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Opening up new horizons with photonics
RIKEN Center for Advanced Photonics (RAP) is helping 
to realize the dream of making the invisible visible. 

As one example, stroboscopes, which allow us to see 
high-speed phenomena by pulsing light in a short 
duration, cannot catch the movements of molecules or 
atoms because they simply move too fast. However, 
thanks to research in photonics, lasers developed to 
generate pulses at even shorter duration such as 10-15 

second (1 femtosecond) or 10-18 second (1 attosecond) 
now allow us to see the movements of electrons in 
atoms or molecules.

Electron microscopy makes it possible for us to 
observe objects at extremely high resolution. However 
it requires the specimen to be put in a vacuum, making 
it impossible to see living cells. Using an optical 
microscope opens up that possibility. It was generally 
thought that it was impossible to picture objects 
smaller than half of the wavelength of light in the visible 
spectrum, but the super-resolution microscopes break 
this barrier and allow us to access the nanoworld.

We sometimes need to inspect the inner structure of a 
device or look for contamination in foods without 
destroying a sample. Terahertz wave makes this 
possible. Terahertz wave, which has been called the 
“unexplored spectrum of light,” is now moving into the 
application phase thanks to advances in light sources 
and detectors.

In addition, applications in the field of photonics are 
expanding in areas such as light wave manipulation 
with metamaterials, relativistic geodesy using 
ultraprecision optical lattice clocks, nondestructive 
inspection of concrete structures with a compact 
neutron source, all making visible what nobody has 

ever seen before. Being able to see objects helps us to 
understand and manipulate them.

The work of the Center for Advanced Photonics 
focuses not simply on making discoveries that will be 
recognized by the research community, but rather on 
contributing to society by developing practical 
applications of advanced photonics.

Just as our social infrastructure was transformed by 
the steam engine in the 19th century and by electronics 
in the 20th century, photonics technology will lead to 
another transformation of social infrastructure in the 
current century.

The possibilities opened by photonics are expanding. 
We are still in the very early stage of this new 
revolution.

RIKEN Center for Advanced Photonics is committed to 
expanding the horizons of photon science.
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Recent advances in femtosecond high-intensity laser technology have made it possible 

to generate intense ultrashort pulses of a few cycles and control their phases. As a 

result, research on the nonlinear interaction between light and atoms/molecules has 

progressed dramatically, and new research areas such as high-order harmonic 

generation, Coulomb explosion, and high-energy X-ray/particle generation have been 

born. High-order harmonic generation can provide intense attosecond pulses that cause 

nonlinear optical phenomena in the extreme ultraviolet to soft X-ray region. The 

generation of high-order harmonics is also a unique physical phenomenon that makes it 

possible to observe ultrafast phenomena occurring in atoms and molecules on an 

attosecond time scale. Our team is researching extreme nonlinear optics and 

attosecond　atomic/molecular dynamics using a high-intensity attosecond pulse light 

source.

Expanding the horizon of optical science 
by attosecond photonics

Attosecond Science Research Team

Interdisciplinary Science and Engineering,
Engineering, Physics, Chemistry

▲

 Fields

Autocorrelation waveform of attosecond pulse train 
measured with carbon ion yield from acetylene

Most of the phenomena in nature are realized by the dynamic behavior of molecules. 

Among them, chemical reactions are critically important, which dynamically cause the 

cleavage and formation of chemical bonds and alter the nuclear arrangement within the 

molecules. Even non-reactive molecules are vibrating, which provides rich information 

about the molecular properties. Because the timescale of such molecular motion is 

femtosecond (one quadrillionth of a second), femtosecond spectroscopy is essential 

for elucidating chemical phenomena. Our team investigates the dynamics of molecules 

from fundamental to complex systems, as well as the molecules in special 

environments such as interfaces. We extend the frontier of molecular science through 

the development and use of advanced spectroscopic methods.

Elucidating complex molecular dynamics 
with femtosecond light

Coherent nuclear motion of the chromophore of a protein in reaction
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Clocks have served as a tool to share time, based on universal periodic phenomena; 

humankind relied upon the rotation of the earth from antiquity. The radiation from an atom 

provides us with far more accurate periodicity. The state-of-the-art atomic clocks sense 

the relativistic space-time curved by gravity, which reveal the difficulty of sharing time with 

others. Moreover, such clocks may be used to investigate the constancy of fundamental 

constants, where the foundation of the atomic clocks is anchored. 

Optical lattice clocks raised the possibility of ultra-stable and accurate timekeeping by 

applying the "magic wavelength" protocol on optical lattices. Since the proposal of the 

scheme in 2001, the optical lattice clocks are being developed by more than 20 groups in 

the world, and the clocks are surpassing the uncertainty of the current SI second, becoming 

one of the most promising candidates for the future redefinition of the second. 

Our team develops highly precise and transportable optical lattice clocks capable of 

long time operation by introducing advanced techniques in the field of atomic physics 

and quantum optics; we thus explore applications of "space-time engineering" that fully 

utilize the novel time resource provided by such clocks. For example, a transportable 

ultraprecise atomic clock, which may be taken out into the field, will function as a 

gravitational potential meter. We experimentally investigate the impact of such 

relativistic geodesy and new roles for clocks in the future. 

Relativistic Space-Time Engineering 
with Ultra Precise Atomic Clocks

Space-Time Engineering Research Team

Interdisciplinary Science and Engineering,
Engineering

▲

 Fields

Remote frequency comparison of optical lattice clocks between RIKEN and the University 
of Tokyo (UTokyo) reveals their different tick rates as predicted by general relativity.

Advances in device fabrication techniques have enabled integration of individual 

nanomaterials, where single electrons and single photons could be addressed. We 

exploit state-of-the-art nanofabrication technologies to develop and engineer 

optoelectronic devices with novel functionalities that can only be achieved by utilizing 

the quantum nature of electrons and photons at the nanoscale. We investigate devices 

that would allow for control over the interactions between electrons and photons at the 

quantum mechanical level, which would lead to quantum photon sources and 

optical-to-electrical quantum interfaces.

Towards optoelectronic devices that utilize 
the quantum nature of electrons and photons

Scanning electron micrograph of a suspended carbon nanotube field effect transistor
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Laser is the ultimate light source created by mankind, and it has become an indispensable 

tool for our social life. In this laboratory, our main goal is to create an unexplored ultrafast 

laser by using the extreme nature of laser such as ultrashort pulse, super broadband, high 

power, and so on. Specifically, we are developing a high-power a few-cycle laser source, 

and using it to develop novel laser source with full coherence in the soft x-ray region and a 

pulse width of attosecond region. We extend the frontier of laser science through the 

development of novel laser sources.

Creating novel ultrafast soft x-ray sources 
using the extreme nature of laser

Ultrafast Coherent Soft X-ray Photonics Research Team

Interdisciplinary Science and Engineering,
Engineering, Complex systems
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Electron beams are used for examples in electron microscopy and electron-beam 

lithography, where high spatial resolution is required. By using state-of-the-art laser and 

electron-beam technologies, we control the temporal structure of an electron beam with 

ultimate attosecond resolution and apply the controlled electron beams for imaging and 

controlling ultrafast chemical reactions. We explore the atomic-scale dynamics of 

electrons in a material which is the initial step of most photochemical reactions.

Space-time imaging of the initial steps of 
chemical reactions with ultrashort electron beams

Light-wave modulation of an electron beam
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Laser is the ultimate light source created by mankind, and it has become an indispensable 

tool for our social life. In this laboratory, our main goal is to create an unexplored ultrafast 

laser by using the extreme nature of laser such as ultrashort pulse, super broadband, high 

power, and so on. Specifically, we are developing a high-power a few-cycle laser source, 

and using it to develop novel laser source with full coherence in the soft x-ray region and a 

pulse width of attosecond region. We extend the frontier of laser science through the 

development of novel laser sources.
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electron-beam technologies, we control the temporal structure of an electron beam with 

ultimate attosecond resolution and apply the controlled electron beams for imaging and 

controlling ultrafast chemical reactions. We explore the atomic-scale dynamics of 

electrons in a material which is the initial step of most photochemical reactions.
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Light is a cutting-edge tool for life science research. Development of useful fluorescent 

probes and the advancement of light microscope technologies have brought us a new 

world of “live” imaging within a cell. We are developing super-resolution confocal live 

imaging microscopy (SCLIM) by the combination of a high-speed confocal scanner and a 

high-sensitivity camera system. With this method we will observe membrane trafficking 

and organellar dynamics in living cells at high-speed and sub-wavelength space resolution 

(4D) and elucidate underlining molecular mechanisms. We will also try to extend this 

technology to medical and pharmacological applications.

Observe nano-scale activities within a living cell 
by sub-wavelength high-speed imaging

Live Cell Super-Resolution Imaging Research Team

Biological Sciences, Complex systems, 
Interdisciplinary science and engineering,
Biology / Biochemistry
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We label a fluorescent probe on a specific region of a biological molecule and bring it 

back into a cell. We can then visualize how the biological molecule behaves in response 

to external stimulation. Since fluorescence is a physical phenomenon, we can extract 

various kinds of information by making full use of its characteristics. For example, the 

excited energy of a fluorescent molecule donor transfers to an acceptor relative to the 

distance and orientation between the two fluorophores. This phenomenon can be used 

to identify interaction between biological molecules or structural change in biological 

molecules. Besides, we can apply all other characteristics of fluorescence, such as 

polarization, quenching, photobleaching, photoconversion, and photochromism, in 

experimentation. Cruising inside cells in a super-micro corps, gliding down in a 

microtubule like a roller coaster, pushing our ways through a jungle of chromatin while 

hoisting a flag of nuclear localization signal --- we are reminded to retain a playful and 

adventurous perspective at all times. What matters is mobilizing all capabilities of 

science and giving full play to our imagination.  

Bioimaging Technologies
by use of glowing proteins

Cultured HeLa cells expressing the photoconvertible fluorescent protein, Keade. 
Before (left) and after (right) multiple, local irradiation of violet laser light, 
green-to-red color conversion occurred in the cytosol or nucleus of targeted cells. 
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(Left) SCLIM2 microscope. 
(Right) Yeast trans-Golgi network (red) and clathrin-coated vesicles (green) assembling and 
leaving there. Captured from a high-speed 3D movie taken by SCLIM2.
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Our goal is to develop original RIKEN data processing technology and multidimensional 

measurement technology in order to contribute to understanding biological phenomena. 

We are especially contributing to the fields of mathematical biology, bio-medical 

simulations as well as medical diagnostic and treatment technology by researching and 

developing new data and image processing technologies and establishing new tools for 

quantification of biological phenomena, intended for researchers both inside and outside 

RIKEN. 

Image processing research 
for scientific information

Image Processing Research Team

Engineering, Informatics, Computer Science

▲

 Fields

Our team intensively studies novel photon manipulation technologies using knowledge 

and experiences obtained from the researches on light wave interaction with 

sub-wavelength fine structures. These photon manipulation technologies will be applied 

for three-dimensional nanofabrication systems, ultra-high sensitive molecular sensing 

devices, and so on. Figure (a) shows a scanning electron microscope image of RIKEN’ s 

logo consists of a sub-wavelength aluminum structure, which absorbs light of certain 

wavelength determined by its size and shape. Figure (b) shows an observed image of 

the RIKEN’ s logo under white light illumination. Figure (c) shows a demonstrated color 

palette covering a broad gamut of colors.
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wavelength determined by its size and shape. Figure (b) shows an observed image of 

the RIKEN’ s logo under white light illumination. Figure (c) shows a demonstrated color 

palette covering a broad gamut of colors.
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Our research team is developing advanced laser processing techniques which realize 

low environmental load, high quality, high efficiency fabrication of materials. In 

particular, by using femtosecond lasers, novel material processing techniques including 

3D fabrication, surface nanostructuring, novel nanomaterial synthesis, and tailored 

beam processing are developed, which are applied to fabricate highly functional 

micro/nanodevices. As one of examples,  our team successfully fabricated 3D 

microfluidic surface enhanced Raman spectroscopy (SERS) chips by combining 

different types of femtosecond laser processing (hybrid femtosecond laser processing). 

The fabricated SERS chips enabled real-time sensing of trace substances as well as 

ultrasensitive detection of analytes at attomolar-level concentrations. The developed 

technique will offer high sensitivity diagnosis of diseases such as viral infection and 

Alzheimer's disease in early stages.

Femtosecond Laser 3D Processing: 
Fabrication of Highly Functional Micro/Nanosystems
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(Left) Schematic illustration of a new SERS sensing scheme (Liquid Interface Assisted SERS: 
LI-SERS) enabling attomolar sensing.
(Right) Analysis of R6G solution at a concentration of 10-17 M by LI-SERS using a microfluidic SERS chip.

▲

 Member

Kotaro Obata / Shi Bai / Jiawei Zhang /
Ashkan MomeniBidzard / Kazunari Ozasa / 
Shota Kawabata

1.  Zhang, J., Obata, K., Ozasa, K., Uzawa, T., Ito, Y., 
Sugioka, K.: “Rapid manufacturing of glass-based 
digital nucleic acid amplification chips by ultrafast 
Bessel pulses” , Small Sci. 4, 2300166 (2024).

2.  Kawabata, S., Bai, S., Obata, K., Miyaji, G., and 
Sugioka, K.: “Two-dimensional laser-induced 
periodic surface structures formed on crystalline 
silicon by GHz burst mode femtosecond laser 
pulses” , Int. J. Extreme Manuf. 5, 015004 (2023).

3.  Bai, S., Serien, D., Ma, Y., Obata, K., and Sugioka, 
K.: “Attomolar sensing based on liquid-interface 
assisted surface enhanced Raman scattering in 
microfluidic chip by femtosecond laser 
processing” , ACS Appl. Mater. Interfaces 12, 
42328–4233 (2020).

4.  Bai, S., Serien, D., Hu, A., and Sugioka, K.: 
“Three-dimensional microfluidic SERS chips 
fabricated by all-femtosecond-laser- processing 
for real-time sensing of toxic substances” , Adv. 
Funct. Mater. 28, 1706262 (2018).

5.  Wu, D., Xu, J., Niu, L., Wu, S., Midorikawa, K., and 
Sugioka, K.: “In-channel integration of designable 
microoptical devices using flat 
scaffold-supported femtosecond-laser 
microfabrication for coupling-free optofluidic cell 
counting” , Light Sci. Appl. 4, e228 (2014).

Digital Twin for Light-Matter Interaction RIKEN ECL Research Team
RIKEN ECL Team Leader Shuntaro Tani

With the advancement of laser technology, we can now apply laser fields onto materials, 

the strength of which is comparable to the interatomic bonds of the materials 

themselves. These strong and controllable light electric fields are expected to be 

utilized in precise laser processing and various forms of material state control. 

However, the physics underlying irreversible processes, such as the fragmentation of a 

continuous solid into discrete atoms, remains not fully understood. At present, 

extensive trial and error is necessary to control these processes. In this research 

project, we aim to develop a method to extract the 'context' of phenomena by 

extensively observing microscopic processes beginning with photoexcitation, through 

the complete automation of experiments. Utilizing this technique, we intend to elucidate 

the governing equations of materials' irreversible transformation and construct a digital 

twin for optimizing these processes.

Constructing Digital Twin 
for Multi-Scale Phenomena Driven by Photo-Excitation

Energy diagram of material destruction driven by ultrafast laser pulses
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(Left) Schematic illustration of a new SERS sensing scheme (Liquid Interface Assisted SERS: 
LI-SERS) enabling attomolar sensing.
(Right) Analysis of R6G solution at a concentration of 10-17 M by LI-SERS using a microfluidic SERS chip.
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However, the physics underlying irreversible processes, such as the fragmentation of a 

continuous solid into discrete atoms, remains not fully understood. At present, 

extensive trial and error is necessary to control these processes. In this research 

project, we aim to develop a method to extract the 'context' of phenomena by 

extensively observing microscopic processes beginning with photoexcitation, through 
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twin for optimizing these processes.
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Terahertz-wave Research Group

Tera-Photonics Research Team
Team Leader Hiroaki Minamide

Our team develops state-of-the-art frequency-tunable THz-wave sources which exploit 

new THz-wave application fields. A nonlinear optical process is utilized for realizing the 

THz-wave source which lights up the THz-wave gray zone, and our original design and 

method will be demonstrated. We develop THz sources with high output, wide tunability, 

high stability and narrow linewidth. 

Active collaboration with both internal and external research groups is carried out for 

exploring new applications by development of instrument combined with new THz-wave 

sources. Advanced THz-wave technologies are also being developed in cooperation 

with industry to establish practical THz-wave sources and technologies in the world.

Leading Terahertz science & applications 
with innovative Tera-photonics technology

Backward terahertz parametric oscillator（left）, PPLN crystals（top right）, 
and THz-wave imaging (bottom right)
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Interdisciplinary science and engineering

▲

 Keywords

Development of kilo-watt-power Terahertz-wave 
source, Sensitive Terahertz-wave detection,
Terahertz-wave applications, 
Nondestructive measurements, Nonlinear optics

▲

 Publications

▲

 Member

Yuma Takida / Joselito Muldera / 
Deepika Yadav / Alexander De Los Reyes /
Yuehong Xu

▲

 Fields

1.  Nishida, M., Notake, T., Takida, Y., Hirosawa, K., 
Ohata, N., and Minamide, H.: “High-repetition-rate 
injection-seeded terahertz-wave parametric 
generation pumped by a 1.5 μm sub-nanosecond 
laser” , Appl. Phys. Lett. 124, 12 121105 (2024).

2.  Satou, A., Negoro, T., Narita, K., Hosotani, T., 
Tamura, K., Tang, C., Lin, T.-T., Retaux, P.-E., Takida, 
Y., Minamide, H., Suemitsu, T., and Otsuji, T.:
“Gate-readout and a 3D rectification effect for 
giant responsivity enhancement of asymmetric 
dual-grating-gate plasmonic terahertz detectors” , 
Nanophotonics 12, 23 4283–4295 (2023).

3.  Shirato, M., Takida, Y., Kanno, T., Matsuura, H., 
Niwano, Y., Minamide, H., Nakamura, K.:
“Mutagenicity assessment of high-power 1.6-THz 
pulse laser radiation” , Photochem. Photobiol. 100, 
146-158 (2023).

4.  Muldera, J.E., Nawata, K., Takida, Y., Yadav, D., and 
Minamide, H.: “Tunable backward terahertz-wave 
parametric oscillator centered at a high frequency 
of 0.87 THz with injection seeding” , Opt. Express 
31, 15 23966-23973 (2023).

5.  Tamura, K., Tang, C., Ogiura, D., Suwa, K., 
Fukidome, H., Takida, Y., Minamide, H., Suemitsu, 
T., Otsuji, T., and Satou, A.: “Fast and sensitive 
terahertz detection with a current-driven 
epitaxial-graphene asymmetric dual-grating-gate 
field-effect transistor structure” , APL Photonics 7, 
12 126101 (2022).

D.Eng.

Reprinted from RIKEN NEWS 2024 Summer



16 17

Terahertz-wave Research Group

Tera-Photonics Research Team
Team Leader Hiroaki Minamide

Our team develops state-of-the-art frequency-tunable THz-wave sources which exploit 

new THz-wave application fields. A nonlinear optical process is utilized for realizing the 

THz-wave source which lights up the THz-wave gray zone, and our original design and 

method will be demonstrated. We develop THz sources with high output, wide tunability, 

high stability and narrow linewidth. 

Active collaboration with both internal and external research groups is carried out for 

exploring new applications by development of instrument combined with new THz-wave 

sources. Advanced THz-wave technologies are also being developed in cooperation 

with industry to establish practical THz-wave sources and technologies in the world.

Leading Terahertz science & applications 
with innovative Tera-photonics technology

Backward terahertz parametric oscillator（left）, PPLN crystals（top right）, 
and THz-wave imaging (bottom right)

Engineering, 
Interdisciplinary science and engineering

▲

 Keywords

Development of kilo-watt-power Terahertz-wave 
source, Sensitive Terahertz-wave detection,
Terahertz-wave applications, 
Nondestructive measurements, Nonlinear optics

▲

 Publications

▲

 Member

Yuma Takida / Joselito Muldera / 
Deepika Yadav / Alexander De Los Reyes /
Yuehong Xu

▲

 Fields

1.  Nishida, M., Notake, T., Takida, Y., Hirosawa, K., 
Ohata, N., and Minamide, H.: “High-repetition-rate 
injection-seeded terahertz-wave parametric 
generation pumped by a 1.5 μm sub-nanosecond 
laser” , Appl. Phys. Lett. 124, 12 121105 (2024).

2.  Satou, A., Negoro, T., Narita, K., Hosotani, T., 
Tamura, K., Tang, C., Lin, T.-T., Retaux, P.-E., Takida, 
Y., Minamide, H., Suemitsu, T., and Otsuji, T.:
“Gate-readout and a 3D rectification effect for 
giant responsivity enhancement of asymmetric 
dual-grating-gate plasmonic terahertz detectors” , 
Nanophotonics 12, 23 4283–4295 (2023).

3.  Shirato, M., Takida, Y., Kanno, T., Matsuura, H., 
Niwano, Y., Minamide, H., Nakamura, K.:
“Mutagenicity assessment of high-power 1.6-THz 
pulse laser radiation” , Photochem. Photobiol. 100, 
146-158 (2023).

4.  Muldera, J.E., Nawata, K., Takida, Y., Yadav, D., and 
Minamide, H.: “Tunable backward terahertz-wave 
parametric oscillator centered at a high frequency 
of 0.87 THz with injection seeding” , Opt. Express 
31, 15 23966-23973 (2023).

5.  Tamura, K., Tang, C., Ogiura, D., Suwa, K., 
Fukidome, H., Takida, Y., Minamide, H., Suemitsu, 
T., Otsuji, T., and Satou, A.: “Fast and sensitive 
terahertz detection with a current-driven 
epitaxial-graphene asymmetric dual-grating-gate 
field-effect transistor structure” , APL Photonics 7, 
12 126101 (2022).

D.Eng.

Reprinted from RIKEN NEWS 2024 Summer



Terahertz-wave Research Group

18 19

▲

 Fields

Terahertz Quantum Device Research Team
Team Leader Hideki Hirayama D.Eng.

Terahertz light having both the transparency of radio wave and the high resolution of light 

is expected to be used in a wide range of application fields as a light source for various 

perspective and nondestructive inspections. We are developing THz-QCL (terahertz 

quantum-cascade laser), which is expected to be a very compact, portable, high power 

terahertz light source. Through the introduction of a new quantum subband structure 

and/or nitride semiconductors, THz-QCL aiming for implementation in society is being 

developed by performing room temperature oscillation and enlarging the operating 

frequency region which have been impossible so far. By developing the next generation 

compact terahertz imaging devices, we would like to contribute to the realization of a 

prosperous society in the near future.

Development of 
compact and potable terahertz laser source  

Photograph and operating properties of terahertz quantum-cascade laser (THz-QCL)
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Terahertz (THz) wave has the unique characteristics such as the transparency to many 

soft materials and their spectral absorption features. These characteristics can be utilized 

for many applications in various scientific and industrial fields. In this team, we are 

developing novel technologies, science and applications in THz sensing, imaging, and 

detection. In particular, we are conducting research and development on the control of 

molecular structure and function by THz-wave irradiation, high-sensitivity imaging and 

observations using superconducting detectors as well as the collaborative research and 

development with companies.

Terahertz Sensing, 
Imaging and Applications

(Left) Inhibition of cell division by actin protein fibrillation in cells by terahertz-wave irradiation (microscopic image).

(Right) VNA spectrum of a thin-film superconducting microwave resonator with a high quality factor (Qi~108).
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Terahertz light having both the transparency of radio wave and the high resolution of light 

is expected to be used in a wide range of application fields as a light source for various 

perspective and nondestructive inspections. We are developing THz-QCL (terahertz 

quantum-cascade laser), which is expected to be a very compact, portable, high power 

terahertz light source. Through the introduction of a new quantum subband structure 

and/or nitride semiconductors, THz-QCL aiming for implementation in society is being 

developed by performing room temperature oscillation and enlarging the operating 

frequency region which have been impossible so far. By developing the next generation 

compact terahertz imaging devices, we would like to contribute to the realization of a 

prosperous society in the near future.

Development of 
compact and potable terahertz laser source  

Photograph and operating properties of terahertz quantum-cascade laser (THz-QCL)

Optical Devise Engineering, Quantum Electronics, 
Semiconductor Physics

▲

 Keywords

Terahertz, Quantum cascade lasers, 
Inter-subband transition, 
Nitride semiconductors lasers, 
Molecular-beam epitaxy

▲

 Publications

▲

 Member

Li Wang /  Krishan Kumar / 
Shashank Shekhar Mishra / Takayuki Ishida / 
Kenji Yamazawa / Manabu Kadowaki

1.  Wang, L., Lin, T. T., Wang, K., and Hirayama, H.:
“Clean three-level direct-phonon injection terahertz 
quantum cascade laser” , Applied Physics Letters, 
Vol. 122, pp. 221103 (2023).

2. Wang, L., Chen, M., Lin, T. T., Wang, K., and 
Hirayama, H.: “Interdiffusion limiting on 
self-consistent optical gain in terahertz quantum 
cascade lasers” , Applied Physics Express Vol. 16, 
072004 (2023).

3.  Wang, L., Lin, T. T., Chen, M., Wang, K., and 
Hirayama, H.: “Terahertz quantum cascade laser 
considering compositional interdiffusion effect” , 
Applied Physics Express Vol. 16, pp. 032007 
(2023).

4.  Lin, T. T., Wang, L., Wang, K., Grange, T., Birner, S., 
Miyoshi, T., and Hirayama, H.:” Increasing the 
output power of a heavily doped terahertz 
quantum cascade laser by avoiding the subband 
misalignment” , Journal of Applied Physics, Vol. 
132, pp. 173101-1-10 (2022).

5.  Lin, T. T., Wang, L., Wang, K., Grange, T., Birner, S., 
and Hirayama, H.:” Over one watt output power 
terahertz quantum cascade lasers by using high 
doping concentration and variable barrier-well 
height” , physica status solidi RRL, Vol. 16, pp. 
2200033 (2022).

▲

 Fields

Terahertz (THz) wave has the unique characteristics such as the transparency to many 

soft materials and their spectral absorption features. These characteristics can be utilized 

for many applications in various scientific and industrial fields. In this team, we are 

developing novel technologies, science and applications in THz sensing, imaging, and 

detection. In particular, we are conducting research and development on the control of 

molecular structure and function by THz-wave irradiation, high-sensitivity imaging and 

observations using superconducting detectors as well as the collaborative research and 

development with companies.

Terahertz Sensing, 
Imaging and Applications

(Left) Inhibition of cell division by actin protein fibrillation in cells by terahertz-wave irradiation (microscopic image).

(Right) VNA spectrum of a thin-film superconducting microwave resonator with a high quality factor (Qi~108).
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Our team investigates new optical technologies for solving world-wide environmental 

and energy problems. We are mainly developing remote-sensing system of poisonous 

gas, lidar as an atmospheric monitor for high energy cosmic ray observation, and 

solar-pumped laser for advanced energy source. We are also developing tunable 

laser-based biosensors for biomedical and agricultural applications. These researches 

will contribute to build and to maintain social environment that humans can live safely. 

Moreover, we are investigating fundamental research topics including particle control 

with high power Lyman α coherent source, and development of laser pumped neutron 

source. New applied researches were performed on the basis of basic research of laser 

materials, and nonlinear optics. We are also interested in space debris removable with 

space laser technology.

Development of photonics control technology 
for science and social issues

(a) Sodium LIDAR
(b) Coherent Lyman-α resonance radiation source for ultra-slow muon generation
(c) Laser inspection of infrastructure by courtesy of Shizuoka Pref. and Topcon Corp.

(d) Application of photonics control technology to plant cultivation
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Our team develops advanced ultrahigh-precision/micro fabrication technologies and their 

application to scientific apparatuses and devices to support advanced scientific research 

at RIKEN. Research and development plans of our team include the following four topics: 

(1) Development of ultrahigh-precision optics including design, fabrication, metrology and 

computational simulation; (2) Development of ultrahigh-precision/micro fabrication 

technologies; (3) Development of materials and devices for biology or biochemistry such 

as microfluidic immunoassay devices. 

In all R&D topics, our team collaborates with laboratories inside and outside of RIKEN and 

helps them to construct the most advanced experimental apparatuses, which will lead to 

innovative scientific research results.

Developing advanced optical components 
by ultrahigh precision technology

Newly Developed Supermirror Neutron Interferometer

Engineering, 
Interdisciplinary science and engineering
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Our team investigates new optical technologies for solving world-wide environmental 

and energy problems. We are mainly developing remote-sensing system of poisonous 

gas, lidar as an atmospheric monitor for high energy cosmic ray observation, and 

solar-pumped laser for advanced energy source. We are also developing tunable 

laser-based biosensors for biomedical and agricultural applications. These researches 

will contribute to build and to maintain social environment that humans can live safely. 

Moreover, we are investigating fundamental research topics including particle control 

with high power Lyman α coherent source, and development of laser pumped neutron 

source. New applied researches were performed on the basis of basic research of laser 

materials, and nonlinear optics. We are also interested in space debris removable with 

space laser technology.
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Our team develops advanced ultrahigh-precision/micro fabrication technologies and their 

application to scientific apparatuses and devices to support advanced scientific research 

at RIKEN. Research and development plans of our team include the following four topics: 

(1) Development of ultrahigh-precision optics including design, fabrication, metrology and 

computational simulation; (2) Development of ultrahigh-precision/micro fabrication 

technologies; (3) Development of materials and devices for biology or biochemistry such 

as microfluidic immunoassay devices. 

In all R&D topics, our team collaborates with laboratories inside and outside of RIKEN and 

helps them to construct the most advanced experimental apparatuses, which will lead to 

innovative scientific research results.
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The project of RIKEN accelerator-driven compact neutron system (RANS) has two main 

development goals: the first is the realization of an evaluation and analysis system for 

use in the field of manufacturing, and the second is the development of non-destructive 

inspection techniques and equipment for preventive maintenance at infrastructure sites. 

RANS-II with a total length of 5 m, which can be introduced into the onsite of 

manufacturing field, has been successfully developed. Neutron salt meter, RANS-μ for 

outdoor use was successfully used to measure bridge salt density on national 

highways, and inspection support performance catalogue of MILT. The transportable 

RANS-III will finally be installed inside a tractor.

Research and development of compact neutron system 
for practical use at anytime, anywhere

The future imaging of compact neutron non-destructive test system on-site
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It is inevitably required to devise and/or maintain variety of advanced research 

instruments and equipments to promote and support laboratories for wide ranges of 

research fields from fundamental to practical phases. The main duty of our team is to 

develop those instruments required by researchers, and also this duty should be 

conducted consequently from concept design to manufacture through detailed design 

and instrumentation. Our team also deals with improvement and maintenance of working 

scientific experimental equipments. For these purposes, we are constantly making efforts 

to improve our design, manufacturing and engineering capabilities for rapid services.

Example of manufactured parts 
for scientific apparatus and number of requests

Examples of manufactured components for 
scientific apparatuses and number of requests in FY2023
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