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1. Introduction 

Coherent-radiation energy with a wide wave-
length tunability and a high power is an indispensa-
ble tool for exploiting cutting-edge science. The re-
search in this section aims at generating and applica-
tion of new quantum-radiation energy. Free-electron 
laser (FEL) is one of such radiation. We have been 
developing a mid-infrared FEL, KU-FEL. To extend 
study field wider wavelength region, a coherent A 
compact THz source, high Tc undulator for X-ray 
generation, and Laser Compton Gamma-ray (LCS) 
for isotope imaging have been carried out. Transdis-
ciplinary research on renewable energy has also been 
promoted through international collaborations. 

2.  Free-electron Laser  
FEL is a next generation light source because of 

its wide wavelength tunability where the convention-
al lasers cannot reach, potential high efficiency, and 
high peak power. However, the system is usually 
much larger and the cost is higher than conventional 
lasers. We are going to overcome these difficulties by 
exploiting an RF (radio-frequency) gun, a high Tc 
undulator, etc. 

2.1 KU-FEL 
The target wavelength of KU-FEL is MIR (Mid 

infra-red) regime, from 5 to 20 m, with high-power 
and turnability for basic researches on energy materi-
als. Figure 1 shows a schematic drawing of the 
KU-FEL system. The KU-FEL consists of a 4.5-cell 
thermionic RF gun, a 3-m travelling wave accelerator 
tube, a beam transport system, and a 1.8-m undulator 
and a 5-m optical resonator. The FEL device now can 
cover the wavelength range from 3.4 to 28 m. The 
maximum macro-pulse energy which can provide is 
around 60 mJ in a 2-s macro-pulse at the wave-
length of 9.8 m. The FEL is routinely operated and 
opened for internal and external users. 

For increasing the peak power of the KU-FEL, 
the photocathode operation of the 4.5-cell thermionic 
RF gun has been established. Under the photocathode 
operation, the micro-pulse energy of 100 J and the 
world highest extraction efficiency (9.4%) of the os-
cillator-type FEL has been achieved. Then the mi-
cro-pulse duration was shortened down to 150 fs 

(~4.2 cycles at 11 m).  
For further increase of the peak power of 

KU-FEL, newly fabricated 1.6-cell RF gun has been 
installed at the upstream side of the accelerator tube. 
The initial commissioning of the new RF gun was 
successfully finished and FEL lasing with the elec-
tron beam generated from the gun has been achieved. 
Currently a copper cathode is used and the electron 
bunch charge is small and the FEL intensity is not so 
high. The cathode will be exchanged to CsTe to in-
crease the FEL intensity. 

 

 
Fig. 1  Schematic drawing of the KU-FEL and THz-CUR 

2.2 THz Coherent Undulator Radiation Source 
A new compact terahertz coherent undulator ra-

diation source (THz-CUR in Fig. 1) has been con-
structed. It consists of a 1.6-cell RF-gun, a solenoid 
magnet, a magnetic chicane bunch compressor, a tri-
plet quadrupole magnet, a planar undulator, and a la-
ser system for photocathode. In this device, short 
electron bunches are generated by the photocathode 
RF gun and the bunch compressor. The electron 
bunches are injected to the undulator and intense co-
herent undulator radiation can be generated. 

The 1.6 cell RF gun used for the THz-CUR was 
replaced with an energy chirping cell attached RF 
gun for improving its performance under collabora-
tion with Dr. Sakaue, Tokyo University. The gun uti-
lizes a velocity bunching scheme for generating ul-
tra-short electron bunch. A commissioning experi-
ment has been done and the saturation of THz peak 
power due to the space charge effect can be success-
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fully suppressed. 
The polarization control method of the THz-CUR 

has been developed under collaboration with Dr. 
Kashiwagi, Tohoku University. The polarization state 
of the THz-CUR can be easily controlled from linear 
to left-handed circular and right-handed circular 
without significant power loss. 

2.3 Application of MIR-FEL and THz-CUR 
Many application researches of MIR-FEL and 

THz-CUR have been performed under the Joint Us-
age/Research Center for Zero Emission Energy Re-
search of our Institute. In JFY2022, 18 external user 
groups used KU-FEL.  

3.  Bulk SC Staggered Array Undulator 
An undulator with strong magnetic field will play 

an important role in future synchrotron light sources 
and FELs. We have developing a new undulator 
which consists of stacked bulk high critical tempera-
ture superconductors array and a solenoid magnet. As 
a next prototype of this type of undulator, we have 
developed new prototype consists of a new solenoid 
whose maximum field was 6 T and GM cryocooler. 
In order to reduce field amplitude fluctuation and to 
increase field strength, hybrid structure with vana-
dium permendur has been tested (Fig. 3).  

  
Fig. 3  Unduloator field using the GdBaCuO bulk super-
conductor and vanadium permendur (red line: Hybrid 
REBCO) is stronger than that of conventional GdBaCuO 
bulk superconductor (blue line: Original REBCO). Fluctu-
ation of peak field strength is slightly reduced. 

4.  Isotope Imaging for Nuclear Safety and 

Security 
We have proposed the F-LCS beam which has 

broader energy bandwidth with a small beam size 
and a spatially uniform energy spectrum. By using a 
helical undulator installed in a storage ring, such as 
the APPLE-II undulator in the BL1U beamline of 
UVSOR synchrotron facility, a circular motion of 
electrons stored in the storage ring can be excited. 
This circular motion of electrons widens the electron 
beam size and divergence. Due to the LCS interac-
tion principle, broader bandwidth and a wider spatial 
distribution of the scattered gamma-ray beam can be 
expected. A simulation with EGS5 code has been 
performed and the proof of principle experiment car-

ried out in the BL1U of UVSOR. 

5.  Social aspects of energy use 
Despite the enormous efforts, more than 775 mil-

lion people remain without electricity in 2023, of 
which 31 million live in Southeast Asia. Electrifica-
tion can positively influence poverty eradication and 
development as well as exacerbate already existing 
inequalities in those communities. Our group inves-
tigates such effects with a perspective focused on 
quality of life, comparing the process and results of 
different electrification systems in rural contexts in 
SE Asia (Fig. 5). Applying qualitative techniques, our 
most recent studies have found that PV systems have 
improved the capabilities for education in rural 
households, reduced reliance on kerosene lamps and 
car batteries, and helped social and family interaction. 
Also, how the system's capacity can limit economic 
development or create concerns about the shift in 
lifestyle and sleep cycles, given the extended use of 
lighting at homes. 

 
Fig. 5 Rural electrification survey sites 2016-2022 

In urban contexts of ASEAN, our group has ana-
lysed how household roles affect efficient appliance 
purchasing intention. Finally, in the context of Latin 
America, we also study geographical and so-
cio-cultural characterizations of household energy 
services. 
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