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Abstract

An X-ray free-electron laser is recently demanded to have a higher repetition rate to increase the statistical amount of
experimental data. To fulfill this requirement, we propose a highly efficient normal-conducting electron linac, which can
increase the repetition rate of SACLA from 60 Hz to 1 kHz without any additional RF energy. An electron beam is
accelerated by a high-power short RF pulse of approximately 10 ns fed into a dielectric-loaded circular waveguide. Since
the accelerating field is only excited where the electron beam travels, the energy efficiency can be improved 4 times
compared to the present SACLA linac. In case that the RF frequency is doubled from C-band to X-band, the efficiency
can be further increased 4 times. The total improvement is 16 times, which corresponds to the ratio of 1 kHz to 60 Hz.
Thus, we found a possibility of a high repetition rate linac with the same RF energy consumption.
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Figure 1: Schematic view of the short pulse RF
acceleration scheme and the dimensions of the dielectric-
loaded accelerator tube.
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Figure 2: Dispersion relation of the dielectric-loaded
accelerator tube. (6, =4, a=83 mm, b=16 mm)
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Figure 3: EM field distributions of the dielectric-loaded
accelerator tube. The longitudinal and radial E-fields are
plotted in (a) and (b), respectively, and the azimuthal
B-field is plotted in (c).

Figure 4: E-field distribution obtained from 3-dimensional
rf simulation.
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Figure 5: Plot of the rf energy efficiency, PT/L, as a
function of the tube radius, b.
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Figure 6: Schematic view of the principle of chirped rf
pulse compression.

Figure 7: Helically corrugated waveguide for chirped rf
pulse compression [7].
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Figure 8: Schematic view of a resonant ring for multi-
bunch acceleration.
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