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Multi-proton bunch driven hollow plasma wakefield acceleration in the nonlinear regime
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Proton-driven plasma wakefield acceleration has been demonstrated in simulations to be capable of accelerating particles to the energy frontier in a single stage, but its
potential i1s hindered by the fact that currently available proton bunches are orders of magnitude longer than the plasma wavelength. Fortunately, proton micro-bunching
allows driving plasma waves resonantly. In this paper, we propose using a hollow plasma channel for multiple proton bunch driven plasma wakefield acceleration and
demonstrate that it enables the operation in the nonlinear regime and resonant excitation of strong plasma waves. This new regime also involves beneficial features of
hollow channels for the accelerated beam (such as emittance preservation and uniform accelerating field) and long buckets of stable deceleration for the drive beam. The
regime is attained at a proper ratio among plasma skin depth, driver radius, hollow channel radius, and micro-bunch period.
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[Summary & Outlook}

This work expands the concept of proton driven PWFA. Assuming the micro-bunching techniques will be developed in the frame of AWAKE project, the hollow channels
would open the path to emittance-preserving accelerating structures for future high-energy physics facilities. The least developed part of the concept is the production of long
hollow channels, which is far from maturity. However, the channel could be sectionalized into multiple plasma cells with almost no decrease of the longitudinal fields, provided
that the gap between cells is shorter than the betatron period of driver particles. It also can sustain relatively large eigenfrequency fluctuations (at the level of 5%). All of these
lower the precision requirements in producing the desired hollow plasma channel.
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