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Collective behaviors of living matter are a common phenomenon in nature, observed in flocks of birds, schools of fish, and bacterial
communities, among others. Milling behavior—such as the vortex-like motion observed in reindeer herds, fish schools, and army ant
colonies—represents a striking example of collective dynamics in nature. Animals form a milling structure spontaneously and maintain it
continuously. Based on the Vicsek model (1995) [1] and the Idea from Costanzo et al [2], we propose a minimal model that exhibits milling
behavior In active Brownian particle (ABP) simulations. The vision angle of particles, depicting how broad In front an individual pays
attention to and responds to, is a key factor in alignment for milling to form. It shows that the milling forms on a relatively narrow range of
the vision angle; on the other hand, the system prefers flocking states with larger vision angles and aster states with smaller vision angles.
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