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Abstract

A test accelerator as a coherent terahertz source (t-ACTS) has been under development at Research Center for Electron
Photon Science (ELPH), Tohoku University. Generation of coherent transition radiation and coherent undulator radiation
in THz region from femtosecond electron pulses has been demonstrated at t-ACTS. Velocity bunching scheme in a
traveling accelerating structure is employed to generate femtosecond electron pulses, and the generation of femtosecond
electron pulses was confirmed by spectrum analysis of coherent transition radiation. A long-period undulator, which has
25 periods with a period length of 10 cm and a peak magnetic field of 0.41 T, has been developed and installed to t-ACTS.
Characteristics of the coherent transition radiation and the coherent undulator radiation such as frequency spectrum,
spatial distribution and polarization were measured and compared with theoretical calculations. In the measurements,
Michelson interferometer with pyroelectric detector was used to obtain the interferogram of the radiation and the
frequency spectrum was deduced by Fourier transform of the interferogram. We have succeeded to generate the coherent
transition radiation up to 3.5 THz and the coherent undulator radiation from 2.6 to 3.4 THz. The results of the beam
experiment are presented in this paper.
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Figure 1: Bunch form factor (Gaussian shape bunch).
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Figure 2: t-ACTS beam line layout.
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Figure 4: (a) Measured interferogram using Michelson
interferometer. (b) Deduced frequency spectra by Fourier
Transform of the interferogram for the different injection
phase (0°~-8°).
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Table 1: THz Undulator Parameters

Undulator type Halbach planer type

110x65%25 mm?

Size of magnets

Material and coating Nd-Fe-B * TiN

Period length and number 100mm - 25 periods

Undulator length 2.532m
Peak magnetic strength 0.41 T (g =54mm)
K value 3.82 (max)
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Figure 5: (a) Measured interferogram of undulator
radiation. (b) Frequency spectrum of undulator radiation
with K=3.6.
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Figure 6: Radiation power of undulator radiation with
different undulator gap and spectrum of transition
radiation.
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Figure 7: (Upper) Measured spatial profile of undulator
radiation using wire grid. Image size is 20mm X 20mm.
Left and right side of profiles are vertical and horizontal
polarized component of the radiation, respectively.
(Lower) Calculated spatial profiles of undulator radiation
from single electron.
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