

Simulating squirmers with smoothed particle dynamics (16 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045401

Xinwei Cai, Kuiliang Wang, Gaojin Li, and Xin Bian

Stretching semiflexible polymers: Gibbs versus Helmholtz ensembles (7 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045402

Nigel T. Andersen and Jeff Z. Y. Chen

Rheodielectric study of transformer-oil-based ferrofluids (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045403

Katarina Paulovicova, Michal Rajnak, Jana Tothova, Bystrik Dolnik, Milan Timko, and Peter Kopcansky

Phenomenological model of crack patterns in thin colloidal films undergoing desiccation (11 pages) . . . . . . . . . . . . 045404

Yuri Yu. Tarasevich, Andrei V. Eserkepov, Irina V. Vodolazskaya, and Avik P. Chatterjee

Three-dimensional model for surface accumulation of chiral and nonchiral microswimmers (8 pages) . . . . . . . . . . . 045405

Danne M. van Roon, Giorgio Volpe, Margarida M. Telo da Gama, and Nuno A. M. Araújo

Coordinated stress-structure self-organization in granular packing (6 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045406

Xiaoyu Jiang, Takashi Matsushima, and Raphael Blumenfeld

Absolute negative mobility of an inertial deformable particle under steady laminar flows (10 pages) . . . . . . . . . . . . 045407

Fu-jun Lin, Jia-le Wu, Wei Lin, and Jing-jing Liao

Filling spherical surfaces by mixed triangle and square tiles (12 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045408

Han Xie, Yao Li, and Jeff Z. Y. Chen

Self-propelled motion of induced-charge electrophoretic Janus particles in viscoelastic fluids (8 pages) . . . . . . . . . 045409

Keita Saito, Ryunosuke Kawano, Chisato Sadamatsu, Yasutaka Iwashita, and Yasuyuki Kimura

Unavoidable multilevel biaxial symmetry breaking in chiral hybrid liquid crystals (18 pages) . . . . . . . . . . . . . . . . . . 045410

Jin-Sheng Wu, Marina Torres Lázaro, Souvik Ghosh, Haridas Mundoor,
Henricus H. Wensink, and Ivan I. Smalyukh

Predicting rigidity and connectivity percolation in disordered particulate networks using graph neural
networks (9 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045411

D. A. Head

Spatial organization of multiple species of active particles interacting with an interface (9 pages) . . . . . . . . . . . . . . . 045412

Love Grover, Rajeev Kapri, and Abhishek Chaudhuri

Three-dimensional granular deposits characterized by persistent homology (13 pages) . . . . . . . . . . . . . . . . . . . . . . . . 045413

Sergio Ardanza-Trevijano, Roberto Arévalo, Sahily Estradé, Diego Maza, and Iker Zuriguel

Speeding the directed self-assembly under toggled magnetic fields (15 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045414

Guillermo Camacho and Juan de Vicente

Microscale structural fluctuations at the melting phase transition of strongly confined achiral and chiral
nematics (18 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045415

J. Pišljar, A. Nych, U. Ognysta, S. Kralj, and I. Muševič

(Continued)

This paper was highlighted in the APS publication Physics (physics.aps.org).

The editors and referees of PRE find these papers to be of particular interest, importance, or clarity. Please see our Announcement Phys. Rev. E 89, 010001 (2014).

https://link.aps.org/doi/10.1103/PhysRevE.111.045310
https://link.aps.org/doi/10.1103/PhysRevE.111.045310
https://link.aps.org/doi/10.1103/PhysRevE.111.045310
https://link.aps.org/doi/10.1103/PhysRevE.111.045310
https://link.aps.org/doi/10.1103/PhysRevE.111.045310
https://link.aps.org/doi/10.1103/PhysRevE.111.045310
https://link.aps.org/doi/10.1103/PhysRevE.111.045310
https://link.aps.org/doi/10.1103/PhysRevE.111.045401
https://link.aps.org/doi/10.1103/PhysRevE.111.045401
https://link.aps.org/doi/10.1103/PhysRevE.111.045401
https://link.aps.org/doi/10.1103/PhysRevE.111.045401
https://link.aps.org/doi/10.1103/PhysRevE.111.045401
https://link.aps.org/doi/10.1103/PhysRevE.111.045401
https://link.aps.org/doi/10.1103/PhysRevE.111.045401
https://link.aps.org/doi/10.1103/PhysRevE.111.045401
https://link.aps.org/doi/10.1103/PhysRevE.111.045402
https://link.aps.org/doi/10.1103/PhysRevE.111.045402
https://link.aps.org/doi/10.1103/PhysRevE.111.045402
https://link.aps.org/doi/10.1103/PhysRevE.111.045402
https://link.aps.org/doi/10.1103/PhysRevE.111.045402
https://link.aps.org/doi/10.1103/PhysRevE.111.045402
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045403
https://link.aps.org/doi/10.1103/PhysRevE.111.045404
https://link.aps.org/doi/10.1103/PhysRevE.111.045404
https://link.aps.org/doi/10.1103/PhysRevE.111.045404
https://link.aps.org/doi/10.1103/PhysRevE.111.045404
https://link.aps.org/doi/10.1103/PhysRevE.111.045404
https://link.aps.org/doi/10.1103/PhysRevE.111.045404
https://link.aps.org/doi/10.1103/PhysRevE.111.045404
https://link.aps.org/doi/10.1103/PhysRevE.111.045404
https://link.aps.org/doi/10.1103/PhysRevE.111.045405
https://link.aps.org/doi/10.1103/PhysRevE.111.045405
https://link.aps.org/doi/10.1103/PhysRevE.111.045405
https://link.aps.org/doi/10.1103/PhysRevE.111.045405
https://link.aps.org/doi/10.1103/PhysRevE.111.045405
https://link.aps.org/doi/10.1103/PhysRevE.111.045405
https://link.aps.org/doi/10.1103/PhysRevE.111.045405
https://link.aps.org/doi/10.1103/PhysRevE.111.045405
https://link.aps.org/doi/10.1103/PhysRevE.111.045406
https://link.aps.org/doi/10.1103/PhysRevE.111.045406
https://link.aps.org/doi/10.1103/PhysRevE.111.045406
https://link.aps.org/doi/10.1103/PhysRevE.111.045406
https://link.aps.org/doi/10.1103/PhysRevE.111.045406
https://link.aps.org/doi/10.1103/PhysRevE.111.045406
https://link.aps.org/doi/10.1103/PhysRevE.111.045406
https://link.aps.org/doi/10.1103/PhysRevE.111.045407
https://link.aps.org/doi/10.1103/PhysRevE.111.045407
https://link.aps.org/doi/10.1103/PhysRevE.111.045407
https://link.aps.org/doi/10.1103/PhysRevE.111.045407
https://link.aps.org/doi/10.1103/PhysRevE.111.045407
https://link.aps.org/doi/10.1103/PhysRevE.111.045407
https://link.aps.org/doi/10.1103/PhysRevE.111.045407
https://link.aps.org/doi/10.1103/PhysRevE.111.045407
https://link.aps.org/doi/10.1103/PhysRevE.111.045408
https://link.aps.org/doi/10.1103/PhysRevE.111.045408
https://link.aps.org/doi/10.1103/PhysRevE.111.045408
https://link.aps.org/doi/10.1103/PhysRevE.111.045408
https://link.aps.org/doi/10.1103/PhysRevE.111.045408
https://link.aps.org/doi/10.1103/PhysRevE.111.045408
https://link.aps.org/doi/10.1103/PhysRevE.111.045408
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045409
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045410
https://link.aps.org/doi/10.1103/PhysRevE.111.045411
https://link.aps.org/doi/10.1103/PhysRevE.111.045411
https://link.aps.org/doi/10.1103/PhysRevE.111.045411
https://link.aps.org/doi/10.1103/PhysRevE.111.045411
https://link.aps.org/doi/10.1103/PhysRevE.111.045411
https://link.aps.org/doi/10.1103/PhysRevE.111.045412
https://link.aps.org/doi/10.1103/PhysRevE.111.045412
https://link.aps.org/doi/10.1103/PhysRevE.111.045412
https://link.aps.org/doi/10.1103/PhysRevE.111.045412
https://link.aps.org/doi/10.1103/PhysRevE.111.045412
https://link.aps.org/doi/10.1103/PhysRevE.111.045412
https://link.aps.org/doi/10.1103/PhysRevE.111.045412
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045413
https://link.aps.org/doi/10.1103/PhysRevE.111.045414
https://link.aps.org/doi/10.1103/PhysRevE.111.045414
https://link.aps.org/doi/10.1103/PhysRevE.111.045414
https://link.aps.org/doi/10.1103/PhysRevE.111.045414
https://link.aps.org/doi/10.1103/PhysRevE.111.045414
https://link.aps.org/doi/10.1103/PhysRevE.111.045414
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://link.aps.org/doi/10.1103/PhysRevE.111.045415
https://physics.aps.org/


CONTENTS - Continued

PHYSICAL REVIEW E THIRD SERIES, VOLUME 111, NUMBER 4 APRIL 2025

Irreversible swap algorithms for soft sphere glasses (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045416

Yoshihiko Nishikawa, Federico Ghimenti, Ludovic Berthier, and Frédéric van Wijland

Scaling in kinetics of supercooled liquids (16 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045417

B. Zhang, D. M. Zhang, D. Y. Sun, and X. G. Gong

Intrinsic Langevin dynamics of rigid inclusions on curved surfaces (16 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045418

Balázs Németh and Ronojoy Adhikari

To promote network connectivity in colloidal rod suspensions, end with a tip (11 pages) . . . . . . . . . . . . . . . . . . . . . . 045419

Gavin Melaugh, Samuel G. V. Charlton, Bonnie McCallion, Davide Marenduzzo, and Cait E. MacPhee

Static and hydrodynamic periodic structures induced by ac electric fields in the antiferroelectric SmZA

phase (12 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045420

K. S. Krishnamurthy, S. Krishna Prasad, D. S. Shankar Rao, R. J. Mandle, C. J. Gibb,
J. Hobbs, and N. V. Madhusudana

Unifying fluidization and defluidization of granular columns (7 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045421

L. Chupin, O. Roche, and S. van den Wildenberg

Nonaffine motion in flowing highly polydisperse granular media (13 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045422

Pablo Eduardo Illing and Eric R. Weeks

Chirality-induced phase separation and collective dynamics in binary mixtures of chiral particles (11 pages) . . . . . 045423

Rui-xue Guo, Jia-jian Li, and Bao-quan Ai

Mechanics, Interfaces, and Films

Effect of heavy impurities on the plasticity of amorphous solids (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045501

Meenakshi Lakshmana Perumal and Bhaskar Sen Gupta

Transient asymmetry during elastic snap-through: The interplay between imperfections
and oscillations (11 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045503

Andrea Giudici, Weicheng Huang, Qiong Wang, Yuzhe Wang, Mingchao Liu,
Sameh Tawfick, and Dominic Vella

Microscopic fluctuations in the spreading fronts of circular wetting liquid droplets (16 pages) . . . . . . . . . . . . . . . . . . 045504

J. M. Marcos, J. J. Meléndez, R. Cuerno, and J. J. Ruiz-Lorenzo

Electrostatic interaction of neutral particles on a dielectric substrate: A theoretical study via a multiple-image
method and an effective-dipole approach (11 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045505

Xin Li, Changhao Li, Xiangui Chen, Zaixin Wang, Sun Min, and Decai Huang

Experimental verification of one-dimensional models of thermoelectric generators (7 pages) . . . . . . . . . . . . . . . . . . . 045506

B. Chen, Y. D. Wu, W. G. Ma, and Z. Y. Guo

Three types of condensation in open wedges (18 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045507

Jiří Janek and Alexandr Malijevský

(Continued)

This paper was highlighted in the APS publication Physics (physics.aps.org).

The editors and referees of PRE find these papers to be of particular interest, importance, or clarity. Please see our Announcement Phys. Rev. E 89, 010001 (2014).

https://link.aps.org/doi/10.1103/PhysRevE.111.045416
https://link.aps.org/doi/10.1103/PhysRevE.111.045416
https://link.aps.org/doi/10.1103/PhysRevE.111.045416
https://link.aps.org/doi/10.1103/PhysRevE.111.045416
https://link.aps.org/doi/10.1103/PhysRevE.111.045416
https://link.aps.org/doi/10.1103/PhysRevE.111.045416
https://link.aps.org/doi/10.1103/PhysRevE.111.045416
https://link.aps.org/doi/10.1103/PhysRevE.111.045416
https://link.aps.org/doi/10.1103/PhysRevE.111.045417
https://link.aps.org/doi/10.1103/PhysRevE.111.045417
https://link.aps.org/doi/10.1103/PhysRevE.111.045417
https://link.aps.org/doi/10.1103/PhysRevE.111.045417
https://link.aps.org/doi/10.1103/PhysRevE.111.045417
https://link.aps.org/doi/10.1103/PhysRevE.111.045417
https://link.aps.org/doi/10.1103/PhysRevE.111.045417
https://link.aps.org/doi/10.1103/PhysRevE.111.045417
https://link.aps.org/doi/10.1103/PhysRevE.111.045418
https://link.aps.org/doi/10.1103/PhysRevE.111.045418
https://link.aps.org/doi/10.1103/PhysRevE.111.045418
https://link.aps.org/doi/10.1103/PhysRevE.111.045418
https://link.aps.org/doi/10.1103/PhysRevE.111.045418
https://link.aps.org/doi/10.1103/PhysRevE.111.045418
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045419
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045420
https://link.aps.org/doi/10.1103/PhysRevE.111.045421
https://link.aps.org/doi/10.1103/PhysRevE.111.045421
https://link.aps.org/doi/10.1103/PhysRevE.111.045421
https://link.aps.org/doi/10.1103/PhysRevE.111.045421
https://link.aps.org/doi/10.1103/PhysRevE.111.045421
https://link.aps.org/doi/10.1103/PhysRevE.111.045421
https://link.aps.org/doi/10.1103/PhysRevE.111.045421
https://link.aps.org/doi/10.1103/PhysRevE.111.045422
https://link.aps.org/doi/10.1103/PhysRevE.111.045422
https://link.aps.org/doi/10.1103/PhysRevE.111.045422
https://link.aps.org/doi/10.1103/PhysRevE.111.045422
https://link.aps.org/doi/10.1103/PhysRevE.111.045422
https://link.aps.org/doi/10.1103/PhysRevE.111.045422
https://link.aps.org/doi/10.1103/PhysRevE.111.045423
https://link.aps.org/doi/10.1103/PhysRevE.111.045423
https://link.aps.org/doi/10.1103/PhysRevE.111.045423
https://link.aps.org/doi/10.1103/PhysRevE.111.045423
https://link.aps.org/doi/10.1103/PhysRevE.111.045423
https://link.aps.org/doi/10.1103/PhysRevE.111.045423
https://link.aps.org/doi/10.1103/PhysRevE.111.045423
https://link.aps.org/doi/10.1103/PhysRevE.111.045501
https://link.aps.org/doi/10.1103/PhysRevE.111.045501
https://link.aps.org/doi/10.1103/PhysRevE.111.045501
https://link.aps.org/doi/10.1103/PhysRevE.111.045501
https://link.aps.org/doi/10.1103/PhysRevE.111.045501
https://link.aps.org/doi/10.1103/PhysRevE.111.045501
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045503
https://link.aps.org/doi/10.1103/PhysRevE.111.045504
https://link.aps.org/doi/10.1103/PhysRevE.111.045504
https://link.aps.org/doi/10.1103/PhysRevE.111.045504
https://link.aps.org/doi/10.1103/PhysRevE.111.045504
https://link.aps.org/doi/10.1103/PhysRevE.111.045504
https://link.aps.org/doi/10.1103/PhysRevE.111.045504
https://link.aps.org/doi/10.1103/PhysRevE.111.045504
https://link.aps.org/doi/10.1103/PhysRevE.111.045504
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045505
https://link.aps.org/doi/10.1103/PhysRevE.111.045506
https://link.aps.org/doi/10.1103/PhysRevE.111.045506
https://link.aps.org/doi/10.1103/PhysRevE.111.045506
https://link.aps.org/doi/10.1103/PhysRevE.111.045506
https://link.aps.org/doi/10.1103/PhysRevE.111.045506
https://link.aps.org/doi/10.1103/PhysRevE.111.045506
https://link.aps.org/doi/10.1103/PhysRevE.111.045506
https://link.aps.org/doi/10.1103/PhysRevE.111.045506
https://link.aps.org/doi/10.1103/PhysRevE.111.045507
https://link.aps.org/doi/10.1103/PhysRevE.111.045507
https://link.aps.org/doi/10.1103/PhysRevE.111.045507
https://link.aps.org/doi/10.1103/PhysRevE.111.045507
https://link.aps.org/doi/10.1103/PhysRevE.111.045507
https://link.aps.org/doi/10.1103/PhysRevE.111.045507
https://physics.aps.org/


CONTENTS - Continued

PHYSICAL REVIEW E THIRD SERIES, VOLUME 111, NUMBER 4 APRIL 2025

Universal scaling solution for a rigidity transition: Renormalization group flows near the upper critical
dimension (20 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045508

Stephen J. Thornton, Itai Cohen, James P. Sethna, and Danilo B. Liarte

Interpretability versus performance of analytical and neural-network-based permeability prediction models:
Exploring separability, monotonicity, and dimensional consistency (10 pages) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 045509

Erik Jansson and Magnus Röding

This paper was highlighted in the APS publication Physics (physics.aps.org).

The editors and referees of PRE find these papers to be of particular interest, importance, or clarity. Please see our Announcement Phys. Rev. E 89, 010001 (2014).

https://link.aps.org/doi/10.1103/PhysRevE.111.045508
https://link.aps.org/doi/10.1103/PhysRevE.111.045508
https://link.aps.org/doi/10.1103/PhysRevE.111.045508
https://link.aps.org/doi/10.1103/PhysRevE.111.045508
https://link.aps.org/doi/10.1103/PhysRevE.111.045508
https://link.aps.org/doi/10.1103/PhysRevE.111.045508
https://link.aps.org/doi/10.1103/PhysRevE.111.045508
https://link.aps.org/doi/10.1103/PhysRevE.111.045508
https://link.aps.org/doi/10.1103/PhysRevE.111.045509
https://link.aps.org/doi/10.1103/PhysRevE.111.045509
https://link.aps.org/doi/10.1103/PhysRevE.111.045509
https://link.aps.org/doi/10.1103/PhysRevE.111.045509
https://link.aps.org/doi/10.1103/PhysRevE.111.045509
https://link.aps.org/doi/10.1103/PhysRevE.111.045509
https://physics.aps.org/

