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We present a study of halo formation mechanisms in the high-power PIP-II SRF linac, combining analytical
modelingwith self-consistent 3D Particle-In-Cell (PIC) simulations. Focusing on the low-energy front-end and
transitions between SRF cavity families, we use PIC simulations with realistic 3D field maps to analyze the
evolution of the beam distribution. Our results demonstrate that nonlinear space-charge forces, particularly in
the presence of initial beam mismatch and non-axisymmetric RF field components, are the dominant drivers
of halo development. We show that the halo structure predicted by our simulations deviates significantly
from the predictions of simplified particle-core models. Our analytical work, supported by the simulations,
identifies the complex resonant interactions responsible for transporting particles to large amplitudes, which
are not captured by standard treatments. These findings are crucial for accurately defining the machine aper-
ture and informing the beam loss budget for the machine protection system and devising techniques to avoid
beam loss during commissioning and operation.
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