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Abstract

We have been intensively developing coherent light
sources utilizing electron bunches in the storage ring,
UVSOR-II, by adding some external components to the
ring. We have succeeded to generate free electron laser
(FEL) in visible to DUV range, coherent synchrotron radia-
tion (CSR) in THz range and coherent harmonic generation
(CHG) in VUV range have been extensively studied under
international collaborations. Recently, some achievements
are obtained such as FEL lasing with top-up injection mode
and turn-by-turn CSR generation. Based on these results,
a 5-year new research project on the coherent light source
developments has been started from FY2008. A part of the
injection beam transport line and a part of the storage ring
were reconstructed to produce a straight section dedicated
for the light source development. New laser system, undu-
lators and beamlines are under construction.

UPGRADE FOR COHERENT LIGHT
SOURCE DEVELOPMENTS

The first beam of UVSOR was in 1983. Since then, this
machine has been operated as one of the major synchrotron
light sources in Japan [1]. Its relatively low electron en-
ergy is suitable to produce synchrotron radiation in longer
wavelength region, from VUV to THz. In 2003, after 20
year operation, the storage ring had a major upgrade [2],
including a modification of the magnetic lattice [2]. After
this upgrade, we have started to call the ring, UVSOR-II.
The UVSOR-II has a small emittance of 27 nm-rad.

UVSOR has four 4-m long straight sections. Three of
them have been already occupied with three insertion de-
vices, all of which are undulators. One of them, named
US, is an optical-klystron type undulator of variable polar-
ization [3] is providing VUV radiation to a photo-electron
spectroscopy beam-line and is parasitically used for driving
a resonator type free electron laser [4] and for other coher-
ent light source technologies described below. And another
straight section was used for injection.

The previous coherent light source developments has
been performed by utilizing the existing FEL system and
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Figure 1: A part of the time schedule of the five-year
project. The project have been started from FY2008.

an infrared beam-line for public use. In order to develop
these technologies further and also to explore their applica-
tions, a 5-year new research project has been started. The
project builds up with creation of new straight section, con-
struction of new undulator optimized for the coherent light
sources [5] and construction of beamlines dedicated for the
coherent light sources [6].

The time schedule of the project is shown in Fig. 1. At
the present, in a shutdown term from March 2010 to June
2010, we have finished the first major upgrade of the ac-
celerators: the main RF cavity and some equipments are
moved and re-arranged, the injection point is changed and
new 4-m long straight section has been created. The beam
commissioning for the upgraded accelerator with the new
injection point will be started soon afterward. At FY2010,
we will finish constructing the whole of new undulator U1
and the dedicated beamline BL1B. At the end of FY2010,
we will install U1 and BL1B. The other dedicated beamline
BL1U will be constructed at FY2011 and install at FY2012.
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Figures 2 and 3 show the previous and future upgraded ac-
celerator, respectively.

At FY2008, we install a new amplifier Hidra-50/ CO-
HERENT which has ability to generate 50 mJ/pulse at rep-
etition rate of 10 Hz. At the end of FY2009, the other am-
plifier Legend-Cryo/ COHERENT (10-mJ/pulse at 10-Hz)
was installed into the laser system. The Legend-Cryo is
in start-up process. At present, the storage ring has been
equipped with external laser sources as shown in Table 1.
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Figure 2: Configuration of the UVSOR-II (before the re-
construction). MC indicates the chamber of the FEL res-
onator mirror.

By

Harmonic RF cavity

Main RF cavity

External laser pulse

Figure 3: Configuration of the UVSOR-IIT (after the
reconstruction). The injection point have been already
changed.
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Table 1: Specifications of Laser Amplifiers

Legend Hidra Legend
-Cryo
Repetition rate 1 kHz 10 Hz 1 kHz
Max. pulse energy 25mJ  50mlJ 10 mJ
Center wavelength 800nm 800nm 800 nm
Min. pulse duration 130 fs 130 fs 130 fs

RECENT PROGRESS IN LIGHT SOURCE
DEVELOPMENTS

After the upgrade of the magnetic lattice in 2003 and
of the main RF cavity in 2005, the performance of the
resonator-type free electron laser (FEL) was greatly im-
proved [7]. Utilizing excellent properties such as the high
average power, the wide spectral range from 800 nm to
199.4 nm [9], the natural synchronization with the SR
and variable polarization, several users experiments are in
progress [8]. At FY 2008, we have developed a feedback
system to stabilize the optical cavity. The feedback system
continuously controls cavity mirror alignment as monitor-
ing the output laser power. The rapid derease of the output
power just after the start of the oscillation was successfully
suppressed [6] and we have achieved FEL lasing with top-
up operation [4]. Some basic researches on the free elec-
tron laser dynamics has been successfully in progress, in
collaboration with French group [10].

The Ti:sapphire laser system was synchronized with the
RF acceleration of the ring. The laser beam is transported
through the optical ports for the FEL. The undulator U5,
which can be tuned to the laser wavelength of 800 nm, is
used as the modulator. It was successfully demonstrated
to produce intense coherent synchrotron radiation (CSR)
in the terahertz region with variations on spectral prop-
erty [11]. In particular, for the first time, we have succeeded
in producing monochromatic CSR in the bending magnet.
For enhancing power of the CSR, we have also succeeded
in turn-by-turn generation of CSR with a low alpha (1/2
and 1/3) operation mode [12]. Recently, we have installed
an optical fiber as shown in Fig. 4, which realizes stable
transportation of the short laser pulse from oscillator MIRA
to the bamline BL6B. We succeeded to measure THz-CSR
electric field with an electro-optic sampling method by uti-
lizing this transported laser pulse as the probe pulse [13].

The laser system has been also used for coherent har-
monic generation (CHG) experiment in collaboration with
French group. The CHG has possibility to produce coher-
ent radiation with short wavelength where cavity mirrors
for the FEL are not available. Following the successful
production of coherent third harmonics [14], CHG in he-
lical configuration was successfully demonstrated for the
first time [15]. Some basic researches on CHG are on
going [16]. At FY2009, we installed VUV spectrometer
measurement system to the FEL cavity line, which realizes
measurement of CHG spectra in the region from 50 nm to
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300 nm [17].

Adding to the above coherent light sources, we have per-
formed gamma ray pulse generation in MeV region via
laser Compton scattering [18].
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Figure 4: A schematic drawing of the laser system.
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