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Abstract

The test accelerator t-ACTS (test Accelerator as Coherent THz Source) at the Research Center for Accelerator and
Radioisotope Science (formerly Research Center for Electron Photon Science), Tohoku University has employed an ITC
(independently tunable cells) RF electron gun with a CeBs thermionic cathode. We are planning to introduce a
photocathode of CeBs or Cu cathode to increase the bunch-charge and synchronize with the round-trip frequency of an
FEL optical resonator. Currently, t-ACTS supplies the bunch-charge of 5 pC, whereas the goal is to increase it more than
50 pC. Since the effect of back-bombardment is stronger with the bunch-charge, it turns to be difficult to operate the
electron gun stably with higher bunch-charge as a result. The photo-injector is an attractive solution to avoid back-
bombardment in the higher bunch-charge operation. By providing appropriate laser pulse duration and RF phase, the
bunch charge will be increased without the back bombardment effect. The number of bunches per macro-pulse decreases
in the photocathode operation because it is difficult to operate the driving laser at RF frequency (2856 MHz). However,
since the intensity of coherent radiation is basically proportional to the square of the bunch-charge, an increase of the
bunch-charge may be much effective. The laser system consists of a Yb fiber laser oscillator (wavelength is around
1047 nm), AOM (acousto-optic modulator), a multi-pass amplifier, and two set of BBO crystal which is used to forth
harmonic generation (262 nm). The assembly of the oscillator has almost been completed, and work for synchronization
with RF is on the way. In this paper, we will report on the progress of laser system development for the photocathode
operation in t-ACTS.
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Figure 1: The longitudinal phase space distributions at the
entrance of alpha magnet (blue) and the 0.5 m downstream
of accelerating structure (pink) simulated by GPT with
Spacecharge3D model. The pulse length and spot size of
the drive laser are assumed to be 1 ps (Gaussian) and 3 mm
(flat), respectively. Simulation results for a 50 pC bunch
show that the bunch length of about 70 fs can be obtained
with the velocity bunching scheme in t-ACTS.
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Figure 2: Schematic diagram of the entire system. AOM (Acousto-Optical Modulator) converts the laser light from CW
(39.67 MHz) to pulse train (~2 ps). In the fourth harmonic generator, the second harmonic is generated twice to obtain

the fourth harmonic (262 nm).
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Figure 3: Schematic diagram of Yb fiber laser oscillator.
LD (laser diode) that pumps the fiber and the oscillation
light are connected by WDM (wavelength division
multiplexing) Coupler. PBS (polarizing beam splitter)
separates the s-polarized light. The movement range of
piezo actuator is ~15 pm.
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Figure 4: Schematic diagram of synchronization system.
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Figure 5: Spectrum of the Oth order light from the Yb fiber
laser oscillator. The spectral width and center wavelength
are 37 nm and 1033 nm, respectively.
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Figure 6: Phase difference signal from phase detector.
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