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Fig. 3 Bursts of Terahertz Radiation observed in the single bunch
operation of UVSOR-II, at around 200 mA (upper), at
around 180 mA (middle) and at around 150 mA (lower)?.
The detector signal is negative in polarity.
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Table 1 Main parameters of UVSOR-II during the experiments

Electron beam energy 600 MeV
Circumference 532m
Natural emittance 17.4 nm-rad
Natural energy spread 3.4x10-4
Momentum compaction factor 0.028

RF accelerating voltage 55kV

RF frequency 90.1 MHz
Natural bunch length 3.1cm
Synchrotron frequency 14.4 kHz
Damping time (longitudinal) 19 msec
Bending radius 2.2m

0.5 [

Ti:Sa Laser Triglger

Bolometer (CSR)

Detector Output (a. u.)
(=)

-0.5 1 1 I 1
-10 -8 -6 -4 -2 0

Time (msec)

Intense terahertz emission observed at BL6B!®. The tera-
hertz emission (lower) is coincident with the laser injection
presented by laser trigger pulses (upper). The trigger signal
and the detector signal are negative in polarity.
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Fig. 6 Terahertz intensity versus peak current of the electron
bunch!®. The measured data (blue dots) are well fitted with

a quadratic function (blue line).
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Fig. 7 Spectra of THz CSR obtained with various laser pulse dura-

tions, i.e., 160 (red), 320 (green), 530 (orange), and 710 fs
(blue)!¥. The spectrum of the normal SR measured using
the same system is plotted for comparison. The intensities of
the spectra are properly normalized for comparison. The
sharp cut-off at the low frequency side is due to the beam-line
optics. Some sharp dips around 20 cm~! are due to the ab-
sorption by the air.
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Fig. 8 Formation of periodic density structure on an electron bunch (simulation)!6'. The upper figures show electron
distribution in longitudinal phase space. The horizontal axis is for the longitudinal coordinate normalized by the
bunch length (the head of the bunch is right) and the vertical for the energy deviation. The lower figures are
projections onto real space. The vertical axis is for the electron density. From left to right, (a) before the interac-
tion, (b) just after the interaction, (c) after traveling some distance in the ring.
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Fig. 9 A few examples of the spectra of monochromatic CSR!®.
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Fig. 10 Tunability of monochromatic CSR!9. The observed emis-
sion frequency is plotted versus the laser modulation fre-
quency.
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Studies on Coherent Synchrotron Radiation
at UVSOR-II
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Abstract It is well known that ‘“synchrotron radiation is broadband in nature, from radio-wave to X-rays'’.
However, we have succeeded in producing quasi-monochromatic synchrotron radiation in a uniform magnetic
field. We have developed a new method to modulate longitudinal density distribution of electron beam by us-
ing laser. We have produced sinusoidal density modulation on an electron bunch circulating in the UVSOR-II
electron storage ring. We have observed that this bunch emitted quasi-monochromatic synchrotron radiation
in a uniform magnetic field. It was demonstrated that, by controlling the pulse shape of the laser, we could
control the radiation wavelength. The radiation mechanism was coherent synchrotron radiation. The emitted
light was not only monochromatic but also coherent. In addition, the intensity was much greater than normal
synchrotron radiation by many orders of magnitudes. By using this method, we can control the amplitude and
the phase of synchrotron radiation.
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