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Fig.1 Establishment of the macroscopic active granular ring chain system and characterization of single-particle motion
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Fig.2 Snapshots of typical conformational evolution of the ring chain under different activity conditions
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Fig.3 Temporal evolution and velocity dependence of the gyration radius for the ring chain
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Fig.4 Temporal evolution and velocity dependence of the asphericity for the ring chain
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Fig.5 Dynamical evolution and quantitative characterization parameters of the ring chain
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Fig.6 Effect of dimensionless activity strength A on the dynamical coherence of the ring chain
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Dual Competitive Mechanisms Regulating the Conformation and
Dynamics of a Macroscopic Active Ring-Shaped Granular Chain

YANG Jihua, WANG Zhenyu, LIU Wei,ZHENG Ning
(School of Physics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A two-dimensional macroscopic active ring-shaped granular chain model is established.
The model captures the essential physics of microscopic active ring systems with respect to topological
constraints, mechanical flexibility, directional driving, and dissipative interactions. Three distinct typical
conformations are identified experimentally: the passive contracted state, the extended swirling ring
state, and the extended-compact oscillating ring state. It is revealed that the conformational characteris-
tic parameters display a non-monotonic variation with self-propulsion velocity, whereas dynamic param-
eters exhibit monotonic ones. Notably, the extended-compact reciprocating oscillation represents a rarely
reported nonequilibrium dynamic in active ring systems. A dimensionless activity intensity parameter A
is introduced to quantitatively characterize the activity-noise competition. Two competitive mechanisms
governing the conformational and dynamic behaviors of the ring chain are further revealed: the activity—
noise competition and the active force-critical tension competition. The mechanism furnishes an analyti-
cal framework for conformational transitions and dynamical evolution to predict theoretically four typical
states. The work provides an experimental reference for the nonequilibrium phase behavior of active flex-
ible ring systems, and the uncovered competition mechanisms may offer conceptual insights for the con-
formational and functional design of active intelligent materials.

Key words: active matter; ring-shaped chain; conformation and dynamics; dual competitive regula-

tory mechanism



