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SIMULATION OF PLASMA WAKEFIELD EXCITATION BY A LONG SEQUENCE OF SHORT BUNCHES OF RELATIVISTIC ELECTRONS
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The strong plasma wakefield excitation by a single bunch of a large charge has allowed to achieve accelerating gradient above 40GeV/m and to double energy of 42GeV-bunch by a plasma afterburner of the length less than 1m [1]. The question arises to what limit the wakefield can grow if it is excited by a long sequence of low-charge electron bunches, which can be produced by resonant linear electron accelerator. Particularly in an experiment [2] a regular sequence of 6000 electron bunches, each of energy 2MeV, charge 0.32nC, rms length 2(z=1.7cm, rms radius (r=0.5cm, rms angular spread ((=0.05mrad, repetition frequency 2805MHz has been used to excite wakefields in the plasma of density np=1011 cm-3 and length of about 1m. Numerical simulations of plasma wakefield excitation relating to the parameters of the experiment [2] are performed with hybrid 2.5D code LCODE [3]. Even for the reduced number of bunches comparing to the experiment [2] the problem needs huge simulation area and computation time and can be solved only with the fluid description of plasma. Electron bunches are treated as ensembles of macro-particles.
Radial-phase dynamics of the bunches and exited plasma wakefield parameters including its nonlinearity were simulated. For the resonant sequence (for which the repetition frequency of bunches coincides with the plasma frequency) wakefields of up to 300 bunches add coherently until the wave nonlinearity comes into play. At that wakefield amplitude saturates at the magnitude of 3 MeV/m, amounting 10% of the wave breaking limit. Saturation mechanisms caused by phase slipping of bunches losing energy and phase velocity decreasing due to wave nonlinearity are investigated. The influence of detuning plasma frequency and bunch repetition frequency on the amount of coherent bunches and saturation level of excited plasma wakefield is determined.
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