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The low emittance electron injectors are required for the fourth generation light sources such as XFELSs,
and the beam dynamics analyses for the injector become important. Though those analyses have not
investigated sufficiently. Therefore, | described the method of beam dynamics analyses for the injectors. In
the chapter 2, the analytical basic theories for beam dynamics especially for the RF gun injectors are
described. In the chapter 3, | described newly developed three-dimensional particle tracking simulation
code. This code can calculate asymmetrical beam dynamics, which is caused by the mechanical asymmetry
of the devices in the beam-line. In the chapter 4, I calculated the beam dynamics for the SPring-8 RF gun
injector with the simulation code, and demonstrated the asymmetrical analyses. The traveling-wave
accelerator structure that locates after the RF gun cavity has asymmetrical RF-feeding couplers, which
cause the asymmetry in the beam dynamics. The simulation code easily calculated these effects. Though
one problem is remained that the emittance calculated by the code has dependency on number of particles
used in the simulation. In the chapter 5, to overcome above problem, | developed the multiple beam
envelope equations by combining analytical method with numerical method. The electron bunch is divided
in grid-like fashion, and the electron is positioned at each intersection point. Each electron orbit is
calculated by envelope equations. Using this method, the emittance can be successfully obtained with high
accuracy and short calculation time. With the high accuracy calculation techniques, new results in beam
dynamics are expected. For example in chapter 6, I described emittance reduction phenomena immediately
after the cathode. The reduction mechanisms were investigated and the reduction examples in the practical
RF gun cavity were shown by using the multiple beam envelope equations. These phenomena have not been
revealed and thus new developments in designing the injector are expected. The summary is given in the

chapter 7.




