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MEASUREMENT OF COHERENT TRANSITION RADIATION IN THE THZ REGION
FROM EXTREMELY SHORT ELECTRON BUNCH
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Abstract

A test-Accelerator as Coherent Terahertz Source (t-ACTS) project has been under development at Research Center
for Electron Photon Science, Tohoku University. In order to generate a coherent radiation in terahertz (THz) region, it is
necessary to produce sub-picosecond electron pulses. Velocity bunching scheme is employed for the short electron
pulse production in t-ACTS. We experimentally confirmed the production of short electron pulse under 500 fs by
measuring the bunch length using a streak camera. Coherent transition radiation in THz region was produced by which
the short electron pulses pass through a vacuum-metal interface. Several radiation properties including spatial
distribution, polarization and spectrum were measured and compared with theoretical calculations. The details of the

beam experiment at t-ACTS are described.
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Figure 1: Geometry of calculation for transition
radiation.
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Figure 2: Form factor as a function of the ratio of
radiation wavelength and bunch length for Gaussian
bunch.
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Table 1: Electron Beam Parameters

Macropulse length ~ ~2.0 ps

Number of bunch ~5700 bunches/macropulse

Beam energy 30~50 MeV

Bunch charge 3 ~ 4 pC/microbunch

Bunch length (6,)  0.04 ~2 ps (Calculation)
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Figure 3: Intensity of transition radiation as a function of
microbunch charge. Solid line shows the quadratic
dependence expected for coherent radiation.
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Figure 4: Calculated spatial distribution of radiation. (a),
(b) Calculated spatial profiles of horizontal and vertical
polarized radiation. (c), (d) Measured spatial profiles of
horizontal and vertical polarized radiation. (¢) Sum of the
horizontal and vertical polarized components. (f)
Measured spatial distribution w/o wire grid polarizer.
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Figure 5: Angular distribution of normal incident
transition radiation generated by 30 MeV electrons. Red
line and blue dots are a calculated angular distribution
and the measured intensity of radiation, respectively.
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Figure 7: (a) Measured interferogram of transition
radiation with different injection phases (0°, —4°and —8°).
(b) Frequency spectrum obtained by Fourier transform.
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Figure 8: Frequency spectra of the coherent transition
radiation measured with 0° injection phase and the

corresponding  fit function for Dbunch length
reconstruction.
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Figure 9: Bunch length as a function of injection phase
of velocity bunching. Solid line shows derived bunch
length by GPT simulation. Solid circle is measured
bunch length using streak camera and open square is
derived from the fitting using Eq. (7).
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