Thermodynamics and Emergent Behavior of Chiral Active Matter
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Both biological and engineered systems, ranging from spinning flagella to macroscopic granular rotors, frequently
rely on microscopic chirality to dictate their movement and structural organization. Chiral active matter models
these phenomena using self-propelled agents moving along curved paths, a process that inherently violates both
time-reversal and parity symmetries. In this talk, we present and experimentally confirm the thermodynamics of
an ideal gas composed of chiral active particles [1]. We derive a modified equation of state that maps pressure to a
chirality-modulated effective temperature, successfully predicting distinct signatures including edge currents and
odd diffusivity. Expanding these single-particle fundamentals to flexible structures, we explore how structural
deformability alters behavior by studying a chiral active polymer constructed from linked, spinning granular
particles. Through a combination of experiments and simulations, we identify a spontaneous folding-unfolding
transition. This behavior is driven by an autonomous self-wrapping mechanism that emerges entirely in the
absence of cohesive or attractive forces [2]. Together, these findings bridge the gap between individual chiral
thermodynamics and the macroscopic dynamics of flexible chains, revealing how microscopic spinning directly
drives collective behaviors.
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