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Abstract

A 1.6-cell photocathode RF gun was developed for generation of high efficiency and extremely short FEL pulse in
Kyoto University FEL. The requirements of the RF gun are to suppress discharge in long macro-pulse electron beam,
which is required FEL oscillator, and to apply dynamic cavity desynchronization (DCD) to achieve high efficiency of
FEL. In order to achieve the requirements, electromagnetic field analysis and beam tracking simulation were carried
out. In the beam tracking simulation for the DCD operation, 1.4-cell shape and 1.6-cell shape, which were satisfied the
requirement to suppress the discharge, were used to investigate the relation between the acceleration phase and the arrival
time at the RF gun exit. The simulation results show that the 1.6-cell shape is applicable to the DCD operation. Based on
the simulation results, the 1.6-cell photocathode RF gun was designed. After the fabrication of the 1.6-cell RF gun, the
resonant frequency and the longitudinal electric field distribution were measured, and the measured results well agreed

with the design performance.
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Figure 1: Layout of KU-FEL [3].
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Figure 2: Simulation models of 1.4-cell and 1.6-cell RF
guns.
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Figure 3: Simulation results of 1.4-cell RF gun.
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Figure 4: Simulation results of 1.6-cell RF gun.
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Table 1: History of Machining and Resonant Frequency: A fy and A f,; are differences of frequencies from the targets
for 0-mode and 7-mode . Ary,)r and Argy; are cutting amounts for radiuses of half-cell and full-cell.

Machining No.  Afo MHz) Afr MHz) Arpar (um) — Argg (um)
1 10.101 12.920 0 0
2 3.634 3.127 +200 +30
3 0.135 0.089 +71 +26
After brazing 0.024 0.004 - -
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Figure 5: Photographs of (a) Resonance frequency mea-
surement and (b) field distribution measurement.
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Figure 6: Measurement result of longitudinal electric field
distribution on the center axis of 1.6-cell RF gun.
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Figure 7: Smith chart after coupling tuning.
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Figure 8: Photograph of 1.6-cell RF gun.
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Figure 9: RMS bunch length from cathode to the exit of
S-band accelerator tube [3].
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Figure 10: Normalized RMS emittance from cathode to
the exit of S-band accelerator tube [3].
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