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Abstract

Since 2000, I have been researching a photocathode single-cell pillbox rf gun with my colleagues at SPring8, and to
date have achieved a maximum field gradient of 190 MV/m with a chemical etching processed cavity. After rf-
processing, the quantum efficiency of the copper cathode was 8.6 X 10~ % at 156 MV/m. This indicates that chemical
etching is considerably effective to improve the inner surface of cavities made of copper. To study the mechanism of rf
breakdown phenomena in rf cavities, I developed an imaging spectrograph system. I also conducted spectral imaging
for the light emissions from atoms in a vacuum that are excited by rf breakdown. This system makes possible to check
the effect of chemical etching process on the cathode and cavity inner surface. For the last three years, I have been
focusing on the development of a yearlong stable and 3-D shaped UV laser pulse for the rf gun. I developed an adaptive
3-D shaping (both temporal (1D) and spatial (2D)) short pulse (80 fs~40 ps) UV-laser system as an ideal light source
for yearlong stable generation of a low emittance electron beam. In its current form, the laser’s pulse-energy stability
has been improved to 0.2~0.3% (rms; 10 pps, 0.4 TW in femtosecond operation, with day-by-day measurements) at the
fundamental wavelength and 0.7~1.4% at the third-harmonic generation. The pulse-energy stability of a mode-locked
femtosecond oscillator has been continuously held to 0.3% (p-p) for 4.5 months (1% for 10 months), 24 hours a day.
Such improvement reflects an ability to stabilize the laser system in a humidity-controlled clean room. In addition, the
ideal spatial and temporal profiles of a shot-by-shot single UV-laser pulse are essential to suppress emittance growth in
an RF gun. We apply a deformable mirror that automatically shapes the spatial UV-laser profile with a feedback routine,
based on a genetic algorithm, and a pulse stacker for temporal shaping at the same time. The 3-D shape of the laser
pulse is spatially top-hat (flattop) and temporally a square stacked pulse. We apply the Q-scan method to evaluate the
emittance of electron beam generated from a 3D-shaped laser pulse. Using a 3D-shaped laser pulse with a diameter of
0.8 mm on the cathode and square pulse duration of 10 ps (rising time: <l ps), we obtain a minimum horizontal
normalized emittance of 1.4 1 mm mrad with beam energy of 26 MeV, holding its net charge to a 0.4 nC/pulse. At a
higher net charge of 1.0 nC/pulse, the minimum beam emittance is 2.0 T mm mrad with equivalent diameter and longer
pulse duration of 20 ps (rising time: <1 ps). We have a plan to inject from our photoinjector system to NewSUBARU
quasi-isochronous storage ring for the bunch circulation for some tens with keeping short bunch length.
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