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Plasma wakefield acceleration, either laser driven or electron-bunch driven, has been demonstrated to hold a great potential. However, it is not obvious how to scale these approaches to bring particles up to the TeV regime. In this report, we discuss the possibility of proton-bunch driven plasma wakefield acceleration, and show that high energy electron beams could potentially be produced in a single accelerating stage. Given that protons can be accelerated to the TeV regime in conventional accelerators, it is conceivable to accelerate electron bunches in the wake of the proton bunch up to several TeV (e.g., in the wake of an LHC proton beam) in one pass through the plasma. We discuss the possibility of producing a proton bunch with large enough charge density, the possibility of phase slippage as protons slow down, the effect of proton beam divergence and dissipation in the plasma, etc. We also discuss a specific parameter set close to existing proton beams, and show that the production of a TeV-range energy electron beam is in principle allowed with a PDPWA (proton driven plasma wakefield accelerator).
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