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Abstract

We are developing a new type of extremely short-period undulator based on spatial phase modulation of laser
electromagnetic fields by a dielectric material with doubly periodic fine structures. The undulator field generated by
this method is fixed in space but varies in time with the frequency of the laser electromagnetic field, and it is expected
that the electron trajectories and radiation characteristics in the undulator field will be significantly different from
those in undulator fields generated by conventional static magnetic fields. The electron is transversely kicked at the
entrance of the undulator depending on the timing of injection into the undulator. The transverse kick can be
suppressed by placing a fine structure with half period length at upstream of the undulator to give opposite kick. It
was confirmed that fundamental and higher resonant frequency of radiation becomes independent on the injection

timing when transverse kick is suppressed.
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Figure 1: Electron trajectories in the undulator field produced by spatial phase modulation of laser electromagnetic
field and magnetic fields acting on the electrons along their trajectories. Transverse kick is suppressed in this
calculation (B, = 0). The electron takes different trajectories depending on the timing t; of injection into the
undulator field. However, the fundamental period of quiver motion is independent on t;. Here, 4, = 100 um,
A, =50 ym, y =500, N, = 10,and K =0.1.
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Figure 2: On-axis radiation spectra from a single electron in the undulator field produced by spatial phase modulation
of laser electromagnetic field. When transverse kick is suppressed (8,, = 0), fundamental (and higher) resonant
frequency of radiation becomes independent on the timing t; of injection into the undulator field. Here, 4, =
100 pym, A, =50 ym, y =500, N, = 10,and K = 0.1.
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