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Abstract

The photocathode rf electron gun is a high brightness electron source because the initial electron bunch shape can be
controlled by the cathode illuminating laser pulse and then the bunch is rapidly accelerated by the high gradient electric
field in the rf gun cavity. The rf guns are widely used not only as a injector for large facility but also application
researches. At Waseda university, I and collaborators have been developing an rf electron gun since 1999. We
performed optimization of cavity structure, improvement of rf tuner and development of photocathode material, then we
succeeded in operating 3.6 cell rf gun. In these backgrounds, I conceived a new type rf gun cavity structure for ultra-
short electron bunch generation, named Energy-Chirping-Cell attached rf gun (ECC rf gun). Less than 100 fs (rms)
bunch can be produced with 100 pC charge by this ECC rf gun in the simulation. Such a high peak current bunch has a
possibility to apply for the coherent THz radiation source and single shot electron diffraction microscope. Encouraged
by this successful simulation results, we manufactured an ECC rf gun and measured the bunch length at Waseda
university. The experimental results showed a good agreement with simulation and we found that the bunch length from
ECC rf gun was less than 500 fs (rms). In this paper, the introduction of the photocathode rf gun, principle and

experimental results of ECC rf gun, and future prospective will be described.
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Figure 1: Schematic of ECC RF gun.
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Table 1: Simulation Parameters and Results of ECC RF
Gun

Charge 100pC
Ini. bunch leng. 4.3ps (rms)
E at cathode 100MV/m
Injection phase 20deg
Energy 4.24MeV
Compressed bunch leng. 88.4fs (rms)
Compressed point 2.3m
Emittance (R) 3mmmmrad
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Figure 2: Photograph of ECC RF gun.
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Table 2: Cavity Parameters of ECC RF Gun

Q value 10860
Coupling 0.92
En 0.9
Er 1
Ee 1.23
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Figure 3: Experimental setup of ECC RF gun test at
Waseda university.
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Figure 4: Bunch charge and energy as a function of laser
injection rf phase.
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Figure 5: Experimental result of coherent transition
radiation as a function of laser injection rf phase.
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