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Plasma Wakefield Accelera-
tion of Charged Particles

Plasma-based particle acceleration is one of the
high-gradient acceleration techniques that could one
day make linear colliders more compact and more af-
fordable. In particular, the beam-driven scheme
known as the plasma wakefield accelerator (PWFA)
has produced very large energy gain (42 GeV) as
well as narrow energy spread for the accelerated
bunch together with significant energy transfer effi-
ciency. This scheme is therefore explored experimen-
tally with electron, positron and proton bunches as
wakefield drivers. | will give an introduction to PWFA
and a brief review of the most important and interest-
ing results in the field. | will then focus on the driving
of wakefields through the self-modulation instability
(SMI) showing experimental results obtained at the
Brookhaven ATF and at SLAC. | will then outline the
plans for the AWAKE experiment at CERN which will
use the 400 GeV proton bunch produced by the SPS.
The first phase of the experiment will focus on the
SMI of long proton bunches (~12 cm) in dense plas-
ma (10'*-10" cm™). In the second phase, electrons
will be externally injected to sample the wakefields.
The expected wakefield amplitude is in the GV/m
range. Due to the large proton bunch energy these
fields can in principle be maintained over very long
distances (10 m plasma length for AWAKE). In a third
phase a witness bunch will be accelerated.
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