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Preface

This annual report from Kansai Institute for Photon Science (KPSI) provides highlights of the
scientific and technical research that was conducted over the FY2023. KPSI is one of the R&D bases
of the National Institutes for Quantum Science and Technology (QST) and has two sites, the Kizu
site in Keihanna science city in Kyoto prefecture and the Harima site in Harima Science Garden
City in Hyogo prefecture. At the Kizu site, we are conducting state-of-art research such as
developing new-type laser-driven radiation sources such as laser accelerated particle beams and
ultrashort X-rays based upon world-leading top-class high-intensity laser technology, ultrafast
measurement methodology using ultrashort pulse technology, and quantum life science which
helps us to understand radiation effects and to develop new medicines. At the Harima-site, using
two contract beamlines of SPring-8 and computer simulation, we are developing new technology
to utilize synchrotron radiation X-rays and carrying out state-of-art research in material science.

FY2023 is the first year of the second mid- to long-term plan for QST, and much progress has
been made in various research fields. In the field of quantum applied photonics, quantum
technology is being developed with ultrafast laser technology and others at the Kizu site. Here
several fruitful results have been presented such as the free impinging liquid-sheet jet technique
as a micro-mixer for investigating general chemical reactions driven by molecular collisions faster
than before, the exciton dynamics study for molecular design of quantum logic gates, the
theoretical and numerical analysis of the damage threshold of the laser excitation of silicon for
cutting edge laser processing, the sub-nanometer scale digging patterning of sapphire crystals
using an X-ray laser, and the calculation modelling of EUV emission from tin plasma for advanced
EUV lithography technology. In addition, for medical applications, advanced R&D is underway,
including the development of a new method of fast cleaning of target surface contamination by
induction heating for the laser-driven carbon-ion injector system of Quantum Scalpel, and the
development of composite optical fiberscopes for testing and treatment. In the field of quantum
life science, a new method to characterize DNA damage clusters by fluorescence anisotropy
measurements based on the homo-FRET method has been developed.

In the field of high-intensity lasers and their application at the Kizu site, an x-ray diagnostic
method for high-density plasmas for optimizing laser-driven heavy ion acceleration has been
developed, and laser ion acceleration with large-area suspended graphene (LSG) targets have been
investigated for the realization of over 200 MeV protons. In addition, a numerical study on the
three-dimensional electron density distribution of high-energy electrons from laser wakefield
electron acceleration has been studied. For the high-field effects in THz radiation, extraction of a
single pulse from an intense THz free-electron has been demonstrated. Furthermore, as a
contribution to basic science, the half-life of a long-lived radioisotope, 17°Lu, has been measured
accurately, contributing to the study of the formation and evolution of our solar system and so on.

At the Harima site, results have been obtained in the observation of buried magnetic domains
by the X-ray magnetic circularly polarized emission (XMCPE) technique and in clarifying the
physical properties of barium titanate single particles in ceramics using the Bragg-CDI method to
get to the essence of the size effect observed in dielectric materials. In addition, theoretical studies
have been conducted in the time-resolved magnetic excitation in a photoexcited Mott insulator and
in the analysis of proton disordering in the c1’ phase of H> hydrate using a first-principles
molecular dynamics method.

KPSI will play a role as a research base that contributes to the development of quantum
science and technology in Japan and the creation of innovation with the keyword "photon" and
will be a research institute open to the community and society. We appreciate your understanding
and cooperation.

Sincerely, 2024
TANAKA Atsushi
Director General of KPSI
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Quantum Applied Photonics Activities

KONDO Kiminori

Department of Quantum Applied Photonics

From the beginning of FY2023, a new medium to long-term
plan of QST has been initiated, wherein KPS| is required to study
optics research related to quantum technology. The Ministry of
Education, Culture, Sports, Science, and Technology has defined
quantum computing, information, and sensing technologies as
“quantum technology.” Although a laser is an optical maser,
which was invented by applying quantum mechanics in 1954, it
is not included under “quantum technology.” Moreover, KPSI is
required to research the high field of basic science along with
social contributions. Thus, the Department of Quantum Applied
Optics has been established for research focusing on social
contributions. While the science and technology related to
advanced lasers are the foundation for research conducted in our
department, high peak power, high repetition rate, high stability,
and ultrafast laser system are more important as we develop these
technologies in-house and apply them to various projects, as in
the past. The research and development activities of our
department have been shown in Fig. 1. Cutting-edge laser
technology and the world’s leading simulation code support the
department's activities.

In our department, groups have been replaced by a project
system from the beginning of FY2023, where a project leader
proposes a project and adopted projects proceed. Four projects
have been initiated for the fiscal year including the medical laser
application, ultrafast electronic dynamics, x-ray ultrafine
structure processing, and laser-driven ion accelerator projects led

by DrYamakawa, Dr. Itakura, Dr. Ishino, and I, respectively. A
project review was held at the end of last year. Further, various
activities of the department have been described.

The observable shortest pulse duration in the world is
realized with a soft X-ray pulse in the attosecond region.
Currently, KPSI focuses on attosecond science by adopting the
technology awarded the Nobel Prize in Physics last year.
Although no detection has been demonstrated at KPSI and related
articles have not been included in this annual report, the
development of a pump laser system for generating attosecond
soft X-rays, involving high-order harmonic generation (HHG)
from neutral atoms and/or molecules, is near completion. For
shorter wavelength HHG, a long wavelength pump laser is
required. Moreover, to recover the decrease in HHG yield with a
long wavelength pump laser, the order of high average power
pump source should be prepared. Currently, the QUADRA-T
laser system is under improvement based on a thin-disk Yb: YAG
power amplifier. Thus, an eventual and clear application of stable,
bright, usable attosecond HHG is expected shortly.

As a social contribution, the ultrafast switching technology
of spin-photonics is important for high-speed digital clock
technology. The project led by Dr. Itakura has initiated
collaboration with Dr. Sakai’s group at Takasaki Institute for
Advanced Quantum Science, QST, to study spin-photonics in
two-dimensional materials. The preparation for their

Research on laser applications for quantum technology,
healthcare, and safety/security technology

Creation of new quantum
functionalities through
optical technology

Photon-based medical
technology, non-destructive

inspection

Generation of novel Ultrafine
functional quantum processing Quantum Scalpel by
Future materials all laser technology
deployment Artificial Long distance LiDAR,
photosynthesis Space debris removal
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collaboration started from this fiscal year. Additionally, the
project led by Dr. Ishino is in collaboration with Takasaki
Institute to focus on spintronics and diamond nitrogen-vacancy
(NV) center generation with high-power laser. NV center
technology is a quantum sensing technology that can be used as
the qubit in quantum computing and information technology in
the future. Owing to its relation with quantum life science
technology, the project led by Dr. Itakura is in collaboration with
the Adachi team of the Institute for Quantum Life Science, QST,
to study giant molecule coherence. Ultrafast two-dimensional
electron spectroscopy has been used to detect ultrafast coherence
dynamics in proteins. The aforementioned collaborations have
been held for initiating quantum technology research at KPSI.

Dr. Endo from the ultrafast electronic dynamics project
reports rapid solution mixing in a micro-mixer with free
impinging jets, which is a new target technology that enables two
liquid materials to be mixed with a thin enough thickness for laser
interaction. Dr. Otobe from the ultrafast electronic dynamics
project reports theoretical and numerical analyses of the damage
threshold of silicon. Dr. Otobe is one of the key developers of the
SALMON code, which is the leader code that treats ultrafast
interaction between laser light and material. Furthermore, he
plays an important role in the Q-LEAP project to develop a cyber-
physical system for laser processing based on theory. Laser
processing is one of the most important applications of high-
power lasers, and its social contribution is expected to be large,
especially in semiconductor technology. Recently, cutting-edge
integration technology has emerged as the most important
semiconductor technology that includes laser processing. A fine
structure production with coherent X-ray is also important in laser
processing. As the leader of the X-ray ultrafine structure
processing project, Dr. Ishino reports sub-nanometer scale depth
patterning on sapphire crystal. The present semiconductor
integration technology is based on EUV lithography. Although
the technology is utilized in the real fabrication of advanced

semiconductors, improvements to efficiency can be implemented.

However, the estimation of efficient EUV generation by
theoretical analysis is important. Dr. Sasaki from the X-ray
ultrafine structure processing project reports the effect of
multiply excited states on EUV emission from yttrium-like tin.
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One of the most important high-field sciences continued at
the KPSI Kizu site is laser-plasma acceleration. To use the
featured physical phenomenon, a compact carbon ion injector for
Quantum Scalpel (a new-generation heavy-ion cancer therapy
machine) is being developed since the establishment of QST eight
years ago. Quantum Scalpel is one of the main projects of QST.
The JST-MIRAI research and development program (large-scale
type) started in November 2017, intending to demonstrate the
proof of concept (POC) for a laser-plasma accelerator. In addition
to an ion accelerator, a laser plasma electron accelerator is also
under development at KPSI, under the MIRAI program. The POC
of the laser-driven heavy-ion injector is expected to be
demonstrated by the end of FY2026. In FY2020, the first-stage
gate was successfully passed. In this fiscal year, a second-stage
gate exam was held for JST-MIRAI. We built and operated a
prototype machine of the carbon ion injector in collaboration with
the Hitachi Zosen and Sumitomo Heavy Industry. Dr. Kojima
from the laser-driven ion accelerator project reports the
development of important target technologies.

The most important application of high-power laser science
and technology involves industrialization. A non-destructive
tunnel-inspection technology is under development within the X-
ray ultrafine structure processing project during the second term
SIP program and in Sin Dohro Gijutsu Kaigi at MLIT. The
technology is being tested for applications to commercial
technology at the venture company Photon-Labo. Non-
destructive tunnel inspection is possible using laser-hammering
technology, which is expected to find applications involving the
inspection of tunnels and various concrete structures. From
FY2023, paid joint research between QST and Photon-Labe has
been established. Although no special article is included in this
annual report, the activity is one of the most important research
projects in this department.

Moreover, Dr. Yonetani reports an exciton dynamics study
for the molecular design of quantum logic gates, which is related
to quantum computation technology. Dr. Oka reports the medical
applications of composite optical fiber scope, which is important
for advanced medical technology.



Induction heating for the desorption of contamination
for laser-driven carbon-ion acceleration

KOJIMA Sadaoki

Laser Driven lon Accelerator Project, Department of Quantum Applied Photonics

The National Institutes for Quantum Science and Technology
(QST), Japan, has progressed toward developing a compact
accelerator called “Quantum Scalpel” for carbon-ion
radiotherapy to overcome existing issues.! The Quantum Scalpel
comprises a laser-driven injector (acceleration of 4 MeV/u),
superconducting synchrotron (diameter of 8 m), and
superconducting gantry. The required ion-beam parameters of the
laser-driven ion injector are set by referencing the current ion
injector of HIMAC using radiofrequency acceleration. The laser-
driven ion injector is required to inject >10° carbon ions (C*" or
C%") with quasi-monochromatic energy (10% bandwidth) of 4
MeV per nucleon within 2 s. To suppress beam divergence caused
by space-charge effects during acceleration in the synchrotron,
the maximum number of particles that can be injected in a single
acceleration phase is limited to =108 Therefore, 10® ions are
repeatedly injected at 10 Hz until the required number of particles
is injected into the synchrotron. Additionally, pre-accelerated
ions are injected into the synchrotron after compressing them to
1 % bandwidth using the phase rotation cavity. The synchrotron
accelerates the carbon ions to 430 MeV/u, which is sufficient for
heavy ion radiotherapy. The gantry enables the treatment of
tumors located deep inside the body from any direction.?

A laser-driven carbon-ion injector requires three systems
(laser, target supply, and surface contamination cleaner) that can
operate at repetition rates of over 10 Hz. With the recent advent
of diode-pumped solid-state lasers,® the irradiation of 10 J-class
laser pulses at several hertz is possible, while a high-repetition-
rate laser irradiation above 10 Hz can be achieved.

However, the performance of surface contaminant cleaners at
a high repetition rate is insufficient for the immediate cleaning of
target surface contamination supplies. In the target normal sheath
acceleration mechanism, protons are selectively accelerated over
other heavier ion species owing to their largest charge-to-mass
ratio. The origin of such protons is known to be water vapor and
hydrocarbons that adsorb into the target surface during target
manufacturing or after installation in the vacuum chamber. The
surface contamination layer is ~1 nm thick*? and comprises CHz
(60 %) and H2O (12 %). The contamination molecules are
chemisorbed on the surface and require ~100 kJ/mol of energy
for desorption. Desorption of such molecules by thermal motion
requires heating above 200 °C.6

In this paper, a new method for cleaning surface
contamination by induction heating is reported. The developed
induction heater heats a 5 pm thick nickel tape to over 400 °C in
100 ms and is expected to scale to carbon-ion acceleration at 10
Hz shortly. Three concentrically-turned coils (pancake shape) on
a copper pipe are designed. Cooling water flows inside the pipe,
while AC flows through the conductor portion. The coils are
placed 4 mm apart parallel to a tape target. The outer shape of the
coil is 25 mm, larger than the 20 mm width of the nickel tape,
such that both ends of the coil protrude from the tape.

Figure 1(a) shows the temperature distribution of the nickel
tape, experimentally observed by infrared thermography, when
heated at an AC power of 0.6 kW. The white dotted lines represent
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both ends of the 20-mm-wide tape, whereas the black dotted lines
indicate the simulated 350 °C isotherm. The temperature
distribution observed experimentally accurately reproduces the
distribution obtained from the simulation, including the
asymmetry of hot spots due to coil asymmetry. The red line in Fig.
1(b) depicts the time variation of temperature of the left hot spot
(a small white square region in Fig. 1(a)) during heating.

A partial volume of nickel tape (~5x5%5 pum) was heated to
400 °C in ~100 ms. Utilizing data on the specific heat of nickel
and the volume of the heating area, the heating areal power
density due to induction heating was estimated as ~2 W/cm?.
When the target was heated to ~400 °C, ~2 W/cm? of energy was
lost by radiation. However, radiation loss and heat generation
were balanced, causing the temperature rise to saturate. The target
temperature at laser irradiation varied with the time interval
between heating and laser irradiation. The blue line in Fig. 1(c)
depicts the time variation of hot spot temperature after leaving
the heating coil. When the vacuum pressure was 0.05 Pa, the
vacuum gap limited thermal conduction along the perpendicular
direction to the nickel surface. The nickel tape heated to ~400 °C
rapidly cooled to 180 °C within 1 s (radiation cooling); then, it
cooled down slowly to below 100 °C for ~12 s (thermal
conduction).

For this study, laser-driven ion acceleration was employed as
a time-resolved analytical technique for surface contamination,
and the temperature dependence of desorption and re-adsorption
of adsorbate molecules was evaluated. A linearly polarized (p-
polarized on target), 40 fs laser pulse (full-width half maximum,
FWHM) with a central wavelength of 795 nm was focused on a
5 um thick nickel foil at a 45° incidence angle using an F/2.7 off-
axis parabolic mirror. Then, 23 % of 389 mJ (total energy) was
focused into a focal spot of diameter 5 um (FWHM), and the
average laser intensity in the spot was measured as 6 £ 1x10!8
W/em?.

The top spool was pre-wound with nickel tape, and the motor-
driven rubber roller (comprising heat-resistant silicon that can be
used for 10,000 h or more at 200 °C) drew the tape target from
the top spool. The heating coil was placed 10 cm along the tape
passing above the laser irradiation point. A series of experiments
were performed under six conditions, as depicted in Fig. 2: one
case of no heating condition and five cases of heating conditions
with varying target temperatures of 50, 80, 110, 130, and 150 °C
at laser irradiation. The target temperature at the laser irradiation
point was varied with the time interval between heating and laser
irradiation. Accelerated ion species were analyzed using a
Thomson parabola ion spectrometer.” A phosphor screen assisted
in detecting 30 ions, the scintillation light was transported using
a lens, and a cooled charged-coupled device camera was used to
record.

Under the no heating condition, the strongest trace agrees
with that of the theoretical trace of proton (Z/A = 1.00), as shown
in Fig. 2(a). The charge-to-mass ratios, Z/A, of the weaker four
traces observed in Fig. 2(a) are estimated as ~0.083, 0.17, 0.25,
and 0.33. These ratios are consistent with the theoretical charge-



to-mass ratios of C*, C?*, C3*, and C*', respectively. Under the
five heating conditions of 50, 80, 110, 130, and 150 °C, ion
species with different trends are accelerated. When the target
temperature is cooled to 50 and 80 °C, the proton signal is
dominant, similar to that in the non-heated case, and the
maximum charge state of carbon ion is 4 (Fig. 2(b) and (c)). The
obtained results indicate that once desorbed by heating, hydrogen
is reabsorbed by the surface as it cools below 80 °C. In the case
of 110 and 130 °C (Fig. 2(d) and (e)), the proton signal is still
dominantly observed, but the maximum charge state of carbon
ions increases to 5, and the higher signal energy part of carbon
ions increases. Nickel ions originating from the target bulk are
also accelerated. When the laser is promptly irradiated and kept
at 150 °C (Fig. 2(f)), the proton signal reduces, and the C*" and
C>" ion signals are dominant.

An analysis code is used to precisely link the particle position
on the detector with its kinetic energy and convert the recorded
parabolic traces to ion spectra. On the ion spectra for no heating
conditions (Fig. 2(a)), the maximum observed energies of protons
and carbons are 1.0 MeV (H"), 0.9 MeV (C"), 1.3 MeV (C?"),
2.05 MeV (C3*%), and 2.5 MeV (C*).

On the ion spectra for heating conditions at 150 °C (Fig. 2(f)),
the maximum observed energies of protons and carbons are 1.0
MeV (HY), 3.25 MeV (C**), 5.2 MeV (C*), and 6.52 MeV (C*).
Regardless of the difference in conditions with no heating and
heating, the maximum proton energy remains constant at 1 MeV.
However, the number of protons in the low-energy region (< 0.5
MeV) decreases by two orders of magnitude. Moreover, in the
energy spectrum of carbon ions, the maximum charge state of the
accelerated carbon ions increases from 4 to 5, with the maximum
energy increasing to 6.5 MeV. The obtained results indicate that
heating causes the desorption of contamination hydrogens and
reduces contamination layer coverage such that the sheath field
for TNSA can efficiently accelerate the carbon ions.
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Exciton dynamics study for molecular design
of quantum logic gates

YONETANI Yoshiteru

X-ray Ultrafine Structure Processing Project, Department of Quantum Applied Photonics

Exciton transfer has been recognized as a significant process
in various molecular and quantum phenomena. Recent studies
have shown that exciton flow is well regulated in a photosynthetic
biological system, revealing the mechanism of efficient light-
energy harvesting. Such fundamental knowledge of exciton
transfer not only enhances understanding but also advances the
wide applicational range of molecular technologies including
fluorescence imaging, engineered photosynthesis, and solar-light
batteries.

An exciton-based molecular device that works as a logic gate
is one of the potential applications. Logic gate circuits with
precise control of exciton flow can enable molecular-scale
computation, particularly at a low energy cost. In principle, such
logic gate operation can be implemented even in a quantum
regime if the quantum coherent states can be maintained for a
long duration, promoting dramatic improvements in high-speed
computing technology. Nonetheless, the realization of exciton-
based molecular quantum computing is still unclear. Currently,
the development of quantum computing is majorly based on other
architectures including nuclear spin, superconductor, quantum
dot, trapped ion, and optics technology [1].

Recently, Castellanos et al. [2] theoretically investigated the
possibility of exciton-based molecular quantum computing. They
constructed model Hamiltonians for quantum logic gates (such as
NOT, Hadamard, n/8, and CNOT) and performed quantum
dynamics calculations for exciton flow. A pair of cyanine dyes
embedded into DNA was considered as a test case, where exciton
switching between the two cyanine dyes served as a logic gate
operation. The result showed that fidelity was not enough to
conduct correct logic gate operation, mainly due to noise from the
molecular environment. Thus, quantum computing with such a
molecular system is far from realization. Nonetheless, such a
theoretical investigation can serve as an important step for future
challenges in quantum computing.

In this study [3], quantum dynamic -calculations are
performed using logic gate Hamiltonians, NOT and Hadamard,
to gain a deeper understanding of the feasibility of exciton-based
molecular quantum computing. The semiclassical path integral
method originally proposed by Miller and coworkers [4] is
employed. According to the scheme, not only exciton dynamics
but environmental effects can be naturally incorporated into the
quantum regime; vibrational motions of surrounding molecules
including solvent or molecular scaffold are described as a set of
harmonic oscillators. In this case, an environmental feature is
mainly characterized by temperature (7) and reorganization
energy (). Thus, the calculations performed in this study provide
further information about the relationship between the exciton
logic-gate system and environmental effects. Quantum dynamic
calculations are performed over a wide range of parameters,
which reveal molecular and electronic conditions required for
realizing the exciton-based quantum logic gates. The results
suggest that fast exciton transfer and a large excitonic coupling
are required to avoid environmental noise during logic gate
operation.
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The methods adopted for calculations are shown below.
Operations of the quantum logic gates (NOT and Hadamard) are
given by unitary operators as

UNOT = [(1) é]

11 1
UHad - ﬁ [1 _1]
1
Assuming the input state as |1) =[1 0]°, the NOT gate
transforms the input state into |2) = [0  1]%. On the other hand,

Hadamard gate transforms the input state into \/%(|1) +12)) =

¢
[\% \/%] . The corresponding Hamiltonians can be derived from

& In U, such that

T

the relation H =

~ o mhr—q1 1
HNOT_Z[l _1]
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With the Hamiltonians, the logic gate transformation realizes at

time ¢ = 7, such that the state is postulated to be analyzed at ¢ = z.

According to Castellanos ef al. [2], the logic gate Hamiltonians

of this study are constructed using the framework of the Frenkel

exciton model; both NOT and Hadamard require Hamiltonian
with two excitation sites, site I and site 2, such that

A, = [,51 ]12]
21 &2

(3)
where & (i = 1 and 2) denotes the energy level of each site and Jj;
represents excitonic coupling between the two sites. With the
aforementioned framework, |1) =[1 0]° shows the state
where site I and site 2 are in the excited and ground states,
respectively. Whereas |2) =[0 1]° shows the opposite
situation. With the framework of H, the logic gate operations
expressed by Eq. (2) are implemented. To construct Hyor, the
conditions required include

& =&

and

Jiz2 = Jz

4)

Herein, the readout time 7 is given by wh/2J;,. Two
identical chromophores with the same energy level are
required for the construction of NOT gate, as expressed by
Eq. (4). Similarly, to construct the Hadamard gate Hiad,
the conditions required include

Jiz2=J21



and
&§—& =21
5)
Herein, 7 = wh/2V2J;, . Additionally, a bath part Hp is
introduced for examining the effect of environmental noise. Thus,
the total Hamiltonian is given by

H = ﬁ s + ﬁ B-

A ©)
where Hp represents the vibrational motions of surrounding
molecules described by a set of harmonic oscillators.

The results of the Hadamard gate with the excitonic coupling
J=1000 cm™! are shown in Fig. 1; where Figs. 1(a) and (b) show
the effect of T'and A, respectively. The Hadamard gate transforms
the starting state p11 = 1 and p2 =0 into p11 = p2=05atr=r.
The no-bath result shown in Fig. 1 completely reproduces the
behavior. Conversely, when the environmental bath is attached,
deviations from the no-bath case are observed. The deviations
become smaller with the reduction in 7 and A. Furthermore, the
other case of NOT gate shows a similar trend.

The resultant fidelity (F) as a function of excitonic coupling
(J) is shown in Fig. 2. The result shows that J =200 cm™! does not
provide good F scores. Conversely, J over 1000 cm™! provides a
good F score, even when the environmental condition is not
particularly special; for instance (7, 1) = (320 K, 320 cm™). Thus,
the possibility that a molecular system with such a large excitonic
coupling can work as a logic gate of computation is established.
Notably, the setting of J demands another condition of energy
level; the Hadamard case with J= 1000 cm™! demands | &1 - & | =
2000 cm™!, as expressed by Eq. (5).

This study shows that excitonic coupling J is highly dominant
and an extremely high value of ~1000 cm™ is required. Thus, the
possibility of realizing such a condition is discussed through a
comparison of existing molecular systems. Biological systems of
proteins FMO, PE545, PE645, LH-I, and LH-II serve for light
harvesting during photosynthesis. For FMO with seven or eight
chlorophylls, the J value is at most ~90 cm™'. As another light-
harvesting molecule, PE645 has a larger J of 319 cm™'. However,
the values are still small compared to the present requirement of
J>1000 cm’'.

For light-harvesting complexes LH-I and LH-II, reported
values vary among different studies. Some studies have
considered significantly large values, such as J= 1800 and 1600
cm’! for LH-I and J = 806 and 730 cm™! for LH-II. Although such
large couplings can provide a good fidelity score, most studies
have provided smaller values, 200-500 cm’', which are
considered most likely at present.

Castellanos et al. [2] embedded cyanine dyes into a DNA
scaffold as a test example of exciton quantum computing. Such
DNA-based dye systems are considered candidates for molecular
excitonic circuits, where the excitonic coupling is in the range of
360-530 cm™'. The range is larger than that of FMO and PE645
cases. However, the range is not yet sufficient for high-fidelity
computation.

Thus, extremely high excitonic coupling is required for
realizing quantum logic gate operations. The presented
evaluations based on fidelity show the requirement of a strong
excitonic coupling for over ~1000 ¢cm! to realize high-fidelity
computation of F' > 0.98. Currently, a satisfactory molecular
system is difficult to obtain. However, organic conjugate
molecules arranged suitably can offer good results, wherein
molecular arrangement with orientation tuned at a short distance
is required. A more detailed examination involving electronic
state calculations is required.
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Sub-nanometer scale depth patterning
on sapphire crystal

ISHINO Masahiko

X-ray Ultrafine Structure Processing Project, Department of Quantum Applied Photonics

Surface processing using pulse laser ablation is a widely
used. In laser surface processing, irradiation wavelength
shortening is essential to realize small and precise subject
formation. Recently, soft X-ray lasers including plasma-based
soft X-ray lasers and soft X-ray free electron lasers (SXFELs),
having emission photon energy (or oscillation wavelength) in the
soft X-ray region, are widely available. Applications relative to
surface processing using such soft X-ray laser sources are under
study. Dinh et al. [1] reported femtosecond soft X-ray laser
processing and revealed that a 120 eV (wavelength of 10.3 nm)
laser process was useful for fine processing, with no heat-
affected-zone (HAZ) on a Si surface. Mikami et al. [2] reported a
decrease in the damage threshold of SiO2 due to impurities by
performing a 92 eV (13.5 nm) SXFEL irradiation experiment.
The short penetration depth and large absorption of soft X-rays
into materials cause an efficient deposition of laser energy and
small damage thresholds. Si and SiO: are essential materials in
electronic devices, wherein small and precise surface machining
is key during semiconductor manufacturing.

Another essential substrate material includes sapphire
crystal, which has a high dielectric constant and thermal
conductivity [3]. The surface processing of sapphire crystals
requires investigations to analyze their contributions toward a
wide range of industrial applications. Additionally, focusing
devices that convert a soft X-ray laser beam to a sub-micrometer
order spot-size beam have been developed [4]. Therefore, the
feasibility of nanometer-scale surface processing by a soft X-ray
laser should also be discussed. In this study, the feasibility of
surface processing on a sapphire crystal is examined by using
femtosecond SXFEL pulses [5].

For this study, Al and sapphire crystal were used as target
samples because sapphire is an A1>Os crystal and Al is considered
as a reference. An optical grade sapphire crystal with a c-plane
orientation of 10x10 mm and thickness of 0.5 mm was prepared,
and the surface roughness was evaluated as ~0.15 nm (root-mean-
square value). The Al sample was prepared as a 500 nm thick film,
which was evaporated onto a sapphire substrate. A 500 nm thick
Al film could also be used as the bulk sample because the film
shows the same processing tendency [6].

The femtosecond SXFEL laser irradiation experiments were
performed using a soft X-ray beamline of BL1 at the SPring-8
Angstrom Compact Free Electron Laser (SACLA) facility [7].
The SXFEL pulse had a pulse duration of 28 + 5 fs [8], and the
emission photon energy was tuned to 120 eV (10.3 nm). The
SXFEL beam was focused onto the sample surface using a two-
staged focusing system, comprising the Kirkpatrick—-Baez (K-B)
mirror focusing system and an ellipsoidal mirror [4]. The focal
spot size was measured using the knife-edge scanning method,
the spot size defined by the full width at half maximum was
evaluated as 0.5-0.6 um (horizontal and vertical), and the focal
area was ~0.25 um?. To reduce and control irradiation fluences
onto the sample surfaces, Zr and Si thin films of various
thicknesses were adapted to attenuate the pulse energy.
Transmittance calibration of the thin films was performed in
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advance for the evaluation beamline of BL-11D at the High
Energy Accelerator Research Organization-Photon Factory
(KEK-PF). As each pulse energy was monitored by a gas intensity
monitor, every irradiation fluence was calculated from the
measured energy and focal area.

Figures 1(a) and 1(b) show irradiation fluence dependence
damage depths on (a) Al and (b) sapphire crystal, respectively.
All plots denoted by red rectangles show damage depths created
by a single-shot regime. The lines shown in the figures represent
fitting to effective ablation depth [9]. The damage thresholds
were defined as a fluence when the depth was zero, such as a cross
point between the horizontal axis and fitted line.
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Fig. 1. Irradiation fluence dependence on damage
depths of (a) Al and (b) sapphire crystal surfaces.

Herein, the tabulated penetration depths of Al and Al2Os are
31.7 and 30.2 nm [10], respectively. For Al, the effective
penetration depth and the damage threshold are estimated from
the fitting calculation as 42.9 nm and 58.5 mJ/cm?, respectively.
The obtained effective penetration depth of Al is comparable to
the referred value, and the estimated damage threshold of Al is
consistent with the theoretical value assuming 89 eV soft X-ray
laser irradiation [11]. For sapphire crystal, the slope of the
damage depth curve changes in the fluence region of 3000-
10,000 mJ/cm?. Two different fitting lines are adopted (dashed
and solid red lines), as shown in Fig. 1(b). The estimated effective
penetration depths are 11.4 and 30.2 nm for low and high fluence
regions, respectively. Furthermore, the estimated damage
thresholds for low and high fluence regions are 142 and 675
mJ/cm?, respectively. When the single-shot irradiation fluence is
higher, above 10,000 mJ/cm?, the effective penetration depth
agrees with the referred value. Conversely, when the single shot
fluence exists around the damage threshold, the effective
penetration depth is 1/3 times shorter than that of the referred
value. The damage depths formed by accumulations of 10 SXFEL
pulse shorts are shown in Fig. 1(b) as blue circles. The total
irradiation energy and measured damage depth are divided by the
shot number. All 10-shot damage depths (averaged value per
single shot) almost overlap with single-shot depths in the low
fluence region, and the fitted line (dashed blue line) is close to
that at the low fluence region. The estimated effective penetration
depth and damage threshold for the 10-shot regime are 9.8 nm



and 308 mJ/cm?, respectively. A femtosecond laser ablation study
generally observes and discusses the incubation effect involving
the reduction of damage threshold value by multiple laser pulse
irradiations [12]. In the sapphire crystal, a reduction in threshold
from 675 to 308 mJ/cm? is observed. Thus, the extremely short
effective penetration depth around the threshold implies the
potential for shallower surface processing than the referred values.
The surface morphologies of the irradiated area are observed
using an atomic force microscope (AFM). Similar observation
Figures are presented in an original article [5]. On the Al surface,
rims are observed on the periphery of the irradiated spot. When
the irradiation fluence decreases, the damage size grows small,
but rim and dome structures remain until the threshold. Thus, the
presence of HAZ on the Al surface is beyond control because the
first change in the Al surface structure is the melting of the
surface due to the splash of the molten layer [6]. On the sapphire
crystal surface, the damaged structure reflecting the morphology
of HAZ is small. Therefore, the experimental results imply a
potential for the realization of surface processing without HAZ.
To confirm the feasibility of HAZ-free shallow surface
processing as aforementioned, shallow patterns with a shorter
depth than the attenuation length was drawn on the sapphire
crystal. The experimental results are shown in Figs. 2(a) and 2(b).
Figure 2(a) shows the AFM image of four irradiation damages.
Each damage was obtained by the single-shot irradiation regime.
The sample surface was set to 20 um before the best focal position,
such that the sample was located close to the light source.
Owing to the aberration of focusing optics, the focal shape
of SXFEL pulses is not circular but has line-like profiles. Damage
line widths and lengths on the sapphire crystal are ~100-200 nm
and ~2 pum, which represent the focal sizes themselves. Damage
depths on the crystal are ~0.5 nm, as shown in Fig. 2(b).
Irradiation fluences for these patterns are estimated to be ~170
mJ/cm?, which nearly agrees with the damage threshold value. By
repeating SXFEL irradiation and sample movement, long lines
with micrometer lengths were drawn on the crystal, as shown in
Fig. 2(c). For long-line drawings, the sample stage was scanned
at 50 um/s. SXFEL pulses were irradiated at an interval of 0.83
um/pulse because the repetition rate of SXFEL was set to 60 Hz.

Postion (um

Fig. 2. (a) AFM image and (b) cross-sectional depth
profile of the laser patterning process on a sapphire
crystal by SXFEL pulse irradiations of ~170 mJ/cm?.
(c) AFM image of line pattern writing on a sapphire
crystal.
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The lattice constants of the sapphire crystal were a = 0.477
nm (4.77 A) and ¢ = 1.304 nm (13.04 A). The damage depths on
the crystal are equivalent to some thin atomic layer in a single
lattice along the c-axis. At the low fluence region, especially
around the ablation threshold, a spallation process is known as an
ablation regime [13]. The depth by spallation damage is
comparable with the penetration depth [14]. The damage
structure with an extremely shallow depth on the sapphire crystal
is completely different from the known spallation structures. To
our best knowledge, this is a novel damage phenomenon, which
is known as peeling. Additionally, the peeling process can have
the potential to be one of high-precision surface processing.

In this study, SXFEL irradiation damage phenomena are
characterized for metal Al and sapphire crystal. For Al, HAZ
involving rim structures at the edges is formed. For sapphire,
HAZ has little effect on the damaged structure, although the
damage threshold is 2.4 times higher than that of Al. Additionally,
the effective penetration depth is confirmed to be 1/3 times
shorter than that of the referred value around the damage
threshold. Further, the peeling process is demonstrated on a
sapphire surface, which represents the damaged structure with an
extremely shallow depth. The peeling process demonstrated in
this study can serve as a milestone in the pursuit of ablation
science and surface machining.
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Effect of multiply excited states on the EUV
emission from yttrium-like tin

SASAKI Akira

X-ray Ultrafine Structure Processing Project, Department of Quantum Applied Optics

Extreme ultraviolet (EUV) lithography has been realized
based on laser-pumped plasma (LPP) tin sources. More than 500
W of EUV power at a wavelength of 13.5 nm has been obtained
by irradiating tin droplets using a COz laser [1]. In laser-produced
plasmas with electron temperatures in the range of 20-50 eV, tin
ions are ionized to 8 to 13 times their ionized states for emitting
EUV radiation through 4d-4f and 4p-4d atomic transitions. In
contrast to the emission spectrum of lighter elements, the atomic
transition of tin ions consists of a larger number of fine structure
lines, which appear as a broad peak called an unresolved
transition array (UTA). Due to the effect of configuration
interaction (CI), the wavelengths of the 4d-4f and 4p-4d
transitions are constant over charge states, resulting in the
emission spectrum of tin plasma showing a single peak near 13.5
nm [2].

Improvements to the power and efficiency of EUV sources
are required to enhance the productivity of present scanners and
realize future scanners with a numerical aperture of NA > 0.5 for
exposure to finer images. Further improvements to conversion
efficiency (CE), which represents the ratio of the power of EUV
light at the intermediate focus to that of the pumping laser, are
being pursued [3] because even the current LPP EUV sources
produce EUV emissions with 5 % CE. The spectral width that is
useful as an EUV source for lithography is limited to 2 % by the
bandwidth of multilayer optics. Therefore, a plasma source
should produce EUV emission with a high spectral purity that
corresponds to the in-band emission to the total emission.

Figure 1 shows the energy level structure of yttrium-like tin
(Sn''™). A tin ion has the ground configuration of 4d* and a large
number of multiply excited states, which have an excitation
energy below the ionization limit for a large population and
contribute to the EUV emission through 4d-4f and 4p-4d UTA.
The emission from the multiply excited states appears at the
shorter and longer wavelength side of the main peak due to the
screening effect of holes in the 4d shell and additional electrons
in the outer orbits. Therefore, although the emission from
multiple excited states can contribute to EUV emission, the
emission can appear outside the required emission band, causing
the degradation of spectral purity. Furthermore, the emission may
not contribute to an increase in usable EUV power. The effect of
opacity can cause additional broadening of UTA. Therefore, a
better understanding of the spectral profile of UTA and analysis
of spectral purity are necessary for improvements to the power
and efficiency of EUV sources [4].

Although the atomic processes in tin plasma are complex, a
collisional radiative model of tin ions has been developed by
using computational atomic data that include atomic energy
levels and rates of collisional and radiative processes for the
analysis of EUV spectra [5].

The effect of emission from multiple excited states should
become significant when a solid-state laser is used as a pumping
source because the density of plasma depends on the wavelength
of the laser and should be higher to increase collisional excitation
to multiple excited states. The efficiency of solid-state lasers is
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higher than that of CO: lasers, but further optimization of
pumping conditions is necessary to increase the source power and
efficiency through the analysis of EUV emission spectra [6,7].

In previous studies, the resonance lines from each ion have
been investigated, which correspond to emission from one
electron excited state to the ground state. The results show that
the emission spectrum from CO2 LPP can be reproduced by
calculations. Furthermore, the calculations using radiation
hydrodynamics simulations predict CE > 5 %, thereby providing
a valuable guide for the realization of EUV lithography [8]. In
this study, a structural analysis of yttrium-like tin ion (Sn''*) is
performed by extending the model to consider the effect of
emission from multiple excited states on the EUV spectrum.

A model of the yttrium-like tin ion is developed based on a
configuration average (CA) model, including multiple excited
states. The atomic state is defined by a set of orbitals determined
by principal, orbital quantum number (n, /), and occupation
number for each orbit. Groups of levels consisting of a common
core and one excited electron are defined. Then, the model is
developed by including groups of atomic states and determining
the number of groups. The number of groups is increased, and the
size of the model is obtained by choosing the core state as an
ascending order of energy until the convergence of the population
and emission spectra.

The set of atomic states of each ion is determined from the
set of ion states, one charge higher than the target ion. For
instance, the set of states of yttrium-like ion (Sn'?*) is determined
by taking the direct product of strontium-like (Sn''*) core states
and one electron, as shown in Fig. 2. Then, the states with
unphysical configuration and duplicated states are removed. All
electron orbits up to nmax = 8 and Ima = 3 are considered.
Consequently, the energy level of yttrium-like ion is calculated
using the HULLAC code [9], and the set of core states that is used
to generate the atomic state of zirconium-like tin (Sn!®") is
selected. In the present method, the atomic model is determined
by repeating the generation of a set of atomic states and the
calculation of the energy level using the HULLAC code. Based
on the CA model, the present method is reproducible using a few
parameters such as the range of charge states, #max, Imax, and the
number of state groups with the same core and one excited
electron [10].

Figure 1 shows ~20 state groups of yttrium-like tin that have
low excitation energy. Large populations are produced from core
states of strontium-like tin. The first five cores include 4d?, 4d5s,
4p’4d3, 4d4f, and 4d5p, from which the ground state of 4d* and
excited states of 4d’n/, 4d5snl, 4p34d3ni, 4d4fnl, and 4d5pnl are
produced. The intensity of UTA is indicated by the thickness of
the line to show that the 4d-4f and 4p-4d UTA to the ground state
such as 4d3-4d%4f and 4d3-4p4d*, along with UTA from multiple
excited states such as 4p°4d-4p°4d34f, 4p°4d-4p*4d°, and
4p>4d341-4p>4d%4f? significantly contribute to emission.

Figure 3(a) shows the EUV spectrum from yttrium-like tin,
calculated based on the model presented in Fig. 1. The population
of the atomic state at an electron temperature of 35 eV is



calculated, assuming local thermodynamic equilibrium (LTE).
The condition chosen for the yttrium-like ion has a dominant
population in the laser-produced plasmas and a maximal

contribution of emission from multiple excited at the temperature.

The spectral emission rate is calculated considering the
detailed structure of UTA, which is calculated by the HULLAC,
taking the effect of CI into account. Each HULLAC run includes
the ground state of yttrium-like tin 4d3, and the lower and upper
states of 4d-4f and 4p-4d transitions, for which the potential is
optimized.

The structure of the spectrum at the longer and shorter side of
the main peak arises from 4d-4f and 4p-4d UTA from multiple
excited states. Conversely, the weak peak near 14.5 nm arises
from the 4d-5p transitions.
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FIG. 1. Energy level diagram of yttrium-like tin (Sn''™).
Twenty groups of atomic states of tin ions, each having the
same core configuration, are shown. The core configuration
is indicated above the corresponding group. The emission
rate of each transition is shown using the width and
thickness of lines.

The graphical results allow a comparative study of the
different sizes of the model considered. The intensity and width
are underestimated when only resonance lines and transition to
the ground state are considered. With five groups of states, 4d?nl,
4d5snl, 4p°4d3nl, 4d4fnl, and 4d5pnl, the calculation results are
similar to those from larger models. Thus, a model with
approximately 20 groups of states is sufficient to accurately
calculate the spectral structure at longer and shorter wavelength
sides of the main peak.
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FIG. 2. Set of atomic states of Sn''* is produced by taking
a direct product of the core states of Sn'?* and an additional
electron in any possible orbit.
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FIG. 3. (a) Emission rate per ion of yttrium-like tin (Sn''*),
calculated assuming the local thermal equilibrium state of
plasma at an electron temperature of 35 eV, using 1, 5, 20,
and 40 groups of excited levels. (b) Convergence of
emission rate relative to the number of groups of states in
the atomic model. Emission rates for 25, 30, 35, 40, and 45
eV electron temperatures are shown.

Figure 3(b) shows the convergence of emission rate in the 12—
14 nm band with more than 20 groups of states. The emission
increases significantly by including the 4p>4d3nl, 4p*4d*nl, and
4p>4d%4fnl states.

In summary, the method to develop a model for calculating
the EUV emission from tin plasma is presented. A model
including palladium-like to bromine-like tin (Sn*!5*) can be
developed based on the presented method to investigate the
emission spectrum of laser-produced tin plasmas, and to develop
opacity tables for radiation-hydrodynamics simulations.
Conversely, simultaneous measurements of the density and
temperature of plasmas and emission spectrum have been
conducted in recent studies [11]. The calculated spectrum can be
compared with the experimental data to validate the atomic model
and atomic data for future simulation to predict the EUV
spectrum with sufficient accuracy.
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Rapid solution mixing in a micro-mixer
with free-impinging jets

ENDO Tomoyuki
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Intermediates in chemical reactions driven by solution
mixing have been investigated to understand their reaction
mechanisms and driving forces. However, the identification of
intermediates with lifetimes of a few seconds or less is difficult
with a spectroscopic technique for steady states. Rapid solution
mixing techniques including continuous-flow [1] and stopped-
flow [2] methods are used to observe the intermediates. Typically,
mixing time by such methods is on a timescale of milliseconds.
To access short-lived chemical species on a timescale of
microseconds, a variety of micro-mixers with different inner
structures has been proposed [3-5], and the shortest mixing time
in nanoseconds has been reported [6]. Mixing time and mixing
efficiency can be controlled by changing the inner structure.
However, precise design and microfabrication are required to
achieve the desired mixing time.

Other simple approaches for rapid solution mixing involve
impinging two liquid jets in confined T-shaped and Y-shaped
reactors or in free space. With a free-impinging jet technique, a
thin liquid-sheet jet can be formed. A mixing time shorter than
the aggregation time of tens of milliseconds [7] can be achieved,
and the potential of rapid mixing in microseconds has been
discussed on the basis of the dissipation energy [8] in the liquid-
sheet jet. However, the mixing time in free-impinging jets has not
been directly measured yet, and the mixing mechanism is still
under discussion. In this study [9], we measured mixing time in
the liquid-sheet jets following a conventional technique using a
quenching reaction of N-acetyl-L-tryptophan amide (NATA) by
N-bromosuccinimide (NBS). Additionally, the theoretical mixing
time was calculated by two different models assuming laminar
and turbulent flows to clarify the mixing mechanism in the liquid-
sheet jets.

Details of the experimental setup for the formation and

characterization of the liquid-sheet jet are described elsewhere [9].

Briefly, two cylindrical jets of H2O were impinged to form the
liquid-sheet jet. The cylindrical jet diameter and colliding angle
were fixed at 50 um and 48 deg, respectively. In this study, we
obtained liquid-sheet jet ~4 mm long, ~1 mm wide, and a few
micrometer thick. A schematic of the experimental setup to
measure the mixing time is shown in Fig. 1. The output of a
Ti:Sapphire laser system (central wavelength of 800 nm) was
used to generate an ultraviolet (UV) pump pulse (266 nm) by
using a third-order harmonic generation technique. The obtained

UV pulse was separated from the residual second harmonic and
fundamental pulses by using dielectric mirrors. The liquid-sheet
jet was irradiated with the UV pulses to excite NATA. A bandpass
filter (357 nm) with a bandwidth of 44 nm was employed to
extract the emission from NATA. AUV CMOS camera witha UV
camera lens and an uncoated fused silica lens (f= 50 mm) was
used to detect the emission from NATA, which was oxidized by
NBS to form a bromohydrin compound. Since NBS and the
products are non-fluorescent species, the intensity at 357 nm is
proportional to the amount of NATA in the liquid-sheet jet.

Figure 2(a) shows an emission image from NATA (50 uM)
in the liquid-sheet jet formed with NATA solution and pure H20.
The liquid-sheet jet flowed from the top to the bottom. To
compensate for the non-uniformity due to the spatial distribution
of pump pulse intensity and fluorescence collection efficiency,
the emission image taken with NBS was normalized by the image
taken without NBS. A normalized image with an NBS
concentration of 32 mM is shown in Figure 2(b). The relative
intensity clearly decreased as z increased, reflecting the
quenching reaction of NATA by NBS. The relative intensities
along the z-axis are shown in Figure 2(c) at three different NBS
concentrations of 8, 16, and 32 mM. The curves were obtained by
averaging over 20 pixels (corresponding to ~53 pm) along the y-
axis, showing position and concentration dependencies.

Since the quenching reaction of NATA by NBS can be
regarded as a pseudo-first-order reaction in the presence of excess
NBS, the relative intensity shows an exponential decay. A least-
squares fit of a mono-exponential function was performed for the
relative intensities. The three fitting curves crossed at z = 0.20
mm, which was regarded as the effective initial position for
mixing. The mixing time was estimated from the distance
between the effective initial position and the position where the
absolute value of the residual between the experimental and
fitting results became smaller than 0.01 (z = 1.0 mm).
Furthermore, the maximum time range was determined from the
position where the absolute value of the residual between the
experimental and fitting results became larger than 0.01 (z = 2.5
mm). Since the flow speed of the liquid-sheet jet was measured
to be 22.3 m/s in the present experimental condition, the mixing
time and the maximum time range were estimated to be 36(3) us
and 103(3) ps, respectively. In addition, an obtained second-order
rate constant of the quenching reaction of NATA by NBS was k=

NBS NATA
L CL
800 nm 266 nm emission
> . | |
DM LSJ BF

B-BBO calcite DWP B-BBO

CMOS

Figure 1. Schematic of the experimental setup for mixing time measurement. BBO: barium borate crystal, DWP: dual-wavelength
waveplate, DM: dielectric mirror, LSJ: liquid-sheet jet, BF: band-pass filter, L: lens, CL: camera lens, CMOS: complementary metal-

oxide-semiconductor camera.
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Figure 2. (a) Emission image from NATA (50 uM) at 357 nm
without NBS. (b) Emission image taken with an NBS
concentration of 32 mM normalized by (a). Dotted line
denotes a rim of the liquid-sheet jet. (c) Relative intensity
along the z-axis at three different NBS concentration of 8, 16,
and 32 mM. Dotted lines are the fitting results of a mono-
exponential function.

3.5(3) x 10° M!s!, which was comparable to previous results of
between 4.1 and 7.9 x 103 M-!s"! with a confined micro-mixer [10,
11]. Thus, two solutions were mixed uniformly and efficiently in
the micro-mixer with free-impinging jets.

The details of simulation with a laminar flow model are
described elsewhere [9]. Briefly, the simulation for the laminar
flow was based on the Fick’s law of diffusion and the fact that the
quenching reaction of NATA by NBS was a second-order reaction.
Two-dimensional plots of the simulated NATA concentration
without and with NBS are shown in Figures 3(a) and (b),
respectively. For comparison with the experimental results, the
simulated NATA concentration was integrated along the x-axis.
To remove the effect of liquid-sheet jet thickness, the integrated
intensity with NBS was normalized by that obtained without NBS.
The relative intensity plotted in Fig. 3(c) exhibits a large
discrepancy from the experimental result, indicating that laminar
mixing is not a dominant mixing mechanism in the liquid-sheet
jet.

The mixing time in turbulent flow is calculated on the basis
of the energy dissipation rate (¢) in the impinging area [8]. The
supplied and removed kinetic energy fluxes to/from the
impinging area were evaluated from the measured pressure and
flow speed. In this study, ¢ attains 1.62 x 103 W/kg owing to a
tiny volume of 0.121 nL impinging zone. From the empirical
formula [12], the mixing time mix is given by

Tpnix = 0.157043,

The mixing time in the liquid-sheet jet of this study was
calculated to be 30.3 ps, which was in great agreement with the
experimental value of 36(3) ps. Thus, the mixing mechanism in
the liquid-sheet jet can be explained by turbulent mixing rather
than laminar mixing, and no clear interface between HxO
solutions was formed for the present experimental conditions.
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Figure 3. Simulated NATA concentration in the liquid-
sheet jet (a) without NBS (b) with NBS concentration of
32 mM. (c) Relative fluorescent intensity as a function of
the time. Black solid and red dotted lines correspond to the
experimental and simulated results, respectively.

In summary, the mixing time in the liquid-sheet jet was
measured, and the potential of the liquid-sheet jet as a micro-
mixer was demonstrated. The mixing time of 36 pus was achieved
for H20 solutions and the result was in great agreement with the
mixing time based on the dissipation energy in turbulent flow.
The free-impinging liquid-sheet jet technique provides an ultra-
thin liquid target even in a vacuum suitable for absorption
spectroscopy in a soft X-ray region, opening up a new way for
investigating ultrafast electron dynamics in mixing-driven
chemical reactions using ultrashort laser pulses such as high-
order harmonics with attosecond time resolution.
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Theoretical and numerical analysis
of the damage threshold of silicon

OTOBE Tomohito

Ultrafast Electronic Dynamics Project, Department of Quantum Applied Photonics

Laser processing studies of semiconductors including
silicon are crucial for practical applications in the field of
nanofabrication. The interaction of intense, femtosecond pulses
with a target provides a high-resolution energy transfer with
minimum damage to the surrounding area. Laser excitation of
semiconductors involves complex physics of photo-absorption,
impact ionization, recombination, and re-distribution of energy.
The excitation includes the dynamics of interactions that lead to
permanent structural changes through thermal and non-thermal
effects. Various processes causing damage in silicon film have
been explored by experimental studies [1-4]. Additionally, the
effect of laser parameters such as wavelength and pulse duration
can affect threshold fluence by causing damage to silicon [4,5].

Generally, theoretical modeling of laser excitation in silicon
involves the use of a two-temperature model (TTM) that is widely
implemented to study the evolution of electron and lattice
dynamics during laser excitation. In our previous work, we
developed a modified nTTM, treating the evolution of three
quasi-temperatures in the conduction band (CB), valence band
(VB), and lattice. We found that the three-temperature model
(3TM) shows reasonable agreement for various experimental
results [6,7].

The electron and hole densities (ng(y)) are calculated as
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where w, is the laser frequency and a is the single photon
absorption coefficient for a transition from VB to CB. f is the
two-photon absorption coefficient obtained from density
functional theory (DFT) calculations, when 2Aw, > Eg, where Eg
is the optical gap. The time-evolution of the temperatures is
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The third and fourth terms in Eq. (2) account for energy loss
due to electron-lattice interaction and energy current (Wep)). The
last two terms on the right-hand side include the carrier density
changes and band gap energy. Here, Hg () = F;(m)/Fe(m) and
Fg(n) is the Fermi integral. The heat capacities Ce) are
calculated from the carrier densities and temperatures. @y is the
absorption coefficient for one-photon absorption, including the
free carrier absorption, calculated using the Drude model. T is
calculated following an empirical model, where the term for
carrier temperature is replaced by terms for electron and hole
temperatures, as expressed in Eq. (2). Herein, k; is the thermal
conductivity. Further details on theory and definitions are
provided in previous studies [6,7]

The effect of target structure on dynamics during laser
processing can be significant, depending on the applications. In
the case of a silicon film of thickness less than the penetration
depth of the pulse, reflection from the rear surface of the film can
interfere with the field within the film, altering the effective pulse
intensity and thus, the dynamics. In the case of silicon films with
nano-scale thickness, a lower damage threshold can be observed
in the film and on the rear surface as compared to the front surface
of the film. In this study, the thickness dependence of the laser
damage threshold of silicon thin films is examined by employing
3TM with Maxwell's equations.

0.25 T

- Fru

2

Damage Threshold (J/cm®)

d (um)

Fig. 1: Calculated thresholds for electron emission (e-
emission) (Fer), partial thermal melting (Frn), and
complete thermal melting (Fru+2) for d varying from
0.01-10 pum. Reproduced with permission from Japan
Laser Processing Society [8].

In previous our studies, we found that the physical processes
for the damage threshold depend on the definition of the threshold.
In usual experiments, two definitions are used. One is the
threshold defined by the damage probability 0 %, while the
second is the threshold from the damage area. The first definition
corresponds to the definition of the damage threshold of optical



devices, while the second involves the estimation of 100 %
damage probability. The 0 % probability can be explained by the
thermal melting threshold (Frs) and electron emission (Fee).
Although the chemical bonds between Si atoms become weak at
the melting threshold, the crystal structure is maintained because
of its high symmetry. Sometimes, overheating can act as another
external force that enhances melting. Electron emission induces
the Coulomb force to distort the symmetry. Therefore, the
damage is onset when Fryand Fee are satisfied. Additionally, the
damage occurs in 100 % probability when the energy absorption
reaches the bond-breaking threshold (Fss). Thus, the chemical
reaction by the electron excitation to the anti-bonding state
induces the damage process.

Figure 1 shows the calculated threshold Fru, Frv+L, and Fee
values as a function of d at the front surface. Herein, Fray+z is the
threshold for thermal melting, including latent heat. Fre is
calculated as the incident fluence when the average kinetic energy
of the electron reaches the work function of silicon (4.65 eV). Fru
and Frm+ are calculated as the incident fluences when the
melting of the lattice starts and when total latent heat is
transferred to the lattice, respectively. According to our previous
study, Frv and Frum+o coincide with the damage thresholds
reported by Allenspacher et al. [4] below the pulse duration of 1
ps. The relation of each threshold is always Fru+L > Frm > FEg,
which is consistent with our previous results for bulk silicon with
a pulse duration of 70 fs.
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Fig. 2: Comparison of the calculated threshold with
varying film thickness on the front surface, inside the
film, and rear surface for (a) partial melting (F7v) and
(b) complete thermal melting (Frv+). Reproduced with
permission from Japan Laser Processing Society [8].
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All thresholds show oscillation with a period of ~100 nm,
which indicates that constructive and destructive interference at
the front surface affects the damage threshold significantly. The
oscillation of thresholds appears to be d = ~1.5 um, which is
much smaller than the penetration depth of 775 nm (~10 pm).
Since two-photon absorption is the dominant process, the
effective penetration depth is significantly reduced in the case of
the intense laser pulse. All thresholds are independent of d above
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1.5 pm, thus a silicon film thicker than 1.5 pm can be treated as
a bulk system.

The thresholds at the rear surface show oscillation in Fig. 2.
Since constructive interference is observed on the rear surface,
the results are controversial at first glance. The oscillation at the
rear surface can be a result of interference between three
components: transmitted field, field reflected from the rear
surface, and field reflected from the front of the film. Since the
reflected field from the front surface is small, the oscillation of
thresholds at the rear surface is weaker than that of the front.

In this study, the film thickness dependence of laser
excitation of silicon thin films was examined using 3TM. The
interference of the laser field inside the film is found to play an
important role at relatively lower fluence, which induces only
thermal processes. The constructive interference at the front- and
rear surfaces reduces the damage threshold. When the destructive
interference occurs at the front surface, thermal damage inside the
thin film with a thickness of 0.2-0.5 um is dominant. The damage
threshold with the photo-chemical process by bond-breaking at
the rear surface is lower than that for the front surface when the
thickness is smaller than 0.1 um. Thus, the damaged area can
change drastically due to interference of the laser field in the
material. The interference effect can be seen to be ~1.5 um, which
is much smaller than the penetration depth of silicon at 775 nm,
~10 um because of the two-photon absorption on the surface.
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Medical Applications of
Composite Optical Fiberscopes

OKA Kiyoshi

Medical Laser Applications Project, Department of Quantum Applied Photonics

National Institutes for Quantum Science and Technology
(QST) has developed a composite optical fiber that transmits
high-energy laser light and images of the irradiated target on the
same axis, allowing observation and welding in parallel to
research on the maintenance and preservation of nuclear power
and fusion reactors. Based on this technology, two types of the
composite optical fiberscopes (COF) have been developed in this
study, as shown in Fig.1, where a lens is attached to the tip of a
composite optical fiber. A large-diameter optical fiber for
transmitting high-energy lasers is at the center for heat treatment
of the affected area, while optical fibers for image transmission
are coaxially integrated around it for visual confirmation of the
laser irradiation target. A “coaxial type” is defined as a structure
in which the outer periphery of a transmission optical fiber is
surrounded by several optical fibers that transmit illumination
light. Conversely, a “two-axis type” is defined as one in which an
optical fiber for image transmission and an optical fiber for laser
transmission for irradiating a wide range of laser beams are
arranged in parallel.

Currently, a minimally invasive laser treatment device based
on this technology is under development, and plans are underway
to expand its applications into the medical field.

Real photo Optical fiber for
laser transmission
(~$0.2mm, lunit)
Optical fiber for
image transmission
ﬁlOpun%OOOOplxel)
| e e
[ W
Lens Lens
Longitudinal section Front view Front view Longitudinal section

Optical fiber for
illumination light

(a)Same axle type transmission (~¢30pm) (b)Parallel axle type

Fig.1. Structure of the composite optical fiberscope (two
types) capable of transmitting laser light and images in
parallel

The most active medical application currently under study
involves the construction of testing and treatment equipment for
peripheral lung cancer. The number of lung cancer patients
around the world is increasing each year, and the number of
patients in Japan including both men and women has exceeded
120,000 by 2021. The first choice of treatment for early-stage
lung cancer is surgical resection, but photodynamic therapy
(PDT), which is minimally invasive, safe, and highly effective,
has become one of the standard treatment options. Additionally,
PDT is an effective treatment for patients with decreased
cardiopulmonary function, various high-risk patients, and the
elderly. PDT is a treatment method that combines a tumor-loving
photosensitizer and low-power laser irradiation. The
intravenously administered photosensitizer accumulates in tumor
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tissue and is excited by irradiating the tumor tissue with laser light.
By utilizing the strong cell-destroying effect of singlet oxygen
generated at that time, selective treatment of diseased areas with
low-energy laser irradiation is possible without causing major
damage to normal tissue. Currently, PDT performed via trans-
bronchoscopy for early-stage central lung cancer is covered by
insurance, and further demand is expected in the future.
Conversely, PDT cannot be performed in the case of early-stage
peripheral lung cancer due to the lack of endoscopes that can be
inserted into the peripheral lung fields. Currently, no options for
lung function-preserving treatment are available.

Therefore, a small peripheral lung cancer PDT device has
been constructed by adopting a “two-axis type” design that
parallels optical fibers for image and laser transmissions (Fig. 2).
The device comprises an image observation device (camera), an
image processor for fiber image improvement, an LED
illumination light source, a semiconductor laser (wavelength: 664
+ 2 nm, maximum output: 500 mW, CW), and a composite optical
fiber scope (outer diameter: 1.02 mm, The number of pixels:
10,000, laser light guide diameter: 0.4 mm). Clinical research has
been conducted using the designed device to obtain regulatory
approval. The device has been applied to seven patients, and good
results have been obtained [1].

A B

A

c

Fig.2. A) Photodynamic therapy device, B) Chest computed
tomography (CT) image showing the cancer lesion in rt S2.
The tumor is visualized as a ground-glass opacity (GGO) with
a solid component and measured 20 mm in diameter. C)
Navigational bronchoscopy image using superDimension.
The green ball represents the right upper nodule at rt S2 in
the apical segment. The red arrow shows the alignment of the
guide sheath with the target at a 2.8 cm distance. D) R-EBUS
image of the tumor. The red arrow shows the tumor lesion. E)
Image of the peripheral-type lung cancer lesion as visualized
by the COF. The red arrow shows the tumor.
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During testing, when the fiberscope was inserted into the
peripheral lung, the fiberscope was somewhat stiff and had issues
with flexibility. Therefore, not all peripheral lung areas could be
accessed. Particularly, the access to Bl, B1+2 (pulmonary



branches), and B6 (upper and lower lobe branches) was difficult.
Thus, the establishment of a COF that is flexible and easy to insert
has become a new challenge.

Currently, the developed fiberscope uses quartz glass as the
main material, which has excellent transparency but poor
flexibility. Additionally, although the fiberscope coating can be
made thinner, it is hard and can buckle when bent. Therefore, by
reconsidering the material and structure of the fiberscope, a
fiberscope that is easy to insert is developed in this study.

Specifically, flexibility can be achieved by using multi-
component glass instead of quartz as the material for the optical
fiber, although the transparency is poor. Similarly, for the laser
transmission fiber, flexibility can be ensured and the laser
irradiation range can be expanded, although the transmission
efficiency gets reduced. Additionally, polyimide is commonly
used as a material of the outer tube for fiberscopes, but on using
Teflon, the durability reduces during long-term use; however, the
flexibility of fiberscopes is enabled. Existing issues have been
mitigated in this study by developing a new fiberscope.

Based on the aforementioned considerations, the newly
developed fiberscope is shown in Fig. 3. The fiberscope (Laser-
eYe ultra-thin fiberscope; LYU) has a total length of 1750 mm
and an insertion length of 1400 mm. The maximum outer
diameter of the insertable part is 0.97 mm. The LYU bundles
9,000 optical fibers for image transmission, one fiber of diameter
120 pm for laser transmission, and ~300 fibers of diameter 30 um
for illumination. The aperture of the laser transmission fiber and
illumination fiber is 120° (design value). Notably, the
transmission efficiency of the laser is ~83 %. The material of the
outer tube is an originally designed Teflon tube with a hydrophilic
coating. The material is expected to offer ease of force for escape
(slip) in the opposite direction when the tip of the fiberscope
comes into contact with the lung wall. In addition, the base (hand)
part of the covering is made harder to maintain flexibility and
improve operability. The closer the fiber is to the tip, the softer
the material. Thus, when the base portion of the fiberscope is
rotated, force is easily transmitted to the distal end portion, which
can be rotated in the same way as the base portion.

Fig.3. Newly developed composite optical fiberscope

Fig.4. Flexibility evaluation of existing fiberscope (left)
and newly developed LYU (right)
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Figure 4 shows an image of flexibility comparison between
the existing fiberscope and the newly developed LYU. The
minimum bending radius for the conventional fiberscope is ~50
mm, while that for the LYU is ~15 mm.

To evaluate the applicability of LYU to PDD and PDT,
fluorescence observation was performed using multi-functional
porphyrin-phospholipid  nanoparticles  (Porphysomes) as
photosensitizers that enabled fluorescence-induced photothermal
therapy. Additionally, preclinical studies were conducted using
rabbit and pig lungs. In a rabbit lung tumor model, fluorescence
was detected in the peripheral lung region by combining an ultra-
thin bronchoscope (BF type XP160F, Olympus Medical Systems)
with LYU (Fig. 5).

Fig.5. Normal light observation (left) and fluorescence
observation with porphysome (right) by using LYU

Additionally, by combining a conventional bronchoscope
(BF type MP160F, Olympus Medical Systems) with LYU and
inserting it into the pig lung, the lumen of the 8th and 9th
bronchus in the distal right lower lobe was accessed and observed,
which is normally difficult. (Fig. 6). LYU passed through the
working channels of both types of bronchoscopes without any
difficulties. Thus, the observation of peripheral lung fields using
normal light and fluorescence observation using laser light is
possible using LYU, suggesting its effectiveness [2].

Bronchoscope tip

;.

Fig.6. Access to the peripheral area of pig lung by
combining bronchoscope and LYU

Acknowledgments

Dr. T. Kinoshita and Dr. K. Yasufuku from UHN are thanked for
the animal tests. Ms. S. Minakawa from OK Fiber Technology
Co., Ltd. is thanked for manufacturing of experimental
equipment.

References

1.J. Usuda, T. Inoue, T. Tsuchida, K. Ohtani, S. Maehara, N.
Ikeda, Y. Ohsaki, T. Sasaki, K. Oka, Photodiagnosis and
Photodynamic Therapy, 30 (2020) 101698.

2.T. Kinoshita, A. Effat, A. Gregor, T. Inage, T. Ishiwata, Y.
Motooka, H. Ujiie, B. C. Wilson, G. Zheng, R. Weersink, H.
Asamura, K. Yasufuku, Chest, 156 (2019), 571-578



Advanced Photon Research Activities

HAJIMA Ryoichi

Department of Advanced Photon Research

The Department of Advanced Photon Research promotes the
development of laser-driven quantum beam sources using high-
intensity lasers and their applicational research to diverse fields.
The organization of the department is shown in Fig. 1.

Laser Facility Operation Office provides operation and
technical support for large laser equipment: a vehicle-mounted
mobile laser system for non-destructive tunnel inspection, the 10-
TW-class JLITE-X laser, and the petawatt-class J-KAREN-P
laser.

The J-KAREN-P laser has world-class performance in terms
of temporal (contrast performance) and spatial (focusing
performance) qualities, which are important properties for user
experiments. In the Advanced Laser Science Group, further
improvements to the performance of the J-KAREN-P laser are
under development. Focusing an ultra-intense laser can create
high-density, high-temperature conditions and extremely high
electromagnetic fields that cannot be achieved by other methods.
Thus, the J-KAREN-P laser is being applied to extreme field
science such as laser ion acceleration.

The High-field Science Research Group focuses on
conducting research aimed at the cutting edge of high-intensity
physics, including studies on laser wake-field acceleration for a
compact free-electron laser, a plasma-based X-ray source to
generate attosecond coherent X-ray pulses. The high-intensity
field created by an ultra-intense laser is expected to destroy the
vacuum. Through such phenomena, the mysteries of the universe
are aimed for exploration.

In the LCS Gamma-ray Group, generation and applications
of laser Compton scattered (LCS) gamma-ray beams are studied,
which have unique properties of energy-tunable quasi-
monoenergetic arbitrary polarization. The applications include
studies of nuclear structure and non-destructive measurement of
nuclides. The interaction of gamma rays with a nucleus in the
universe to reveal the origin of elements in the solar system is
another subject researched by the group. Additionally, advanced
photon sources such as an attosecond X-ray source are being
developed based on an infrared free-clectron laser (FEL)
oscillator.

Department of Advanced Photon Research

Laser Facility Operation Office

Advanced Laser Science Group

High Field Science Research Group

LCS Gamma-ray Group

Figure 1: Organization of the Department of Advanced
Photon Research.
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Research highlights for FY2023 are presented independently
in this annual report. This section briefly describes results that are
not included in the highlights.

Upgrade works continue on the J-KAREN-P petawatt laser
facility to improve output performance and temporal quality.
After wavefront correction using a deformable mirror, focusing
with an f/1.3 off-axis parabolic mirror has delivered a peak
intensity of 1022 W/cm? at 0.3 PW power levels. For better
temporal contrast, the origins of pre-pulses generated by post-
pulses have been identified, and wedged optics have been applied
to remove the post-pulses. For the complete elimination of the
remaining pre-pulses, a cascaded femtosecond optical parametric
amplifier based on the utilization of an idler pulse in place of a
signal pulse has been developed. The order of magnitude
enhancement of the pedestal before the main pulse has been
obtained by using a higher surface quality convex mirror in the
Offner stretcher. With the help of a single plasma mirror, the
contrast can be as high as ~10'3 up to 40 ps before the main pulse
[1].

The digital transformation (DX) for remote and automated
operation of the J-KAREN-P laser facility is under development.
In the laser room, a remote control and visualization system is
being developed for the measurement of laser parameters such as
laser profile images, the automatic start-up of the pump laser, and
the automatic adjustment of the optical path of the main laser. In
the target chamber room, a remote-control system is under
development for the measurement of laser energy and laser
spectrum delivered to the target chamber. The system supports an
automated construction of a database comprising data for
experimental users. Automatic inspection of large mirror damage
and integrated monitoring of laser parameters by artificial
intelligence (AI) image analysis is another important function
implemented in the system. At the end of FY2023, a remote-
control system to automatically start up the pumping lasers used
in the J-KAREN-P has been fully developed. The system can
automatically start all pumping lasers at specified daily schedules,
increasing the J-KAREN-P laser supply time by 60 min/day. Thus,
an increase of 36,000 shots at 10 Hz and 360 shots at 0.1 Hz has
been recorded.

The interaction of high-intensity, ultrashort PW-class laser
pulses with dense matter produces non-equilibrium plasma,
where highly charged ions are generated via both collisional and
tunnel ionization processes when the laser intensity exceeds 102
W/cm?. A clear distinction between the two ionization processes
for the evolution of the charge state of the non-equilibrium
plasma poses a challenge. The ionization processes can be
distinguished in some cases by observing the X-ray spectral lines
caused by the transition of an electron into the K-shell of highly
charged ions. The time-dependent calculations of plasma kinetics
have confirmed the possibility; for example, when sufficiently
small cluster targets with low-density background gas are
irradiated. The calculation results for Ar ions have been compared
with those from the experiment at the J-KAREN-P laser facility
[2].

The complex non-linear nature of the process of interaction
between the laser and induced plasma remains an obstacle to the



widespread laser wakefield acceleration (LWFA) use as a stable
and reliable particle sources. Generally, the best wavefront is a
perfect Gaussian distribution. However, the consideration is not
true experimentally, and more complicated distributions can
potentially provide better results. An experimental study on the
effects of tuning the laser wavefront via the controlled
introduction of aberrations using the shock injection
configuration has been conducted. The experiments by our
department suggested a clear unique correlation between the
generated beam transverse characteristics and the different input
wavefronts. The electron beam stability during acceleration and
injection is observed to be significantly different. In our case, the
best beams were generated with a specific complex wavefront. A
greater understanding of electron generation as a function of the
laser input was achieved due to the aforementioned method and
a higher level of control on electron beams by LWFA is foreseen
[3].

Supersonic gas jets generated via a conical nozzle are widely
applied in the laser wakefield acceleration of electrons. The
stability of the gas jet is critical to the electron injection and the
reproducibility of the wakefield acceleration. We investigated the
role of the stilling chamber in a modified converging—diverging
nozzle to dissipate the turbulence and stabilize the gas jets. By
fluid dynamics simulations and the Mach—Zehnder
interferometer measurements, the instability originating from the
non-linear turbulence was studied, and the mechanism to
suppress instability was proposed. Both the numerical and
experimental results proved that the carefully designed nozzle
with a stilling chamber can reduce the perturbation by more than
10 % compared with a simple-conical nozzle [4].

Special relativity can predict the frequency upshift of an
electromagnetic wave reflected by a mirror approaching at a
relativistic speed. We analyzed the reflection of an electro-
magnetic wave by a luminal mirror, “luminal plasma-vacuum
interface or plasma slab” produced by an intense laser. When the
mirror velocity gets closer to the speed of light in vacuum, the
reflected wave frequency tends to infinity, and the mirror
reflectivity vanishes, because in its proper reference frame, the
incident electromagnetic wave frequency also tends to infinity,
rendering any matter transparent. Conversely, the refractive index
modulation in the mirror’s bulk can be independent of the mirror-
vacuum interface position, at least during some time interval. Our
analysis revealed that when a refractive index modulation of
dispersive medium moves at the speed of light in vacuum, an
incident electromagnetic wave, depending on its frequency, is
either transmitted totally with a modified phase, forms a standing
wave, or is reflected totally with an upshifted frequency. The
luminal mirror converts a short incident pulse into a wave packet
with an infinitely growing in-time local frequency near the
interface and with an energy spectral density that asymptotically
is the inverse square of the frequency. If the modulation
disappears, the high-frequency radiation is released [5].

The study of nuclear structure utilizing nuclear resonance
fluorescence (NRF) is one of the applications of laser Compton
scattering, which enables the production of energy-tunable quasi-
monoenergetic linearly-polarized gamma-ray beams at MeV
energy regions. We conducted an NRF measurement to reveal the
structure of low-lying dipole states in the singly closed-shell
nucleus ¥Ni. The experiment was conducted at the
NewSUBARU synchrotron radiation facility at the University of
Hyogo. The parity quantum numbers of the dipole states were
determined by the intensity asymmetry of resonantly scattered
gamma rays relative to the polarization plane of the incident
photon beam. The electric and magnetic dipole (E! and M1)
strengths at excitation energies between 5.9 and 9.8 MeV were
obtained based on dipole strengths taken from the literature. The
E1 and M1 strength distributions were compared with large-scale
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shell-model predictions [6].

The generation of optical vortices is an interesting research
subject not only in the field of lasers but also in the universe. We
formulated a theoretical approach to describe photon vortex
production in synchrotron/cyclotron radiation from a helical
moving electron under a uniform magnetic field in the relativistic
quantum framework. The wave function of photons generated
from synchrotron radiation was found to be the eigenstate of the
z component of the total angular momentum (zZTAM) when the
magnetic field was parallel to the z-axis. The approximation is
applicable for photon vortex production of several tens # of
zZTAM. Furthermore, we numerically calculated the energy
spectra and spatial distribution of photon vortices in magnetic
field strengths of 10 and 20 T using electrons with energies of 150
MeV and 8 GeV and Larmor radii of 10 and 100 um for the
helical motion. The results indicate the production possibility of
predominant photon vortices with a fixed ZTAM when the energy
and entrance trajectory of electrons and the structure of a
magnetic field are controlled [7].

Notably, a free-electron laser (FEL) can be operated in the
superradiant regime, where the radiation power is proportional to
the square of the number of electrons, and the pulse width is
inversely proportional to the number of electrons. In our study,
the detailed structure of superradiant pulses generated from an
FEL oscillator is experimentally revealed for the first time. The
temporal waveform of an FEL pulse including its phase variation
is reconstructed with a combination of linear and non-linear
autocorrelation measurements. The waveform exhibits the
features of a superradiant pulse, the main pulse is followed by a
train of sub-pulses with n-phase jumps, reflecting the physics of
light-matter resonant interaction. From numerical simulations,
the train of sub-pulses is found to originate from repeated
formation and deformation of electron micro-bunches
accompanied by a temporal slippage of the electrons and light
field, a process quite different from coherent many-body Rabi
oscillations observed in superradiance from atomic systems. The
revealed feature of the superradiant pulse generation in FEL
oscillators provides useful information for the development of
attosecond X-ray sources based on infrared FEL oscillators [8].
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Development of an X-ray Diagnostic Method “

for High-Density Plasmas for Optimizing
Laser-Driven Heavy lon Acceleration
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Laser-driven heavy ion acceleration has emerged as a
rapidly advancing field with the potential to revolutionize cancer
treatment applications including nuclear physics and particle
physics [1-5]. The scheme can provide an extraordinarily high
acceleration field gradient [6]. Due to its unique characteristics,
the laser-driven acceleration field can generate highly charged
ions, even for high-Z elements, which is generally challenging for
ion sources in conventional accelerators. The laser-driven ion
acceleration scheme in principle can achieve higher energy and
charge states within a very compact space than traditional
accelerators, provided it is optimized and matured.

Using short-pulse high-contrast laser pulses interacting
with solid-density heavy ion targets is a promising method to
achieve high charge states and high energy heavy ions. The target
material can be heated to a high temperature while maintaining a
high density. To efficiently deposit the laser energy into the
plasma, heating needs to be faster than radiative cooling; thus,
short-pulse high-contrast lasers are required. Collisional
ionization in target bulk contributes to the generation of highly
charged heavy ions through return currents, and simultaneously,
the produced highly charged heavy ions can be accelerated to
high energies by the strong sheath field produced at the back side
of the target. In our previous experiment, highly charged (up to Z
= 45) high energy (>20 MeV/u) silver ions with atomic number
47 have been generated [7], indicating the existence of ~10 keV
temperature plasma. However, the temperature cannot be directly
measured experimentally, and direct measurement can help
improve our understanding and future optimization of the plasma
and generated beams.

To diagnose gold plasma in laser-ion acceleration
experiments, we focus on the gold M-shell spectral range (2500-
3000 eV), to enable the diagnosis of plasma properties based on
the characteristic lines. The X-ray spectrometer is designed with
an elliptical configuration. A germanium (Ge, 2d = 0.653 nm,
where d is the interplanar distance) reflective-type crystal
produced by Saint-Gobain, having high X-ray reflectivity (I" =
95 %, measured in 2000-4000 eV), with a central Bragg angle
(0) of 45° is selected. The germanium crystal is an arc segment of
~130 mm in length along the ellipse, allowing observation of light
within the Bragg angles of 30-60°. The ellipse has an eccentricity
of e = 0.96, with major and minor axes of a = 832 mm and b =
237 mm, respectively. The target is positioned at one of the foci
of the ellipse, with a distance p = 1680(+20) mm away from the
crystal. The other focus is ¢ = 120(£2) mm away from the crystal
and r = 80(+2) mm away from the CCD surface (Fig.1(a)).
Combined with an Andor DX440 CCD (512x2048 pixels, pixel
size = 13.5 um), the actual observable range is ~2500-3000 eV.

A calibration experiment was performed using the J-
KAREN-P laser with a =10 J, =45 femtosecond (fs) full width at
half maximum (FWHM), and a central wavelength of 800 nm.
The laser pulses were focused using an f/1.4 off-axis parabola
(OAP) to a spot size of =1.5 pm diameter (FWHM), resulting in
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Figure 1: Schematic of the elliptical X-ray crystal
spectrometer.

a maximum peak intensity of ~10>' W/cm?. The spectrometer
setup is shown in Fig.1(b).

A polyvinylidene chloride (PVDC, (C2H2Cl2)n) target
(Saran manufactured by Mitsubishi Plastics) of thickness ~10 um
was used. All observable lines in the spectrometer observation
window are shown in Fig. 2 [8], wherein the typical data obtained
with the PVDC targets, including the raw CCD image (Fig.2(a))
and the lineout of the whole region after background subtraction
(Fig2(b)) are shown. The background is taken from a blank shot.
The horizontal axis represents the pixel (px) number, while the
vertical axis represents the raw CCD counts [cnt] before
deconvolution. The characteristic lines of chlorine of Ko (2622
eV) and KB (2812 eV) were selected for the energy-to-pixel
calibration of the spectrometer owing to its definite wavelength
and relatively high intensity [9,10]. Each line was fitted with a
Gaussian model for the determination of center pixel position
(peak) and width (FWHM), as shown in the table of Fig.2, where
the error corresponded to the 1-c fitting error.

When X-rays are reflected by an elliptical diffraction
crystal, they follow Bragg's law of diffraction [11] nd = 2dsin#,
where n represents the diffraction order and A is the wavelength
of the incident beam (where the relation between the spectral
energy (E); A can be connected with E[eV] ~ 1240/A[nm])
[12]. According to the geometrical relationship, the detecting
angle fis introduced as shown in Fig. 1(a), such that § = 6 +
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Figure 2: Raw X-ray data and profile line out for the
PVDC target.
cos6 . .
arccos (T) For first-order diffraction, we have A/2d =

(1 —ecosB)//1— 2ecosB + e%. As shown in Fig. 1(a), the
central null point on the CCD plane is defined as the point where
a photon reflected at the geometrical center of the crystal reaches
Ax [px], which is the distance from the null point in a horizontal
plane. Due to the error caused by the relative position of the
crystal and CCD, the null point has a slight offset As [px]. The
value of As is determined by the least square fit with the peak
value given in the table of Fig. 2.

Ax / \/ Ax
— )/ 1-2e—————+e¢
J1?2 4+ (Ax + As)? J1r2 4+ (Ax + 4s)?
The value of As is obtained as As = —347 + 2 [px].

The resolution power of the spectrometer is defined as [10]
R = A/A1 (Eq.6), where AL represents the spectral line width.
In principle, the line width can be expressed as [13-15] Adl =
wq/rD (Eq.7), where wy represents the finite resolution
caused by the system, including imperfection of the crystal, finite
size of the CCD pixels, and geometric errors. D represents the
angular dispersion of df/dA. For the elliptical geometry, D is
defined as [14]

D = (1— 2ecosp + e?)3/2/2de?(e — cosB)sing
To calculate the resolution power of the detector at any given
wavelength, Egs. (6-8) are combined and a least-squares fitting is
performed. During the fitting, w, is set as a free parameter and
the FWHM values of the Ko and Kf3 lines are utilized as A4, as
shown in Fig. 2 table, giving a best-fit value of wy; = 0.29 +
0.01 [nm]. The best fit curve for the resolution power R of the
spectrometer is obtained as R = 275.96(+7)AD. The resolution
powers of Ko and Kf are 52449 and 562126, respectively.
Considering the CCD parameters, the true spectral line intensities
1 [photons/px/s] are deconvoluted as [17]:
I = CK/ntTQ, I

where C is the CCD counts, K is the gain constant (0.7 [e”/cnts]),

A=2d(1—e 2
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n is quantum yield (E[eV]/3.66[eV])[17], T is the exposure
time (0.1 seconds), T, is the Al filter transmission, Q; is the
CCD quantum efficiency (QE), and I' is the crystal reflectivity.

In summary, we successfully developed and calibrated a
high-resolution elliptical-geometry reflective crystal X-ray
spectrometer. In our spectral observation range of 2500-3000 eV,
the resolution power of the spectrometer lies between 500 and
600, corresponding to a spectral line width of ~5 eV in photon
energy. The range mainly covers the 3p-4d and 3d-4f transitions
of cobalt, nickel, copper, and zinc-like Au ions [18].
Consequently, the spectrometer has the capability of measuring
and resolving the Au Ni-like 3d-4f, and Co-like 3p-4d spectral
lines at 2515-2877 eV [19-23]. Therefore, the spectrometer is
highly suitable for diagnosing high-temperature high-density
heavy ion plasmas in conditions amenable to the generation of
highly charged high-energy heavy ions. Combining these
measurements  with  comprehensive  X-ray  multi-band
observations can enhance the reliability of measured plasma
parameters in the future.
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Energetic ion acceleration by irradiating large-area
suspended graphene with J-KAREN-P laser
for the realization of over 200 MeV protons

MINAMI Takumi

Advanced Laser Science Group, Department of Advanced Photon Research

Irradiating an intense laser on a matter can excite a
quasistatic electric field to accelerate energetic ions. The strength
of the acceleration field reaches 10'> Vm'!, which is several
orders of magnitude larger than that in conventional accelerators
[1]. Therefore, laser ion acceleration is expected to act as a
compact ion source suitable for several applications including
cancer therapy, nuclear physics, and laboratory astrophysics.
Generating over 200 MeV protons is pivotal to such applications;
however, no experimental result has demonstrated such high
energies [2]. In experiments, thin foils are often used as a target
because it is easy to control thickness, materials, and surface
structures. Target normal sheath acceleration (TNSA) is one of
the well-investigated acceleration mechanisms, where
acceleration occurs at a sheath field excited between the laser-

accelerated electrons and the rear surface of the charged-up target.

In another mechanism, radiation pressure acceleration (RPA), ion
acceleration occurs at the front of the propagating laser pulse
inside and behind the target, resulting in higher acceleration
efficiency than TNSA [3]. However, RPA requires nanometer-
scale thin targets. Such targets are easily broken or perturbed by
the heating of laser pre-pulses, which disturb the efficient energy
transfer to ions. A plasma mirror (PM) is a method to decrease the
fluence of the pre-pulses. However, the installation of PM
requires a large change in experimental setups and is preferably
avoided, especially in small facilities with no spaces for
installation.

Graphene is an extremely strong material, although its
thickness is as thin as an atom [4]. Additionally, it is transparent
and has high electrical and thermal conductivities [5]. In this
study, a technique to suspend single to multi-layer graphene on a
large hole is developed to irradiate free-standing graphene
surface with intense lasers, as shown in Fig. 1 (a). The graphene
is named large-area suspended graphene (LSG) [6]. Figure 1 (b)
shows the thickness measurement result of single-layer LSG
obtained using atomic force microscopy (AFM). As single-layer
LSG has a thickness of 1 nm, the target thickness can be
controlled at the order of 1 nm.
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Figure 1. (a) Microscopic image of single-layer large-area
suspended graphene (LSG) on a 500 um diameter hole. (b)
Thickness measurement of single-layer LSG using an atomic-
force microscopy, resulting in 1 nm thickness per layer [6].
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Figure 2 (a) shows the estimation of the optimum number of
LSG layers to the laser intensity. The estimation is based on the
condition for RPA to dominate the acceleration over TNSA [7].
The lower limit of the number of layers (blue line) is derived from
the pressure balance between the plasma space charge and the
laser to satisfy the requirement for avoiding completely blowing
out electrons. Above the upper limit (orange line), the expected
energy of ions from the TNSA model is larger than the one from
the RPA. For a laser intensity of 5x102' Wem2, the optimum
thickness is estimated from 40 to 150 layers.
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Figure 2. (a) Relation of the number of LSG layers and laser
intensity for RPA to dominate the acceleration [S]. (b)
Maximum proton energy dependences on the number of
LSG layers in the PIC with expanded targets and the laser
intensity of 5x10*' Wem? (blue), PIC with 5x10%' Wem?
(orange), PIC with 1.5x10> Wcm™? (green), and the
experiment shown in Fig.3 (red-dashed) [9, 10]. The shaded
region indicates the optimum thickness for 5x10*! Wem.

Based on the estimation, simulations are performed with a
two-dimensional particle-in-cell (PIC) code, EPOCH-2D. Figure
2 (b) shows the maximum proton energies in terms of the number
of layers of LSG. The laser parameters are set to be the same as
the main pulse of the J-KAREN-P laser [8], namely the
wavelength of 0.81 um, the pulse duration of 40 fs, the spot
diameter of 2 um, and the peak intensity of 5x10>' Wem™2. In the
simulations, an ionized plasma with the same composition ratio



of proton and full-stripped carbon ions as that in a previous study
[9] is set initially; therefore, no graphene structures are
considered. To simulate the few-nm thick LSG targets, the nm-
scale structures are divided into grids, whereas several tens of pm
regions are required to calculate the ion acceleration. Such a
consideration is impractical; therefore, ten times thicker targets
with ten times lower densities are set, corresponding to the
assumed pre-expansion of the targets because of heating by laser
pre-pulse for the extremely thin target regime, represented by the
blue line. For the moderately thin LSG regime, the LSG targets
are simulated without assuming the pre-expansion, represented
by the orange line. No discrepancies between the blue and orange
lines are observed; therefore, the pre-expansion is confirmed to
not affect the maximum proton energies. The proton energies
show a peak energy of 206 MeV at the 120-layer, consistent with
the prediction in Fig.2 (a). Furthermore, cases with a higher
intensity laser of 1.5%10%?> Wem™ are simulated by assuming the
upgrade of the J-KAREN-P laser, represented by the green line.
As expected from Fig.2 (a), a higher energy of protons is expected
with higher intensity. In this condition, the PIC simulations
predict the maximum proton energy of ~400 MeV with 240-layer
LSG [10].

As aforementioned, thinner targets are easily broken by the
laser pre-pulses, and no experimental report shows energetic ion
accelerations without a PM in the extremely thin target regime.
To demonstrate the durability of graphene, a series of
experiments is conducted by irradiating the thinnest targets with
the J-KAREN-P laser without a PM [9, 10]. Figure 3 (a) shows
the experimental setup.

The J-KAREN-P laser with a wavelength of ~0.81 um and a
pulse duration of ~40 fs was focused in a ~2 pm diameter spot
with an f/1.3 off-axis PM. The transferred energy on the target
was ~10 J, resulting in an intensity of ~5x102! Wem™ [8]. The
incident angle on the target was 10° from the optical axis. To
diagnose the accelerated ions, the Thomson parabola
spectrometer (TPS) was placed on the optical axis ~1 m away
from the target. Figure 3 (b) shows the observed energy
distribution functions for protons in the laser shots with 2, 4, 8,
and 16-layer LSG targets, corresponding 2, 4, 8, and 16 nm
thicknesses. MeV-scale proton accelerations were realized
without a PM by irradiating the thinnest target ever [9]. Using
other types of nm-scale targets than LSG, MeV-scale protons
have been observed only with PMs in experiments [13]. Thus, the
high thermal conductivity and transparency of graphene are
considered important factors in understanding its pre-pulse
resistance; experiments for confirmation are for a future study.

As shown in Fig. 2 (a), 2-16 layer LSG targets are too thin
to efficiently accelerate ions by RPA. In Fig. 2 (b), the maximum
proton energies for each LSG layer in the experiment are shown
with the red dashed line. The simulation and experimental results
show higher proton energies with thicker LSG at the thickness
regime. Since the PIC simulations are performed with ideal
conditions without pre-pulse, PIC simulations overestimate the
proton energy compared to the experimental results. The
deviations between the PIC and experimental results are larger
for thinner targets. The results tend to approach a factor two
discrepancy as the target becomes thicker. Thus, extremely high-
energy protons are expected to be generated without a PM by
optimizing the LSG targets to the laser conditions. In addition,
even when factor two from the numerical results is considered,
the proton acceleration is expected at ~200 MeV even without a
PM with three times more intense J-KAREN-P laser. Notably,
even LSG is assumed to be ionized by pre-pulse heating. Using a
PM is expected to improve the situation and increase the
accelerated ion energies, especially in the extremely thin regime
with only a few layers of LSG.

To realize such high-energy proton accelerations, the
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Figure 3. (a) Experimental setup for laser ion acceleration
with J-KAREN-P laser and large-area suspended graphene
(LSG) targets. (b) Proton distribution functions obtained
with Thomson parabola spectrometer (TPS) for 2, 4, 8, and
16-layered LSG target shots [9, 10].
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optimization of ion diagnostics is important. TPS is not enough
to diagnose the expected high-energy protons owing to its low
resolutions for such high-energy protons. In this situation, the two
types of diagnostic methods developed are expected to play
important roles: one involves machine-learning-implemented
analyses of solid-state nuclear track detectors [11], while the
other includes a multi-stage scintillation detector [12].

In summary, laser ion acceleration is investigated with large-
area suspended graphene (LSG) targets. The experiment realizes
MeV-scale proton accelerations without PM using the thinnest
target ever. Optimization of LSG to the laser predicts the
generation of ~200 MeV protons without a PM with conditions
assuming the upgrade of J-KAREN-P.
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Numerical study on electro-optical sampling of

transition radiation from laser wake-field electrons &&f
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Laser wake-field acceleration (LWFA) [1], with the inherent
ultrashort timescale and ultrahigh acceleration gradient, has
attracted great interest globally. Electron plasma waves with a
wavelength of a few tens of micrometers (um) can be generated
via the incidence of a high-power femtosecond (fs) laser beam on
an under-dense plasma. Trapped electrons achieve energies of
over GeV within a centimeter [2].

In the study of LWFA, the generation and application of
secondary X-ray sources are of significant importance. The
timing and duration of the electron bunches affect the temporal
resolutions of pump-probe applications. The three-dimensional
(3D) density of the electron bunch partially determines the peak
fluence of the X-rays. For the investigation and optimization of
high-brightness electron bunches from LWFA, the development
of a single-shot monitor capable of measuring the transverse and
longitudinal profile of a high-energy electron bunch is important.

Electro-optic (EO) sampling has been applied to accelerator
studies for the measurement of temporal information of high-
energy electron bunches [3]. Pioneering numerical studies have
been reviewed in a previous study [4]. For monitoring of the
electron emission timing, “EO spatial decoding technique” has
been introduced into LWFA in our previous studies [5-8].

EO sampling of transition radiation (TR) from an electron
bunch has been conducted to measure the relative electron
longitudinal profile or the field strength of a terahertz pulse [9-
11]. However, simultaneous measurement of absolute current and
transverse profiles has not been attempted. By performing EO
spatial decoding on the TR field, the electron bunch profiles can
be measured both temporally and spatially. The detection method
has been named as “TR-EO” method in this study.

The numerical investigations concentrate on EO spatial
decoding of TR generated by a relativistic electron bunch
traversing a metal foil [12]. The computations involve the
imaging of polychromatic transition radiation emitted by the
electron bunch and EO spatial decoding process. From an
experimental standpoint, a meticulous examination of the
calculation methodology for data analysis is crucial. Thus, to
comprehensively grasp the signal generation process and explore
the feasibility of employing a less time-intensive approach,
comparative analyses on detailed and simplified models are
conducted in this study for both transition radiation imaging and
EO signal generation.

Regarding TR imaging, the findings indicate that the
simplified analytical model is adequate for conducting
polychromatic calculations with significant accuracy. Concerning
EO spatial decoding, the EO signal generation process is
investigated using one and two-dimensional (1D and 2D) models.
The observations of this study reveal that the 1D model suffices
for swift data analysis. Moreover, temporal energy chirp is
demonstrated to minimally affect the shapes of EO signals. A part
of the results is reported in this paper.

The concept of the numerical study is depicted in Fig. 1. For
LWFA, a drive laser beam is directed onto a gas target to generate
an electron beam. However, the outgoing drive laser can cause
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Fig. 1 Conceptual scenario of the TR-EO spatial
decoding set-up for LWFA. ¢: electron bunch; OAP: Off-
axis-parabolic gold mirror; S: polarizer before EO
crystal; P: polarizer after EO crystal; A /2: half
waveplate; A/4: quarter waveplate; and BP: bandpass
filter. The inset shows the coordinates of the imaging
plate. The [-1,1,0] axis of the crystal is along the Yp
direction. The polarization of the incident probe laser is
also parallel to the Y, direction. (Xp, Yp) denote the
coordinates in the detection plane (EO crystal).

damage and produce noise during particle parameter detection.
Thus, a metal foil (such as aluminum or stainless steel) is
positioned in the path of the electron beam to mitigate noise
generated by the drive laser beam and TR, as illustrated in Fig. 1.
Subsequently, the emitted TR is imaged using two off-axis
parabolic (OAP) mirrors and directed onto an EO crystal,
typically one with a zinc-blende structure. Spatial decoding is
performed using an ultrashort probe laser beam with a small
incident angle 6, to the EO crystal. The [-1, 1, 0] axis of the
crystal aligns with the polarization direction of the probe laser
and is orthogonal to the plane formed by the probe laser beam and
the TR propagation direction. Half-wave and quarter-wave plates
are inserted to enable near-cross-polarization detection [4]. Then,
the TR passing through the crystal is imaged again to measure the
optical transition radiation (OTR). Since the TR field covers a
wavelength range from visible to infrared, it is advisable to place



the EO crystal inside a vacuum chamber to prevent unwanted
absorption from the vacuum window and air. Similarly, a gold-
coated OAP is utilized instead of a lens to transmit TR for the
aforementioned reason.

1
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Fig. 2 Comparison of 3D calculated results of |Ej|max
obtained using the two approaches with different electron
energies. All figures share the same colormap limit. (a) and
(c) Calculation results of Huygens-Fresnel diffractions. (b)
and (d) Calculation results obtained using an analytic model
based on Fraunhofer's assumption. (a) and (b) show the
results with an electron energy of 20 MeV, while (c¢) and (d)
show the results with an electron energy of 200 MeV.
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Fig. 3 2D spatial-temporal signals in dimensions (T, Y)
obtained using a GaP crystal with thickness of 30 um. The
electron bunches have charges of 32 pC and transverse sizes
of 50 pm. (a) and (b) 2D EO signals from electron bunches
with temporal durations of 50 and 20 fs, respectively.
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3D TR imaging is conducted using two approaches: one
involving calculation based on Huygens—Fresnel diffractions,
while the other utilizes an analytic model grounded on the
Fraunhofer assumption. The computed results from both methods
vary with electron energies, as illustrated in Fig. 2. The electron
bunch parameters include charge = 32 pC, transverse beam size
= (50, 50) um, and bunch duration = 20 fs (root mean square,
Gaussian). Remarkably, the TR field distributions obtained from
both approaches are nearly identical. For electron energies of 20
and 200 MeV, the peak values of |Ey|max from the detailed
calculations are only 3 % lower than those derived from the
simplified analytic model. The slight variance demonstrates the
suitability of employing an analytical model for parameter fitting
purposes.

The generation of “spatial-temporal” 2D EO signals is
achieved through calculations of EO spatial decoding, as depicted
in Fig. 3. Notably, the signals exhibit opposite signs relative to
the horizontal line “Y = 07, in correspondence with the radial-
polarization characteristic of the TR field. As the bunch duration
decreases from 50 to 20 fs, oscillations emerge due to phase-
mismatch and absorption effects, as illustrated in Fig. 3(b).
Moreover, the temporal profile varies with different vertical
distances “Y”, showing the spatial-frequency distribution of the
TR field.

In summary, a systematic numerical investigation is
conducted on EO spatial decoding of TR emitted by relativistic
electron bunches. This study offers valuable insights into
investigations on the 3D charge—density profiles of ultrafast
electron bunches in both laser wakefield acceleration and
conventional accelerators. For further details, please refer to the
recently published article, “K. Huang et al., Physical Review
Accelerators and Beams 26, 112801 (2023).”
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Pointing stable low-divergence
100 keV-class electron beam generation
driven by near-critical-density LWFA
formed by microcapillary target

MORI Michiaki

High-field Science Research Group, Department of Advanced Photon Research

1. Introduction

Laser-driven electron acceleration can generate a GeV-class
electron beam with an acceleration length of several centimeters
owing to its high acceleration gradient, and it can be downsized
by 1/1000 compared to conventional RF electron accelerators [1].
Such a drastically downscaled electron accelerator will be
expected as the next generation X-FEL [2]. On the other hand,
many applications, such as electron microscopy and sterilization,
use electrons with energies below 1 MeV (i.e., soft electrons [3] ),
and social demand is higher than GeV electrons. Tajima et al.
proposed generating a low-energy laser-driven electron beam and
its applications as a high-dose-radiation cancer therapy [4,5].
This technique uses a plasma density near the critical density
produced by a solid carbon nanotube target to generate low-
energy electrons via laser-plasma interaction at an acceleration
length of a few microns. In such an approach, the design and
fabrication of carbon nanotube configurations are necessary, and
additional research and development are required. On the other
hand, since the hollow fiber (microcapillary plate (MCP)) utilizes
the plasma generated by laser ablation inside the hollow fiber, the
generated plasma density profile inside the capillary can be
controlled by the inner diameter of the capillary. Furthermore,
MCP is a fundamental technology for electron multiplier tubes,
so it is possible to supply precise and high-quality targets. In this
work, the soft electron beam generation using a MCP target was
demonstrated. The energy distribution and the spatial distribution
of electrons were measured [6].

2. Experimental setup and results

The experimental setup is shown in Fig. 1(a). The
experiment was conducted using a terawatt Ti:Sapphire laser,
JLITE-X, at the KPSI QST. The terawatt laser pulse from JLITE-
X was focused with a 30 um spot diameter at 13.5 % of the peak
intensity into a MCP target (Fig. 1(b)) by an /22 off-axis parabola
mirror. The MCP target has a two-dimensional microcapillary
array (an effective diameter of 27 mm attached to a 30-mm-
diameter glass plate). The microcapillary hole's diameter and

capillary length of the MCP were 10 um and 410 um, respectively.

The microcapillary hole of the target was set parallel to the laser
beam axis. Here, the direction of the capillary hole of MCP was
tilted at 12° from the normal of the plate to avoid optical damage
by back reflection from the target.

Figure 2 shows the typical energy spectra of generated
electrons. The pump laser intensity was changed from 4x10'6
W/em? to 1x10' W/ecm? by changing the pump laser pulse
duration from 1 ps to 40 fs at a laser energy of 160 mJ constant.
Here, the effective laser energy coupled to a single capillary was
estimated to be 27 mJ by considering the geometrical
configuration. To measure these spectra, an electromagnet and an
imaging plate (IP) were used. The electron yield and the slope of
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Figure 1 (a) Experimental Setup. (b)
Microscopy image of the MCP target
surface [6].

the spectra below 100 keV showed a weak dependence on the
pump laser pulse duration except at a pump laser pulse duration
of 1 ps. The electron yield was markedly decreased at the pump
pulse duration of 1 ps. The hot tail profile that contained a little
humped structure at around 200-400 keV significantly changed
with increasing laser intensity. Below 2.5x10'7 W/cm?, the hot
tail above 200 keV showed a Maxwell-Boltzmann-like profile. It
became a humped structure with peaks at around 300 keV at the
highest intensity of 1x10'® W/cm? On the other hand, these
electron beams were highly collimated. Figure 3 shows the
divergence of the generated electrons with energies above 40 keV
as a function of pump laser intensity. In the measurement, the
electromagnet was removed. The spatial distribution of electrons
was measured by using an IP (Fujifilm BAS-SR) with an Al 12
um filter. These results were taken by a single shot. The beam
divergence of ~30 mrad at half-angle in the form included in a
weak background electron energy of a few tens keV was observed.
This electron beam has a very weak dependence on the pump
laser intensity and is close to the field of view angle at the
capillary tube (a ~ 25 mrad, where « is half-angle). In a former
work, collimated X-ray generation from an X-ray tube coupled
with a MCP has been demonstrated. A 2mm thick MCP plate
consisting of the diameter of a 12 um microcapillary hole was
used in the experiment. The beam divergence of 4.5 keV X-rays
passing through the microcapillary plate was measured to be 5.6
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Figure 2 Experimentally obtained electron
energy spectra for various laser pump intensities
and laser pulse durations. The effective laser
energy incident into the microcapillary was
constant (E =27 mJ) [6].

mrad in half angle which agrees with the field of view angle at
the capillary tube (@ = 6 mrad). A similar mechanism is thought
to have happened in our experiment. Here, the yield of energetic
electrons at >40 keV was estimated to be 10° order or sub-pC
electron charge from the electron.

This value is evaluated to be 1% order of the number of
electrons contained in the volume by the product of the
microcapillary diameter and the acceleration length when the
average density is assumed to be the critical density. This
collimated electron beam has highly pointing stabilized. Shot-to-
shot pointing fluctuations in root-mean-square deviation (RMSD)
were 1.7 mrad in horizontal and 1.9 mrad in vertical for ten shots
at the maximum laser intensity. These values were more than ten
times smaller than the beam divergence. This result indicates
microcapillaries have not only beam collimating but also
contribute to the beam pointing stabilization.

In summary, the first definitive near-critical-density LWFA
experiment using a microcapillary target that shows a strong
coupling of the laser to electrons at near-critical density has been
performed. A pointing stable low-divergence 100-keV-class
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Figure 3 FWHM divergence of electrons at >40 keV
as a function of laser intensity. The inset shows a
typical single-shot electron image at the laser
intensity of 1x10'® W/cm? [6].

electron beam was generated by using a MCP target. This new
regime of LWFA may be very suitable for future extremely
compact keV electron accelerators such as endoscopic
radiotherapy equipment.
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Single-pulse extraction using
a laser-activated GaAs reflective switch
for a terahertz free-electron laser

KAWASE Keigo

LCS Gamma-ray Group, Department of Advanced Photon Research

The terahertz free-electron laser (THz FEL) at SANKEN,
Osaka University, generates an intense pulse train of terahertz
radiation. A typical radiation frequency range covers 3 to 7 THz.
The number of pulses in a train is ~200 with a pulse interval of
37 ns and the radiation energy of the train exceeds 45 mJ. The
maximum pulse energy exceeds 200 pJ, which is one of the

highest pulse-energy class terahertz radiation sources in the world.

When a train of terahertz pulses is irradiated on a sample, it is
difficult to judge whether the result is due to a high field or total
energy. Therefore, extracting a single pulse from a terahertz pulse
train is useful for various experiments studying high-field effects
in the terahertz range.

The extraction method adopted in this study is a technique
of semiconductor reflective switching. Normally most
semiconductors are highly transmitting materials for terahertz
radiations. By irradiating an intense laser pulse with photon
energy exceeding the bandgap energy of the semiconductor, the
electron-hole plasma is excited on the surface, which turns highly
reflective for terahertz radiation. Then, the excited surface can be
brought back to the normal state after a specific relaxation time
depending on the material species. Compared to indirect bandgap
semiconductors such as Si and Ge, GaAs is a typical direct
bandgap semiconductor that is expected to have a faster response
of switching to extract a single pulse from a train. Therefore, the
GaAs reflective switching to extract a single terahertz pulse is
thoroughly investigated in this study.

The schematic of the experimental setup is shown in Fig. 1.
The THz FEL is transported from the accelerator room through
the vacuum duct, and extracted from the vacuum chamber
through the diamond window. Two wire grid polarizers are used.
The first polarizer is used for changing the FEL intensity, while
the second one is used to ensure a definite polarization direction
in the horizontal plane. Two off-axis parabola reflectors are used
to down-collimate the FEL. The FEL is injected into the GaAs
wafer with Brewster’s angle of ~74° for radiation with a
wavelength of 70 um. The GaAs wafer is undoped and has a
thickness of 0.5 mm. The laser pulse to activate the electron—hole

Figure 1: Experimental setup.
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plasma on the GaAs surface is generated by a regenerative Ti:
sapphire laser system (Spitfire, SpectraPhysics, Inc.), which
generates an output power of 700 mW, nominal pulse duration of
100 fs, and repetition frequency of 960 Hz. Irradiation energy on
the GaAs can be varied with a half-wavelength plate and
polarizing beamsplitter. The maximum irradiation energy on the
GaAs is 0.56 mJ. An optical delay line is inserted in the laser
transport line with a motorized linear stage to match the timing
between the laser pulse and terahertz pulse. The reflected
terahertz pulse is detected by an energy sensor (JIOMB-LE,
Coherent Inc.) or a fast pyroelectric detector (P5-00, Molectron
Detector Inc.). The transmitted terahertz pulse train is detected by
an energy sensor with a larger aperture (JSOMB-LE, Coherent
Inc.) or also by the P5-00 detector.

The spatial beam profile of the terahertz pulse is directly
measured by a two-dimensional pyroelectric sensor array (IR/V-
T0831 THz Imager, NEC Corp.). The beam sizes of the terahertz
pulse of wavelength 70 pum at the wafer position in the standard
deviation are evaluated to be 0.38 and 0.33 mm in the horizontal
and vertical directions, respectively. The beam profile of the laser
pulse is observed through the irradiation image by putting a paper
sheet at the wafer position with Brewster’s angle to the terahertz
beam axis by a CMOS camera (DMK21BUCO03, The Imaging
Source, LLC). The beam sizes of the laser pulse on GaAs in the
standard deviation are evaluated to be 3.2 and 2.3 mm in the
horizontal and vertical direction, respectively. Notably, the spatial
profile of the terahertz pulse is horizontally enlarged to 1.43 mm
due to Brewster’s angle injection, while the laser profile shows
the actual beam sizes on the GaAs surface. Therefore, the spatial
overlapping of the terahertz pulse on the laser irradiation area is
enough for this experiment considering Brewster’s angle
injection.

A typical waveform of the transmitted terahertz pulse train
detected by P5-00 without switching is shown in Fig. 2(a) and its
enlarged image is shown in Fig. 2(b). The train structure confirms
that the laser-activated reflective switching technique with GaAs
can extract a single terahertz pulse, as shown in Fig. 2(c). The
reflected pulse energy with laser activation is 180 + 25 pJ, while
without activation is 104+14 pJ. Thus, the maximum extracted
pulse energy is calculated as 76+28 pJ, where the incident pulse
energy is estimated as 161 + 23 pJ. Therefore, the reflectivity of
the switch is evaluated to be 0.47. One of the possible reasons for
the reduction of reflectivity from unity involves the intervalley
scattering of a part of terahertz pulse due to its high intensity. The
issue is for future studies to investigate in further detail.

The dependence of the extracted pulse energy on the
irradiated laser fluence is shown in Fig. 3. The reflected pulse
energy saturates at 0.6 mJ/cm? of laser irradiation. The value is
half the possible fluence in this experiment. Thus, the acceptable
spatial mismatching between the terahertz pulse and the laser
pulse can be calculated. The 1-standard deviation beam size of
the terahertz pulse in Brewster’s angle injection is 1.43 mm, as



aforementioned. Conversely, the full-width half maximum
(FWHM) beam size of the laser is 7.5 mm. The ratio is 5.3; thus,
99 % of the terahertz pulse is contained in the FWHM of the laser
spot. Therefore, misalignment does not cause such a large
reduction in reflectivity.

The switching technique can be used for a wide wavelength
range. Figure 4 shows the result for the whole range of the THz
FEL at SANKEN with fixed electron beam energy. The
wavelength dependence of the reflected energy shows similar
behavior to the total energy of the pulse train, implying the
switching action has no clear dependence on the wavelength.
Thus, the technique can be used for the entire wavelength range
of THz FEL at SANKEN.
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Figure 2: (a) Typical waveform of the transmitted terahertz
pulse train and (b) the enlarged waveform. The energy of the
terahertz pulse gradually increases in a few microseconds,
and then attains saturation. The length of the train is ~6—7 ps.
(c) Reflected pulse waveform by laser-activated switching.
No satellite pulses are available in the linear scale.
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In summary, the single-pulse extraction of an intense
terahertz pulse of FEL is investigated by using a laser-activated
semiconductor reflective switching technique. The maximum
extracted pulse energy is 76 pJ, and the technique applies to the
whole wavelength range of the SANKEN THz FEL.

Detailed descriptions of this report have already been
published [1].

Acknowledgments

The author thanks the Japan Society for the Promotion of
Science, Japan under the Grants-in-Aid for Scientific Research
(Contract no. 20K12491, 15K13407, and 24310069) and the
Ministry of Education, Culture, Sports, Science and Technology,
Japan, Japan under the Quantum Leap Flagship Program (Grant
no. JPMXS0118070271) and performed under the Cooperative
Research Program of “Network Joint Research Center for
Materials and Devices”, Japan (Subject no. 20222007 and
20202008).

References

1. K. Kawase and G. Isoyama, Nucl. Instrum. and Methods in
Phys. Res., A 1056 (2023) 16818
(d0i:10.1016/j.nima.2023.168618).



Half-life measurement of a long-lived

radioisotope "°Lu

HAYAKAWA Takehito

LCS Gamma-ray Group, Department of Advanced Photon Research

A meta-stable isotope '7°Lu exists in the present solar system
with an isotopic fraction of 2.59874+0.00012%. It decays to its
daughter nucleus "°Hf with a half-life of approximately 4x10'°
y, where the 6" state in "Hf is predominantly produced and
gamma-rays with energies of 88, 202, 307, and 401 keV are
radiated (Fig. 1). The '"Lu-!"Hf system has the potential as a
nuclear chronometer for evaluation of an age from a stellar
nucleosynthesis event to the present [1, 2] and an age of
formation and evolution of planets and moon [3, 4]. However, the
half-life of '7%Lu is yet to be established.

The values of the half-life have been reported using various
nuclear experiment techniques but the results are not consistent.
Such techniques can be classified into the following three groups.
First is the gamma-ray measurement using a single detector.
Second is the gamma-gamma (beta-gamma) coincidence
measurement including the sum peak method. Third is beta-ray
measurement using a liquid scintillation detector. In these
methods, the half-lives were reported by measuring the 202 or
307 keV gamma-ray with a scintillation detector or a high-energy
resolution germanium detector. The results depend on the
emission probability of the gamma-ray in the decay of '7Lu and
the detection efficiency. The emission probabilities of the
gamma-rays have uncertainties. The detection efficiency is
generally evaluated using standard radioactive sources but they
have typically uncertainties of a few percent. The gamma (beta)-
gamma coincidence method depends on the angular correlation
between two radiations and the shape of the target. They are
typically evaluated with simulation calculation. Liquid
scintillation detectors are also calibrated using a standard
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Figure 1 Partial decay scheme of 176LLu
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Figure 2 Schematic picture of nuclear
chronometer.

radioisotope such as *H, and they exhibit uncertainties of a few
percent.

Furthermore, the half-life of '7°Lu was evaluated from the
Lu-Hf isochron methods of meteorites and terrestrial materials.
First, the ages of the samples were evaluated and then the half-
life of '7°Lu is evaluated from the isotopic abundances of Lu and
Hf (Fig. 2). A half-life of approximately 3.72x10'?y was reported
for terrestrial rocks and meteorite phosphates [5, 6]. However,
different half-lives of approximately 3.51x10'° y were provided
through the analyses of several meteorites [4]. The discrepancy
has been an unresolved problem. To understand the discrepancy,
the true half-life of '7Lu should be known.

The inconsistency in the half-lives measured by the nuclear
experiments does not depend on measurement methods. Thus,
even when a half-life value of 7°Lu is precisely measured using
one of the known methods, it is difficult to know whether it is
close to the true value. As aforementioned, the previous values
may be affected by the uncertainties of detection efficiency,
radioactivity of standard radioisotope source, and nuclear
structure in the experiments. Thus, we explore the half-life using
a new method that is not sensitive to such uncertainties.

In the present study [7], we use a windowless 4n-type large
volume BGO detector to measure gamma-rays, x-rays and
electrons radiated from a natural Lu sample located inside the
detector (Fig 3). The BGO materials exhibit the remarkable
features of non-deliquescent and large stopping power originating
from the large atomic number element bismuth. Owing to the
non-deliquescent it is possible to make a windowless detector.
The detector consists of two BGO crystals and a photomultiplier
tube (PMT) (Hamamatsu Photonics K.K., R1307-07). The size of
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Figure 3 Experimental setup.

the first BGO crystal is ¢3 inch. x 2 inch, whereas the second is
a well-type crystal with a size of ¢3 inch. % 3 inch, which has a
hole of $10 mmx15 mm. The thickness of the BGO crystals is
selected to detect almost all gamma-rays from '"°Lu. A sample is
located inside the BGO crystals (Fig. 3) for measuring almost all
decays. The detection probabilities of photons and electrons from
the natural Lu sample can be calculated using the PHITS particle
and heavy ion transport code system, where detection implies that
the energy deposited in the BGO crystals by an incident particle
is higher than or equal to 30 keV. The lower limit is verified by
the measurement of the Cs x-ray at approximately 31 keV from a
133Ba radioisotope source located inside the detector. The
detection probabilities of photons with energies of 200-350 keV
are higher than 99.5%. We conservatively evaluate the total
detection probability for '7®Lu decay of approximately 99.9
+0.01%.

Background radiations exist in the laboratory. Thus, the
detector is shielded using lead blocks with a typical thickness of
150 mm and copper plates with a thickness of 15 mm. The signals
from the PMT are amplified using an ortec 113 scintillation
preamplifier and an ortec 672 spectroscopy amplifier. The signals
from the amplifier are recorded using a multi-channel analyzer
(K. K. TechnoAP, APG7400A). The background counting rate is
approximately 4 count per second (cps) and the counting rate with
a Lu sample is approximately 12 cps. The weights of two Lu foils
are 125.26+0.05 and 121.43+0.05 mg. Because the evaluated
isotopic abundance of '7’Lu is as precise as 2.5987+0.0012%, we
use natural Lu samples. The decay from each Lu sample and the
background without the samples are measured for 48 h,
respectively. The half-life can be obtained from the total number
of beta decay. We finally obtain the half-life of (3.719
+0.007)x101y.

The present method has the following three advantages. First,
the obtained value is almost insensitive to nuclear structure such
as gamma-ray emission probability and electron capture
branching ratio. Second, the presently obtained half-life is not
sensitive to the calculated result of detection efficiency, because
the detection efficiency is almost 100%. Third, the detection
efficiency is free from the uncertainties of calibration sources
because they have not been used in the present study. Thus, we
conclude that the presently measured half-life is more accurate
than those measured by the previous nuclear and geochemical
experiments. In addition, the present method is the most precise
among all the methods (Fig. 4). Thus, it is expected that the
present result contributes to the study of formation and evolution
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of our solar system and ages of stellar events before the solar
system formation.

The presently measured half-life is consistent with that
obtained by the age comparison with the U-Pb method in
terrestrial rocks and meteorite phosphates [5, 6]. This indicates
the following three facts. First, the present half-life is consistent
with the precisely measured half-lives of 233238U, and thus the Lu-
Hf system could be used for dating a sample consistent with the
U-Pb method even if the latter cannot be used. Second, the longer
half-life measured in meteorites is close to the true value, and a
mechanism that explains the shorter half-life obtained from other
meteorites is required [4]. One of the possible mechanisms
involves decay acceleration by cosmic gamma-ray irradiation in
the early solar system. As shown in Fig. 1, an isomer with a short
half-life of approximately 3.7 h exists in '7°Lu. When "°Lu is
irradiated with gamma rays of energies higher than MeV,
intermediate states in '°Lu are excited with the absorption of
gamma rays and partly decay to the isomer, subsequently
decaying to 7®Hf. Thus, the possibility that high energy cosmic-
ray irradiation has occurred in the early solar system exists. To
study this phenomenon, details on the isotopic abundances of Hf
and Lu in various samples are required. In near future, the
isotopic data of the samples obtained from an asteroid Ryugu by
Hasabusa2 project [8] are expected to provide hints for
understanding decay acceleration.
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Research Activities at
the Synchrotron Radiation Research Center

WATANUKI Tetsu

Synchrotron Radiation Research Center

A wide range of X-ray techniques are being developed at the
Synchrotron Radiation Research Center (SRRC) to investigate
the structural, electronic, and magnetic properties of matter,
primarily using two QST beamlines, BL11XU and BL14B1, at
the large synchrotron radiation facility, SPring-8. Hard X-ray
non-destructive in-situ techniques have been investigated to
enable ground-breaking measurements using techniques
including single atomic-layer magnetic microscopy, element
/orbital-specific excited-state analysis, coherent X-ray nanoscale
imaging, and time-resolved studies of samples under extreme
conditions such as extremely high pressures of hydrogen gas.

The SRRC has been partially reorganized this year and
consists of the Coherent X-ray Research Group, Hydrogen
Materials Research Group, Magnetism Research Group,
Advanced Spectroscopy Research Group, and a beamline
operation office (Table 1).

During 2023FY, Dr. T. Mitsui received the Minister of
Education, Culture, Sports, Science, and Technology's
commendation for developing an innovative single atomic layer
resolved magnetic probing method and applying it to the study of
the unique magnetic properties of iron surfaces. Furthermore, the
Hydrogen Materials Research Group started participating in the
Green Technologies for Excellence (GteX) program. Other
research activities of each group are summarized as follows.

The equipment developed at SRRC is available for public
use, and we accepted 46 research proposals in FY2023, as a
project member institute of the Advanced Research Infrastructure
for Materials and Nanotechnology, Japan (ARIM) [1].

Synchrotron and free-electron laser (FEL) X-ray facilities
are being rapidly constructed worldwide. The Coherent X-ray
Research Group is researching to ensure state-of-the-art
synchrotron/FEL research. Advanced measurement and analysis
techniques are being developed for the effective utilization of
novel advanced light sources. The application of spatially
coherent X-rays has facilitated the visualization of
inhomogeneity inside matter.

An apparatus for Bragg coherent X-ray diffraction imaging
(Bragg-CDI) is being developed for applications to the study of
inhomogeneous structures of submicrometer-sized crystalline
fine particles in functional materials. The technique has been
upgraded for application to a BaTiOs single particle in ceramics
[2] and negative thermal expansion materials [3].

Ultrafast and intense pulses from a soft X-ray FEL source
such as SACLA (BL1) facilitate the investigation of processes
such as vibration, dissociation, and charge transfer within single
molecules. The ultrafast charge rearrangement during the
dissociation of 2-iodopropane has been revealed using site-
selective ionization of an iodine atom and tracking electron
transfer between the resulting multiple-charged iodine ions and
propyl fragments [4].

A surface X-ray diffractometer coupled with a molecular-
beam-epitaxy chamber is used for the in-situ measurements of
GaN crystal growth on several types of substrates under the
approval of the QST-ARIM project.
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The research objectives of the Hydrogen Materials
Research Group include (i) fundamental and applied studies of
hydrogen materials using synchrotron radiation X-rays, high-
pressure apparatus, magnetron sputter apparatus, and theoretical
calculations; (ii) the development of experimental techniques for
in-situ measurements under extreme conditions, including high-
hydrogen pressure and in compressed hydrogen gas
environments; and (iii) studies on the effects of synchrotron X-
ray irradiation on tumors. The research group members focus on
the syntheses of novel hydrogen-rich compounds and theoretical
calculations considering the quantum effect of hydrogen.

Metal-hydrogen systems under high pressure are the main
research target of the group. Structural phase transformations and
microstructure  evolutions  during  hydrogenation  and
dehydrogenation of Fe-based alloy around 10 GPa have been
investigated using in sifu synchrotron radiation X-ray diffraction
technique along with scanning electron microscope (SEM)
analysis of a recovered sample at ambient pressure [5]. High-
pressure hydrogenation of typical hydrogen storage alloy, LaNis
has been investigated. Hydrogenation reaction around 10 GPa has
been observed to form hydrogen-rich hydride, LaNisHx (x < 9)
[6]. Proton disorder in the C;’ phase of Hz hydrate around 1 GPa
has been investigated based on first principles molecular
dynamics, where the quantum nature of nuclei is considered [7].

Additionally, studies have investigated the effects of
irradiation on tumors, using nanoparticles containing high-Z
elements. The effect of X-ray irradiation on tumor spheroids, in
which iodine is introduced to enhance the radiation effect, has
been investigated using synchrotron radiation X-rays (£ = 33.2
keV) above the iodine K-absorption edge.

The Magnetism Research Group investigates the electronic
and magnetic properties of condensed matters to unveil the key
properties of functional materials and devices using advanced X-
ray spectroscopies, such as nuclear resonant scattering (NRS) and
X-ray emission spectroscopy (XES), and theoretical calculations.
For NRS, the magnetic phases of Mn2Fe.Ga thin films, which are
candidate materials for high-speed memory, have been evaluated
using conversion electron synchrotron radiation Mossbauer
spectroscopy, which enables non-destructive analysis of magnetic
structure. From spectral analysis, it was found that Mn2Fe Ga thin
films consisting only of magnetic phase suitable for high-speed
memory were formed in the x =1 to 1.3 region [8].

This study successfully demonstrates that synchrotron
Maossbauer spectroscopy is an effective tool for developing high-
speed memory materials, which opens the door to future smart
societies. X-ray magnetic circularly polarized emission
(XMCPE) is a variant of the XES techniques, which is novel
magnetic spectroscopy operated in the hard X-ray regime with
the distinctive feature of a large flipping ratio (25 %) for Ko
emission of 3d transition metal elements. We developed an
XMCPE microscope and applied it for the observation of buried
magnetic domains in grain-oriented electrical steel. Transverse
domains, which are hidden internal magnetic domains, were
successfully visualized for the first time owing to the large



penetration length of hard X-rays [9]. Additionally, theoretical
frameworks and computational program codes to analyze the
electronic and magnetic properties of strongly correlated electron
systems probed by modern X-ray spectroscopies such as X-ray
absorption and emission (XAS and XES), X-ray photoemission
(XPS), resonant inelastic x-ray scattering (RIXS), and their
magnetic dichroic spectroscopies, X-ray magnetic circular
dichroism (XMCD), XMCPE, XPS-MCD have been developed.
Our theoretical studies aim to provide insights and predictions for
experimental observations from microscopic theoretical
perspectives.

The Advanced Spectroscopy Research Group develops both
hard and soft X-ray spectroscopic techniques for the synergistic
use of SPring-8 and NanoTerasu to investigate the electronic and
spin states of materials. Research that investigates the electronic
states of materials using resonant inelastic X-ray scattering
(RIXS) and X-ray emission spectroscopy (XES) is conducted by
this group. The target materials range from strongly correlated
electron systems including cuprate superconductors to functional
materials such as battery electrodes and catalysts. Additionally,
the group has developed various angle-resolved photoelectron
spectroscopy (ARPES) instruments that enable the observation of
electronic states of materials, with a particular focus on quantum
materials. Building upon this expertise, the group is currently
developing a novel “Nano-Spin ARPES instrument” at
NanoTerasu, which enables the microscopic observation of
electron and spin states at micro or nano-scales.

In today's era of data-driven research, the ability to
efficiently collect and analyze large volumes of experimental data
is a critical factor for success. Thus, cutting-edge measurement
informatics methodologies that leverage machine learning and
artificial intelligence technologies to streamline and automate the
measurement and analysis of diverse synchrotron radiation
experimental  techniques, including X-ray absorption

spectroscopy and XMCD spectroscopy are under investigation.
Furthermore, an innovative analytical approach based on
machine learning has been developed to enable a higher level of
evaluation of several-body interactions through a large amount of
data from a single material using spatially resolved ARPES [10].
Various physical parameters, including the coupling strengths of
electron-electron and electron-boson interactions, have been
statistically evaluated, and the correlation between several-body
interactions has been accessed. Interpretations of state-of-the-art
experiments are often difficult and theoretical studies are
indispensable. Therefore, the electronic states of transition metal
oxides such as high-temperature superconducting cuprates are
examined using numerically exact diagonalization techniques,
and spectra such as RIXS and PES are discussed. In addition, the
excitation spectra for the photoexcited state excited by the pump
light are obtained by numerical calculations, and their
characteristics are clarified theoretically. Recently, exciton-
assisted low-energy magnetic excitations in a photoexcited Mott
insulator on a square lattice have been reported [11].
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Phase transition of a BaTiO, single particle
in ceramics studied by Bragg-CDI techniques

OHWADA Kenji, OSHIME Norihiro

ol

Coherent X-ray Research Group, Synchrotron Radiation Research Center

This study focuses on size effect [1-5] observed in dielectric
materials. The size effect refers to the sample size dependence of
physical properties that should be constant under the same
environment. The size dependence of dielectric properties in
BaTiO; nanocrystals is well-known; furthermore, a variation in
the properties of the sample exists depending on the sample
growth method [4, 5]. To approach the subject from the
perspective of structure, the average atomic positions and
temperature factors obtained by conventional X-ray structural
analysis are not sufficient. To know the nm-to-pum structure of a
single particle, such as the size, shape, internal structure
(including strain, domains, and defects), and the effects of grain
boundaries in the case of sintered particles, understanding the
size-dependent physical properties is crucial.

As a technique to visualize single crystalline particles, we
focus on the Bragg-CDI method [6, 7], which uses Bragg
diffraction sensitive to strain inside the crystal. The Bragg-CDI
method was developed at the Advanced Photon Source (APS) and
the European Synchrotron Radiation Facility (ESRF) and has
been used mainly in the fields of catalysts and semiconductors [6,
7]. However, no facility in Japan has been able to perform the
method thus far. Therefore, we introduced the technique into our
research and have achieved public use from FY2022 under the
Advanced Research Infrastructure for Materials and
Nanotechnology in Japan (ARIM) project by the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) of
Japan. In this report, we present the applications of the Bragg-
CDI method to investigate the phase transition of BaTiOs
nanocrystals [8-12].

The apparatus for the Bragg-CDI method has been installed
at BL22XU of SPring-8, Hyogo, Japan [8]. CDI is a method to
obtain real images by precisely collecting coherent X-ray
diffraction patterns, called speckle, obtained by irradiating a
sample with coherent X-rays and performing phase retrieval
calculations. The Bragg-CDI method provides not only scattering
amplitude corresponding to the electron density but also phase
corresponding to the deviation (strain) of the atomic positions
from the average position, allowing us to discuss the non-
uniformity of crystals. The Bragg-CDI method focuses on the
Bragg diffraction to easily obtain three-dimensional (3D)
information by rotating the crystal angle by a few degrees, while
the transmission-based method requires the sample to be rotated
180° to obtain a 3D image. The former is greatly advantageous
for in-situ measurement where the measurement window is
limited and sample movement is severely restricted.

The following is the experimental flow to obtaining the 3D
image. (1) Dispersed crystals are supported on a thin silicon
nitride substrate that does not modulate the coherence of X-rays
and mounted on the experimental apparatus. Coherent X-rays (8
keV, wavelength 0.1549 nm) obtained from a synchrotron
radiation source are focused to ~2x2 pum? and irradiated to the
crystal. (2) Diffraction from the crystal is acquired by oscillating
the crystal to ~£1° using a photon-counting 2-dimensional X-ray
detector, Eiger500k (Paul Scherrer Institut). The obtained data are
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assembled into 3D voxel data. (3) Phase retrieval calculations are
performed to obtain a 3D real image of the crystal. The scattering
amplitude (corresponding to electron density) and phase
(corresponding to strain) are obtained by analysis.

For Bragg-CDI method in QST, a focused X-ray beam of 2
um is irradiated to a crystal at the 100 nm level. Therefore, the
drift, however tiny, occurring when the sample environment
changes, is fatal because it can cause the signal from the sample
to be lost. Since the heating stages typically used in the
synchrotron radiation X-ray measurement are not sufficient, a
MEMS heating system used in electron microscopy for
synchrotron radiation X-ray diffraction experiments (NHB-5100,
NORCADA Inc.) has been modified [10]. A heater patterned on
a silicon nitride substrate locally heats an area of ~200 pm at the
center and can be controlled from room temperature to 1100 °C
in a vacuum environment. The response is very good, reaching
the desired temperature quickly (within 1 s). The heater is
controlled from a dedicated PC via GUI, which can be remotely
operated via TCP/IP. Therefore, the temperature can be controlled
from the diffractometer control program, and automatic
measurement of temperature variation of diffraction patterns is
possible. For this study, the experiments with BaTiO3
nanoparticles enable the tracking of samples without losing sight
during measurements from room temperature to ~300 °C across
a phase transition of 120 °C. Although the drift is specified to be
less than 10 nm/hr, the crystal is only placed on the substrate, and
the crystal itself moves due to the phase transitions and thermal
expansion, such that the exact amount of drift under the Bragg-
CDI measurement environment cannot be estimated.

In 2021, our previous study reported the results of imaging
isolated particles supported on a substrate at room temperature
[9]. In the experiment of 40 nm crystal, the sample was supported
on the substrate and gold was deposited on the entire substrate to
suppress the drift of the sample [9]. However, physical fixation
added unnecessary stress to the sample and was not desirable.
Currently, experiments can be performed without the fixation
materials for particles of any size [13].

This paper reports the results of imaging a single nanocrystal
in a fine piece of ceramics obtained from sintered BaTiO3
particles of 300—400 nm in size down to ~5 um. The experiment
was performed using the aforementioned MEMS heating system.
The ferroelectric-paraelectric phase transition (7c~120 °C),
which is a characteristic of BaTiO3;, was observed. The grain
shape recovered at 300 °C (paraelectric phase), which was free
from domain-derived strain before and above the phase transition,
shows a grain boundary structure reflecting the stone-wall-like
stacking characteristics of ceramics, as in Fig. 1. The cross-
sectional view shows several stress distributions that can be
influenced by the grain boundaries even at 300 °C. The strain is
represented by the intensity of color from red to blue, indicating
the amount of atom displacement from the average atomic
position. A phase of 27 corresponds to the amount of deviation by
a lattice constant (a), from -m displacement (red) to +=n
displacement (blue).
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Fig. 1 3D image of 400 nm sized particles in ceramics.

BaTiOs forms domains during phase transition, and the
starting point of the connection between the domains analyzed at
40 °C is the region where a large change from the red to blue
regions is observed at 300 °C (slip surface). This study shows the
possibility of imaging a single particle in a solid mass of several
particles, including its temperature change. Additionally, the
effect of grain boundaries in ceramics can be examined from the
perspective of structural strain. The findings of this study are
expected to provide important knowledge of the ceramics’
properties, such as the ability to store more electricity and to
distort greatly at low voltages.

ImageJ [14] and VESTA [15] were used in part to draw
Figure 1.
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Elucidating proton disorder in the C,’ phase of H,
hydrate using first principles molecular dynamics

IKEDA Takashi

Hydrogen Materials Research Group, Synchrotron Radiation Research Center

First principles (FP) simulations based on density functional
theory (DFT) are in principle applicable at a reasonable
computational cost to any material and do not require a precise a
priori knowledge of its structure at a given temperature and
pressure, thus serving potentially as a tool to perform virtual
experiments to complement the actual experimental methods. In
this respect, H2 hydrate is a well-suited system for benchmarking
advanced computational techniques including quantum treatment
of the nuclear degrees of freedom because it can provide
crystalline polymorphism at moderate pressures in the gigapascal
range, while the structures of the resulting crystals are yet
relatively simple. Recently, Wang et al. [1] suggested the
presence of a new phase Ci’ at a pressure of ~1.2 GPa and
temperature of ~298 K based on Raman spectroscopy
measurements. According to Wang et al., proton disordering
occurs in the framework of Ci” phase while maintaining the ice
II-like structure, as in the well-known proton-ordered Ci phase.
Thus, the C1’ phase can be viewed as a proton-disordered analog
of the Ci phase. However, experimental single-crystal X-ray
diffraction patterns are reportedly fitted almost equally well with
the two structures within the space groups R3c and R3c
including ordered and disordered protons, respectively. Therefore,
careful theoretical examinations of available experimental data,
especially Raman spectra, are required to unravel the actual
arrangement of protons in the C1’ phase.

To clarify the arrangement of protons in the Ci” H hydrate,
the lattice parameters and the Raman spectra of the two candidate
structures for C1” Hz hydrate at 1.3 GPa and 300 K (Figs. 1(a) and
(b)) are obtained using FP path-integral ring-polymer molecular
dynamics (FP-RPMD) and conventional FP molecular dynamics
(FP-MD). Then, the computational results of this study are
compared in detail with the corresponding experimental data. For
the proton-disordered R3c system the initial configuration is
prepared by selecting the orientation of each H20 molecule
constituting the framework of the Ci’ Hz hydrate using pseudo-

random numbers while respecting the ice rules. The cell
parameters of both the proton-disordered R3¢ and proton-
ordered R3c systems are estimated by performing NPT FP-
RPMD and -MD simulations and are well comparable to the
experimental results when the appropriate van der Waals (vdW)
corrections are employed. As shown in Fig. 2, the cell volume Q
is largely overestimated by ~9 % relative to the experimental one
using the conventional GGA functional of DFT (specifically
revPBE in this case). By complementing the GGA functional with
FP-based vdW correction (denoted as vdW-WF [3]) formulated
in terms of maximally localized Wannier functions, the absolute
error in the estimated value of Q is remarkably reduced to 0.6 %.

Figure 3 shows the simulated Raman spectra of the two
systems considered for this study, along with the experimental
ones in the OH and Ho stretching regions taken at 1.3 GPa by
Wang et al. [1]. Generally, the presence/absence of the inversion
symmetry in the structures of a material directly affects its
Raman-active vibrational modes, leading to the difference in the
Raman spectra measured for different structures. However, no
noticeable changes are observed in the peak frequencies of OH
and H> stretching Raman spectra computed from the FP-RPMD
(-MD) trajectory for the R3¢ and R3c structures as shown in
Figs. 3(a) and (c) [Figs. 3(b) and (d)], respectively. Instead, the
peak frequencies are significantly dependent on whether the
quantum nature of nuclei is considered in generating the
trajectories. Thus, the discrimination of structures leading to
better agreement between the simulated Raman spectra in the
stretching regions and the corresponding measured ones is
difficult.

A magnified view of the lattice vibrational region in the
simulated Raman spectra of the two systems considered for this
study, along with the corresponding experimental results, is
shown in Fig. 4. The simulated spectra well-reproduce the
spectral features in the lattice mode region, located at 75, 105,
and ~200 cm™! in the observed spectra when the vdW corrections

Fig. 1. Snapshots of the proton-disordered (a) and -ordered (b) systems for C1” Hz hydrate taken from our NP7 FP-RPMD simulations
performed at 1.3 GPa and 300 K [2]. The instantaneous simulation cell is shown as black solid lines. For clarity, H of H2, H of H.O
and O of H20 are represented by gray, white, and red balls, respectively.
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Fig. 2. Fraction (percentage) of the cell-volume difference AQ of
the proton disordered system with respect to the experimental
volume Qexp for C1” Hz hydrate obtained from NPT FP-MD [2]
using several vdW corrections denoted as vdW-WF [3], vdW-
WF2 [4], DFT-D2 [5], DFT-D3 [6], and DCACP [7].

are considered. Otherwise the frequency of the broad peak at
~200 cm! is lowered by ~30 cm™! (plus signs in Fig. 4) compared
to the experimental result. The observation is in line with the
significant overestimate of the cell volume Q shown in Fig. 2.
Furthermore, the spectra of the proton-ordered system considered
in this study show a sharp peak at 200 cm’! and a tiny feature at
75 cm !, contrary to the experimental results. Thus, the protons
of water molecules in the C1’ phase are not ordered as in the R3c
system.

Acknowledgments

This work wused the computational resources of the
supercomputer Fugaku provided by RIKEN through the HPCI
System Research project (Project ID: hp210223). Part of the work
was conducted using the supercomputer HPE SGI8600 in the
Japan Atomic Energy Agency.

Intensity [arb. units]

N
400

Wavenumber [cm_l]

P I
600

Fig. 4. Lattice vibrational region of the simulated Raman spectra
obtained using the trajectories of the proton-disordered R3c
(red) and proton-ordered R3c (blue) systems generated in the
considered FP-RPMD (solid) and FP-MD (dashed) simulations
[2], along with the corresponding measurements for the C1’ phase
by Wang et al. [1]. The computational result of this study
obtained for the R3c system without considering the vdW
corrections in FP-MD is shown as dotted lines with plus signs.

References

1. Y. Wang et al., Phys. Rev. Lett. 125, 255702 (2020).

2. T.Ikeda, Chem. Phys. Lett. 811, 140252 (2023).

3. P. L. Silvestrelli, Phys. Rev. Lett. 100, 053002 (2008).

4. A. Ambrosetti and P. L. Silvestrelli, Phys. Rev. B 85, 073101
(2012).

S. Grimme, J. Comput. Chem. 27, 1787 (2006).

S. Grimme ef al., J. Chem. Phys. 132, 154104 (2010).

. O.A.von Lilienfeld et al., Phys. Rev. Lett. 93, 153004 (2004).

N o

(a)

-

s o o o
()}

Intensity [arb. units]
[\S] B

(=1

[ \ n \
| T T
7 1] 1 | @
508 10 :
Eoer 1T ’
204 =+ -
g L i L i
g 20 i 1 F ]
= i ! 2 b | T
L1 L1 L1 L1 L1 [ o b b by |
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Wavenumber [cm'l]

Wavenumber [cm'l]

Fig. 3. Simulated Raman spectra of the proton-disordered R3c (upper) and proton-ordered R3¢ (lower) systems for the Ci* Hz
hydrate obtained using the trajectories generated in the FP-RPMD (red lines in left) and -MD (blue lines in right) simulations of this
study [2]. For comparison, the experimental Raman spectra [1] in the OH and Ha stretching regions are shown as dashed lines. Small
circles in (a) and (c) represent the experimental spectrum in the OH stretching region uniformly shifted by -238 cm™.

52



Observation of buried magnetic domains
in grain-oriented electrical steel

INAMI Toshiya

Magnetism Research Group, Synchrotron Radiation Research Center

Grain-oriented (GO) electrical steel is a soft magnetic
material characterized by high permeability and low energy loss,
which is primarily used to fabricate the laminated cores of
transformers. GO electrical steel is manufactured by rolling to
obtain sheets of thickness ranging from 0.23 to 0.35 mm. From a
crystallographic perspective, the sheets consist of highly oriented
single crystals, where the sheet surface and rolling direction are
parallel to the (110) plane and the [001] direction of a-Fe,
respectively. The crystallographic character affords an
anisotropic magnetic domain structure. The basic magnetic
domains in the demagnetized state are bar domains alternatingly
magnetized along the [001] direction, as depicted in Fig. 1(a). In
principle, the magnetization process, and thus the major magnetic
properties including permeability and coercive force, are
governed by the motion of 180° domain walls [1,2].

However, some degree of misorientation of the crystal axes
relative to the sheet surface and rolling direction always exists.
According to convention, £ is defined as the angle between the
[001] direction and the closest surface of the steel sheet. When S
is sufficiently large, supplementary domains are generated to
reduce the stray field energy [4], as shown in Fig. 1(a). For a
slightly misoriented (110) surface, the supplementary domain is
expected to consist of a pair of lancet domains connected by a
transverse domain (Figs. 1(b) and (c)). The lancet domains can be
observed on the surface of an electrical steel sheet and are
magnetized along the [001] direction, whereas the transverse
domains are expected to be magnetized along the [100] or [010]
direction [1, 3, 4].

From a practical perspective, the transverse domains in GO
electrical steel play a significant role. For example, transverse
domains give rise to considerable magnetostriction in electrical
steel sheets [3,4] because their magnetization directions are
perpendicular to those of basic bar domains. Magnetostrictive
deformation induced by an alternating magnetic field generates
acoustic noise in transformers. Hence, reducing magnetostriction
is essential for industrial applications. Additionally, the
transverse domains can contribute to hysteresis loss [1,3].

However, details of transverse domains remain ambiguous
because they are internal magnetic domains that have not been
directly observed. Major techniques for the observation of
magnetic domains, such as soft X-ray magnetic circular
dichroism (MCD) microscopy and magneto-optical Kerr effect
microscopy, are surface sensitive or measure magnetic domains
close to the surface.

Recently, the group performing this study developed a new
bulk-sensitive magnetic microscopy technique that utilizes a new
magneto-optical effect in the X-ray region, referred to as X-ray
magnetic circularly polarized emission (XMCPE) [5]. Currently,
a lateral resolution down to 10 pm has been achieved and a
probing depth of ~40 um is expected. In this study, XMCPE
microscope is applied to visualize the buried magnetic domains
in a GO electrical steel sheet [6].

XMCPE is a phenomenon in which the characteristic X-rays
emitted from a magnetized specimen are circularly polarized [7].
The degree of circular polarization in the energy-resolved
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Fig.1 (a) Schematic of a GO electrical steel sheet. The large
arrows indicate the direction of magnetization and the
triangles on the surface represent lancet domains. (b)
Perspective views of an isolated supplementary domain
(left) and successively connected supplementary
domains (right). (c) Side view of a supplementary
domain. The lancet domains are connected by a
transverse domain.

characteristic X-rays of a magnetic element is proportional to the
element-selective magnetization in the emitting region parallel to
the emission direction. Therefore, by measuring the degree of
circular polarization of the emitted X-rays, the magnetization of
the emitting position projected onto the emission direction can be
estimated. A key advantage of XMCPE involves the large
dichroic effect for Ko emissions of 3d transition metals in hard
X-ray regions (25 % for Fe Ko emission). Furthermore, as the
energy of the excitation photons is arbitrary, high-energy incident
X-rays having a long penetration length can be used.

The experiments for this study were conducted at beamline
BL11XU of SPring-8. The incident X-ray energy was set to 26
keV using a Si(111) double-crystal monochromator. The incident
polarization was linear and horizontal. The monochromatized X-
rays were focused onto the sample using a compound refractive
lens. The focal spot size was 6x8 um? (verticalxhorizontal). The
sample was a commercial GO electrical steel sheet of 300 pm
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Fig. 2 Magnetic domain images measured at an incident energy of 26 keV. The color scales indicate the observed flipping
ratio. The measurement geometries are also shown as insets. (a) Oin=90° and Oex = 70°. (b) Oin=70° and Oex= 90°.

(¢) 0= 50° and Oex= 110°.

thickness coated with a 3 um insulating layer, which was mounted
on an XZ stage to perform a raster scan. The only magnetic
element in the sample was Fe. Hence, the Fe Ko emission was
measured. The incident angle 8in and exit angle fex were measured
relative to the sample surface.

The characteristic X-rays divergently emitted from the
sample were converted into a well-collimated beam by a Montel
mirror, the center of which was positioned 200 mm downstream
of the sample, followed by a phase plate and a linear polarization
analyzer to evaluate the degree of circular polarization. The phase
plate was a 0.5-mm-thick single-crystal diamond plate and
operated near the 220 reflection, thereby functioning as a quarter-
wave plate to convert the right- and left-handed circularly
polarized X-rays into vertically linearly polarized X-rays by
introducing phase shifts of +n/2 and -n/2, respectively. The linear
polarization analyzer was a Ge (400) single crystal, which was
operated near the scattering angle of 26A=~90° such that the
vertically linear component of the X-rays was mainly reflected.
The X-ray detector was a silicon drift detector. Furthermore, the
linear polarization analyzer played the role of an energy analyzer.
The measurement energy was selected as 6.405 keV,
corresponding to the region of maximum circular polarization in
the emission spectrum.

The degree of circular polarization is equal to the flipping
ratio (I*-I)/(I'+I) [7], where I' and I denote the detected
intensities for phase shifts of +n/2 and -n/2}, respectively. Hence,
the magnetization of the emitting position projected onto the
emission direction was obtained by measuring the flipping ratio.
The flipping ratio was calculated at each sample position and
two-dimensional magnetization images were acquired by
scanning the sample with a 10 pm step using the XZ stage.

Magnetic domain images measured at an incident energy of
26 keV are shown in Fig. 2. The exit angles are 70°, 90°, and 110°
for Figs. 2(a), (b), and (c), respectively. Initially, Fig. 2(a) appears
to show only the bar and lancet domains. However, careful
examination of the domain image reveals that the regions
adjacent to the rightmost side of the lancet domains possess a
deeper color, indicating enhanced contrast for the magnetization
component perpendicular to the sheet plane. This tendency is
readily apparent in Fig. 2(b), where only the magnetization
component perpendicular to the sheet plane is observed.
Therefore, the spot-like domains observed in Fig. 2(b) should
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possess substantial magnetization perpendicular to the sheet
plane. Hence, the domains can be concluded as transverse
domains. Upon further increasing fex to 110° to obtain Fig. 2(c),
the red and blue contrast is reversed relative to that in Fig. 2(a),
while the color of the transverse domains remains unchanged.

Notably, the observed supplementary domains are neither
isolated supplementary domains, as shown on the left side of Fig.
1(b), nor successively connected supplementary domains,
referred to as lancet combs, as shown on the right side of Fig. 1(b).
A single lancet domain is evidently connected to several
transverse domains. The lancet domain at Z = ~-4.06 is connected
to a small transverse domain at Z = -4.1 and a large transverse
domain at Z = ~-4.06. In addition, the large domain appears to
consist of two mutually connected transverse domains. Similarly,
the transverse domain at Z = ~-4.68 comprises two transverse
domains (Z =-4.64 and -4.72). Thus, two or more supplementary
domains appear joined to afford the observed complicated
supplementary domain. Furthermore, the transverse domain at Z
=~-4.06 is elongated along one direction. The lancets join to form
combs when f is relatively large. Simultaneously, the transverse
domains are assumed to connect with each other in a line to afford
a plate. The observed elongated domain may be a short variation
of such a transverse plate.

In this study, the buried magnetic domains in a GO electrical
steel sheet are successfully visualized by XMCPE microscopy
using high-energy incident X-rays to enhance the bulk sensitivity.
The internal transverse domains are unambiguously and directly
observed. The shapes of the transverse domains are considerably
different from those expected, thus demonstrating the importance
of direct experimental observations.
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Theoretical study of the time-resolved magnetic
excitation in a photoexcited Mott insulator

TSUTSUI Kenji

Advanced Spectroscopy Research Group, Synchrotron Radiation Research Center

The ultrafast dynamics of strongly correlated electron
systems by photoirradiation are attracting significant attention.
The femtosecond pump-probe spectroscopy to correlated electron
systems can observe exotic photo-induced phase transitions
including a photo-induced insulator-to-metal transition. The
suppression of absorption spectral weights across the Mott gap
and the appearance of the weights inside the Mott gap in optical
conductivity are indications of a photo-induced insulator-to-
metal transition. In addition to the charge channel, the spin
channel can also produce characteristic changes. A decrease in
spectral weights in single-magnon dispersion by photoirradiation
has been observed in time-resolved resonant inelastic X-ray
scattering (trRIXS) on iridate antiferromagnetic Mott insulators
[1,2]. Time-resolved two-magnon Raman scattering (ttrTMR)
on an antiferromagnetic Mott insulator YBa>Cu3Oe.1 has shown a
decrease in spectral weight during the two-magnon excitation [3].
Such decreases are understood as an emergence of photoexcited
electronic states, which reduce the antiferromagnetic spin
correlation [4]. An arising question is whether low-energy
magnetic excitations below the magnon energy appear in the spin
channel. Moreover, trTMR experiments have reported an
increase in low-energy spectral weights below the two-magnon
energy for photo-irradiated YBa:Cu3Os.1 [3].  As photo-
irradiation of Mott insulators drastically changes the electronic
states observed in the charge channel, the spin channel is
expected to induce low-energy excitations below magnon
energies.

In this study, photo-induced low-energy magnetic
excitations below the single- and two-magnon energies in a
photoexcited Mott insulator on a square lattice are theoretically
examined [5,6]. Using a numerically exact-diagonalization
technique for a photoexcited half-filled Hubbard model on a
square lattice, low-energy magnetic excitations are found to be
induced by a pump pulse, whose intensity is maximized when the
frequency of the pulse is tuned to the absorption edge. By
analyzing low-energy magnetic excitation using point-group
symmetry for the square lattice, the photo-induced low-energy
signals are known to be predominantly created by photoexcited
states with £ presentation of the Cay point group at the absorption
edge. The proposed photo-induced magnetic excitations
provide one of the possible origins of low-energy weight in the
trTMR spectrum.

To describe Mott insulating states on a square lattice, a
single-band Hubbard Hamiltonian Ho is considered on a square
lattice at half filling including the nearest-neighbor () and on-
site Coulomb interaction (U) term.  Furthermore, U/t = 10 with
th ~ 0.35 eV are considered typical parameter values in cuprates.
Herein, m = 1 is used as an energy unit and 1/ as a time unit.
An external spatially homogeneous electric field, applied along
the x direction with the Peierls phase substitution in the hopping
terms leading to the time-dependent Hamiltonian H(?), is
incorporated. The vector potential A(f) = Aoexp[-(¢-t0)/(2td%)]
cos[wp(t-to)] is introduced in the phase, where a Gaussian-like
envelop centered at f has a temporal width #¢ and a central
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frequency wp. Additionally, 40=0.5, 70 =0, and ta = 0.5 are set.

For calculations of time-resolved spin excitation after
pumping, it is convenient to use the spectral representation of
dynamical correlation functions regarding |w(?)) as an initial state,
which is easily formulated for the system without time-dependent
terms in the Hamiltonian. Applying this formalism to a time
region after turning off the pump pulse, ¢ > fo, where the
Hamiltonian is time independent, the time-resolved dynamical
spin susceptibility S(q,w;f) with momentum q and frequency o,
and the trTMR susceptibility M(w;¢) are obtained [6,8].

First, the results of dynamical spin susceptibility, S(q,;?),
which can describe the photoinduced low energy magnetic
excitations below the single-magnon dispersion energy, are
discussed [5,6]. For a 4 x 4 lattice, q = (w,0) and (0,r), where
the energy of a single magnon is maximized. Figures la and b
show the pumping frequency @, dependence of S(q,m;t =4) at q
= (m,0) and (0,m), respectively. At a high pumping frequency @p
=20 > U, the peak intensity is larger and smaller than that before
pumping (dotted lines), as shown in Fig. la and b, respectively.
The gq-dependent intensity at a given ¢ is a consequence of the
antiphase oscillation of time-dependent spin structure factors in a
photoexcited Mott insulator on a square lattice [5,7,8]. With
decreasing wp, the peak intensity decreases and reaches a
minimum at ®p = 10, where the energy absorbed by pumping in
the system is the largest, leading to a reduction of the
antiferromagnetic spin correlation. With a further decrease in
p, the peak intensity increases.

At op = 6, which corresponds to the absorption peak energy
at the Mott-gap edge, a hump structure is observed at @ ~ 0.2
below the peak energy for q = (w,0) in Fig. 1a. The observation
is attributed to a photoinduced low-energy magnetic excitation.
Notably, the hump structure loses its weight away from wp = 6.
Moreover, no hump structure is observed at q = (0,n) in Fig. 1b.
Thus, the anisotropic hump structure is expected in the trRIXS of
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Fig. 1  Pumping frequency dependence of time-

resolved dynamical spin susceptibility after pumping for
the half-filled 4x4 Hubbard model. (a) Momentum q
= (m,0) and (b) (0,m) at t = 4. The dashed black lines
represent the results before pumping, whereas the
purple, red, black, and green solid lines represent the
results at wp =4, 6, 10, 14, and 20, respectively.
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Fig. 2 Symmetry decomposition of the time-resolved

dynamical spin susceptibility. (a) Momentum q = (=,0)
and (b) (0,m) with wp =6 at t=4. The blue, red and green
solid lines represent the contributions of 41, B, and E of
the Cav point group, respectively. The black solid lines
represent the sums of these contributions, which are the
same as the red lines in Fig. 1, respectively.

insulating cuprates and iridates on square lattices when a pump
pulse is tuned to a Mott-gap edge.

To understand the origin of the hump structure at @, = 6, S(q
= (n,0), ©; t = 4) is decomposed into several contributions [5,8].
The wave function |y(¢)) for ¢ > tor has three components
classified by irreducible representations, A1, Bi, and E, of the
square lattice with the Cay point group. Note that the 41 and B1
representations correspond to s and d(x>-y?) waves, respectively.
The E representation corresponds to a px wave and agrees with
optically allowed single-photon absorbed states created by an
electric field along the x direction. Figures 2a and b show the
three contributions to S(q = (1,0), ; ¢ = 4) and S(q = (0,n), ©; t =
4), respectively. The magnon peak at ® ~ 0.8 consists mainly of
the A1 component because of the dominant ground-state
contribution in the 41 state. However, for the hump structure
observed at ® ~ 0.2 in S(q = (n,0), ®; ¢) in Fig. 2a, the E
component has the largest contribution. Thus, this component
corresponds to the excitation from a single-photon absorbed state
at the Mott gap edge [6].

Figure 3a shows the @p dependence of time-resolved two-
magnon Raman susceptibility M(w; ¢ = 4). The peak-intensity
variation relative to @p is similar to that for the single-magnon
intensity shown in Fig. 1. When @, = 6, an enhancement in the
low-energy spectral weight, at ® ~ 0.4 is observed, which is
similar to the enhancement of the low-energy weight in S(q =
(m,0), o; £) shown in Fig. 1a, although its energy is nearly half of
® ~ 0.4. The similarity suggests the same origin for these
enhancements. To identify the symmetry components that
contribute to the enhancement in trTMR, the spectral weight is
decomposed into several components characterized by
irreducible representations, as shown in Fig. 3b.  Similar to S(q
= (n,0), ©; ?), the low-energy part of M(w; f) originates from the
E component, as shown in Fig. 3b. Then, the £ component and
those in S(q = (n,0), ©; #) are found to correspond to the magnetic
excitation from a single-photon absorbed state at the Mott-gap
edge [6]. Thus, this photo-induced excitation can explain the
increase of the low-energy spectral weight in the trTMR
experiment.

In summary, low-energy magnetic excitations below single-
and two-magnon energies in a photoexcited Mott insulator on a
square lattice have been discussed theoretically [5,6]. The
intensity of the low-energy magnetic excitations is maximized
when the frequency of the pulse is tuned to the absorption edge
and optically allowed states with the £ presentation of the Cay

56

Ha) o,=20 f =4 (b) =4
& ©,=6
— 5 ]
s A
S ]
D 4
E
B4 I I
0 1 2

o (t)

Fig. 3 Pumping frequency dependence of time-resolved
two-magnon Raman susceptibility after pumping and the
symmetry decomposition. Time r=4. (a)Dashed black
line represents the results before pumping. The purple,
red, black, blue, and green solid lines represent the results
with @p = 4, 6, 10, 14, 20, respectively. (b) Symmetry
decomposition of M(w; ¢t =4) with wp =6. The blue, red
and green solid lines represent the contributions of 41, B1,
and E of the Cay point group, respectively. The black solid
lines represent the sum of these contributions, which is the
same as the red line in Fig.3a.

point group are excited. = The photo-induced low-energy
magnetic excitations agree with the increase in the low-energy
spectral weight in the trTMR experiment. Thus, the theoretical
prediction can be confirmed when the pumping frequency is
varied in the trTMR and trRIXS experiments for insulating
cuprates and iridates.
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Research Activities at the Institute of
Quantum Life Science at KPSI

SHIKAZONO Naoya

Institute for Quantum Life Sciences

Quantum life science has emerged to explore new frontiers
in biology from the perspective of dynamics and functions of
cellular processes at the quantum level. The Institute for Quantum
Life Science at the National Institutes for Quantum Science and
Technology (QST) was established in April 2019 to pioneer a
new field in life sciences. Investigations at the Institute for
Quantum Life Science are expected to follow two approaches.
The first approach is to determine whether quantum mechanics
plays an essential role in biological systems. The second
approach is to apply quantum science and its technologies for
measuring physical and chemical parameters (such as
temperature, pressure, and pH) inside a cell at an unprecedented
minute level to gain information on the structure and dynamics of
biomolecules. Using the aforementioned two approaches, the
goal of the Institute for Quantum Life Science is to discover the
essential principles of life and apply the knowledge attained
during investigations to medical sciences and social activities
(Fig. 1). The field of quantum life science is envisaged to produce
unanticipated discoveries that can expose the existence of
quantum phenomena in nature, ultimately leading to their
exploitation, which is expected to benefit our society. At the
Kansai Institute for Photon Science, three research teams with the
Institute of Quantum Life Science are conducting research using
experiments and computer simulations (Fig. 1).

The Molecular Modeling and Simulation Team aims to
understand the in-vivo function of biomolecules at the atomic
level. The team uses computer simulations and bioinformatics
based on experimental results such as crystallographic and
scattering data obtained using various types of radiation (X-rays,
neutrons, and electrons) and cryo-electron microscopy. The main
objective of their study is to determine how the dynamics of
protein/DNA/RNA complexes relate to essential cellular
functions including transcription, translation, replication, and
repair. Currently, the team is attempting to quantitatively predict
the dynamics and stability of supramolecular complexes such as
chromosomes. Recently, the research team conducted
simulations to elucidate the overall structure of the circadian
clock complex, which produces an oscillation that repeats
roughly every 24 h and is considered to be the basis of rthythmic
cellular activities. The circadian clock in cyanobacteria has been
well characterized and is known to be constituted of three
proteins, KaiA, KaiB, and KaiC. These proteins undergo an
association—dissociation cycle coupled with the
phosphorylation—dephosphorylation oscillation of KaiC. During
the circadian cycle, the Kai-clock system generates three forms
of complex, two binary KaiAC and KaiBC complexes, and one
ternary KaiABC complex, at specific phases. The KaiABC
complex is known to be critical in switching from positive to
negative feedback in both KaiC phosphorylation and complex
formation cycles. However, the mechanism of the KaiABC
complex regulating the switching process is unknown. To gain
insights into this process, the team aimed to solve the overall
structure of the KaiABC complex. Previously, a cryo-electron
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microscopy (EM) study was conducted to determine the
supramolecular architecture of the complex, but it fell short of
determining the N-terminal domain of the KaiA protein. Using
the overall structural information of the circadian clock complex
in the solution provided by small-angle X-ray and neutron
scattering, the group attempted to elucidate the overall structure
with computational analysis. Computationally built 20 million
structural models of the complex were screened out, and
subsequently subjected to molecular dynamics simulations to
examine their stabilities. From the selected model, it was
suggested that, despite the large fluctuation of the KaiA N-
terminal domains, their preferential positionings mask the
hydrophobic surface of the KaiA C-terminal domains, which
hinder additional KaiA-KaiC interactions. The results provide
important insights into how the circadian complex proceeds along
the phases that generate the circadian rhythm.

The main goal of the DNA Damage Chemistry Team is to
clarify the nature of DNA damage induced by various agents,
particularly ionizing radiation. The team aims to utilize new
experimental techniques that can reveal the structure and/or
spatial distribution of DNA damage at the nanometer scale.
Currently, the team focuses on “clustered DNA damage,” in
which two or more DNA lesions are located within one to two
helical turns of DNA (within several nanometers of the DNA).
Repair of clustered DNA damage is considered to be challenging;
thus, it is potentially a detrimental type of damage induced by
ionizing radiation. However, its presence and microstructure
remain elusive, as few experimental methods have obtained data
on the spatial distribution of DNA lesions. The research team has
established a novel approach for detecting the level of DNA
damage localization through direct visualization. Atomic force
microscopy (AFM) has a resolution at the nanometer/sub-
nanometer scale; thus, DNA can be directly visualized. The team
labeled DNA damage (abasic sites) by attaching aldehyde
reactive probes with biotin to abasic sites and then attaching
streptavidin to biotin. The large molecular size of streptavidin
enabled the detection of the site of damage using AFM. Abasic
sites were directly induced or further revealed by removing the
damaged bases by DNA glycosylases after irradiation. Using the
proposed method, the complex nature of clustered DNA damage
was visualized. They found that various types of clustered DNA
damage were generated: clusters that contained two base lesions,
more than two base lesions, and double-strand breaks (DSBs) that
accompanied base lesions. They further verified that the repair of
clustered DNA damage was compromised. X-ray-induced
clusters with more than two base lesions could be repaired, but
the repair rate was slightly lower than that of other types of
clustered DNA damage and was significantly lower than that of
isolated base damage. Fe-ion-induced clusters with base damages
could also be repaired, but their repair rates were lower than those
with isolated base damage. The repair of Fe-ion-induced DSBs
with base damage was markedly retarded. Surprisingly, the
number of DSBs increased after 1 h of incubation, following
which they decreased slowly. The research team further
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developed a promising method to detect clustered DNA damage
using fluorescence resonance energy transfer (FRET). In this
method, aldehyde/ketone moieties such as those at the abasic sites
in irradiated DNA were labeled by aminooxyl fluorophores.
Fluorescence anisotropy facilitated the estimation of the apparent
base-pair separations between lesions in a cluster produced by an
ion track and revealed that clustered abasic sites were generated
by ionizing radiation [1]. They detected clustered lesions in DNA
that were irradiated under cell mimetic radical-scavenging
conditions. A detailed description is provided in the following
report. Both AFM and FRET approaches confirmed that these
novel analyses had the potential to discover qualitative and
quantitative differences in clustered DNA damage produced by
various types of ionizing radiation.

The Mechanism of Mutagenesis Team aims to elucidate the
underlying mechanisms causing mutations, which are highly
relevant to carcinogenesis and the evolution of life. One aspect of
the team’s research focuses on events at very early stages (around
a femtosecond to picosecond), within a space in the scale of
nanometers, after energy transfer from ionizing radiation,
particularly ion particles. Using Monte Carlo simulations, the
research team demonstrated that when water was exposed to
densely ionizing ion particles, some of the secondary electrons
ejected from the water molecules were trapped within the electric
potential created by the ionized water molecules. The result led
to the realization that the radial dose near the track of a densely
ionizing ion particle was much higher than that previously
considered. The highly localized energy deposition is likely to
produce a high yield of clustered DNA damage and thus, has
important implications regarding the drastic effect of ion particles
on cells. Another study that interests the team focuses on whether
proton transfer, or more specifically proton tunneling, has a role
in mutagenesis. A hypothesis that proton transfer may play an
important role in mutagenesis was proposed more than 70 years
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ago. Lowdin took it a step further that the transfer could occur via
a quantum effect, which is known as proton tunneling. To study
the importance of proton transfer in mutagenesis, the team took
an approach to substitute hydrogens with deuteriums in cells.
Although the chemical properties of hydrogens and deuteriums
are similar, deuterium has a proton and a neutron in the nucleus,
and the mass is as twice as large compared with hydrogen. This
difference often leads to a change in reaction rates between
substrates that contain hydrogens and that contain deuteriums.
The team has found that substituting hydrogen with deuteriums
slows down the initial growth of bacterial cultures. Interestingly,
they observed an increase in mutation frequency when
deuteriums are present. The reason why mutagenesis is
stimulated by the presence of deuteriums is currently unknown.
The team is now examining the mutation frequency at the DNA
level with the DNA synthesized in vitro.

Quantum life science is related to the interactions between
dynamical phenomena at extremely short time scales and minute
length scales; from atto to femtosecond energy transfer processes
at the (sub)nanometer scale. Over the long term, the field of
quantum life science is expected to produce unparalleled
discoveries based on the significance of quantum phenomena in
biological systems. To achieve such goals, the research of the
three teams of the Institute of Quantum Life Sciences at KPSI is
ongoing.
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Quantification and proximity estimation of
ionizing radiation-induced DNA damage using
fluorescence spectroscopy

AKAMATSU Ken

DNA Damage Chemistry Team, Institute for Quantum Life Science

A clustered DNA damage site (cluster), where two or more
lesions exist within a few helical turns, is believed to be a key
factor in determining the fate of a living cell exposed to a DNA-
damaging agent including ionizing radiation. However, the
structural details of clusters, such as the number of included
lesions and their proximity, are unknown. In this study, a method
is developed to characterize clusters by fluorescence anisotropy
measurements based on Forster resonance energy transfer (homo-
FRET) (Fig. 1).

FRET has been used in molecular and cell biology to
investigate the interaction between biomolecules as a “nanometer
ruler”. Furthermore, FRET is applied to visualize clusters in
living cells. There are generally two categories of FRET: hetero-
FRET and homo-FRET. Hetero- and homo-FRET can evaluate
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Fig. 1. Strategy for estimating the localization of DNA
lesions using FRET. D and A are “donor” and
“acceptor” fluorescent probes, respectively. When D
and A are the same, the FRET is referred to as “homo-
FRET”. When D and A are different, it is referred to
as “hetero-FRET”.
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the energy transfer phenomena between structurally different
molecules (a “donor” — “acceptor” (D-A) pair) and the same dye
molecules, respectively.

In our previous report, the hetero-FRET method is known to
estimate the localization of abasic sites (APs) by fluorescence
spectroscopy of a labeled plasmid sample solution [1,2]. However,
the sensitivity is insufficient, in principle, particularly because all
the clustered APs cannot be labeled with a D—A4 pair (such as a
clustered AP labeled with a D—D or A—A pair is not detected as a
cluster). Homo-FRET is attempted to compensate for the
aforementioned disadvantage [3], as the homo-FRET method is
better suited than hetero-FRET due to its sensitivity and simple
experimental protocol. However, the efficiency of the method
should be estimated by fluorescence anisotropy as the
fluorescence intensities with and without FRET for a given
emission wavelength are equal. The homo-FRET method has
been applied to estimate AP localization in a plasmid DNA
irradiated with helium and carbon ion beams in a solid state [4].
The study reveals that the possibility of cluster formation
increases with linear energy transfer (LET). This study
demonstrates the homo-FRET (fluorescence anisotropy) results
of DNA irradiated by helium, carbon, neon, argon ion beams (i.e.,
4He?", 12C6*, 20Ne¥*, 49Ar13*), and ©°Co y-rays in water and in 0.2
M Tris-HCI (pH 7.5), which has a radical scavenging capacity
similar to that in a cell nucleus [5]. The radiations enable the
study of LET dependence of DNA damage spectra, ranging from
LET of 10! to 103 keV/um.

Figure 2 shows the average AP density (number of APs per
base pair) as a function of fluence (particles/cm?). These results
indicate that the dose-response in almost linear for all radiation
sources and that the AP densities without the buffer were almost
one order of magnitude larger than those with the buffer for each
radiation source. This finding suggests that free radicals such as
hydroxyl radical (*OH), hydrogen radical (*H), and hydrated
electrons, that cause AP generation, are scavenged by Tris.
Moreover, interestingly, the AP density ratio of Tris to water for
Ne and Ar seems to be smaller than those for the other radiations.
This implies that the high-LET sources are likely to ionize DNA
molecules directly. Therefore, the chemical structures of the
lesions formed by a high-LET source could be different from
those of a low-LET one.

Figure 3 shows fluorescence anisotropy of irradiated DNA
in water and Tris for the various radiations as a function of AP
density. Regardless of the presence or absence of the Tris buffer,
the anisotropy values generally decrease with increasing AP
density. The decrease results from a sequentially- produced
cluster due to overlapping two or more radiation tracks. It is noted
that the values for all the radiations are significantly lower than
those for heat-in-acid treated DNA with randomly- distributed
APs, implying that low-energy electrons likely induce the clusters.
Another possible reason for the difference may be the difference
in the chemical structure of damaged sites such as an AP. Due to
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the heat incubation, DNA is known to be depurinated by
hydrolysis to produce a typical AP, with an aldehyde moiety at
C1’ of the sugar. In contrast, irradiation to the DNA solutions
would produce a variety of electrophilic carbonyl groups that are
reactive with an aminooxyl fluorescent dye used as well as the
typical AP. Furthermore, interestingly, no LET dependence of the
anisotropy was found in the case of irradiation in water, whereas
the anisotropy seems to slightly decrease with the increase of LET.
This finding demonstrates that direct energy transfer from the
radiation to DNA molecule causes a cluster DNA damage
formation by a single radiation track.

Acknowledgments

The author thanks Drs. Naoya Shikazono, Katsuya Satoh, and
Takeshi Saito for supporting the overall experiments and y-
irradiation at the Institute for Integrated Radiation and Nuclear
Science, Kyoto University. This work was supported by Grants-
in-Aid for Scientific Research (for Scientific Research (C):
16K00551) from the Ministry of Education, Culture, Sports,
Science, and Technology of Japan.

References

1. Akamatsu K, Shikazono N. A methodology for estimating
localization of apurinic/apyrimidinic sites in DNA using
fluorescence Resonance Energy Transfer. Anal. Biochem.
2013;433:171-180.

2. Akamatsu K, Shikazono N, Saito T. Localization estimation
of ionizing radiation-induced abasic sites in DNA in the
solid state using fluorescence Resonance Energy Transfer.
Radiat. Res. 2015;183:105-113.

3. Akamatsu K, Shikazono N, Saito T. New method for
estimating clustering of DNA lesions induced by physical/
chemical mutagens using fluorescence anisotropy. Anal.
Biochem. 2017;536:78-89.

4. Akamatsu K, Shikazono N, Saito T. Fluorescence anisotropy
study of radiation-induced DNA damage clustering based on
FRET. Anal. Bioanal. Chem. 2021;413:1185-1192.

5. Akamatsu K, Satoh, K., Shikazono N, Saito T. Proximity
estimation of ionizing radiation- induced DNA lesions in
aqueous media using fluorescence spectroscopy. Radiat. Res.
2024;201:150-159.



61



Publication Lists



Original Papers
1. Weakened Oxygen Adsorbing the Pt—0 Bond of the Pt Catalyst Induced by Vacancy

Introduction into Carbon Support.

Okazaki Hiroyuki, Idesaki Akira, Koshikawa Hiroshi, Ikeda Takashi, Yamamoto Shunya,
Yamaki Tetsuya, Daiju Matsumura, The Journal of Physical Chemistry C, 127(49), 23628 -
23633, 2023, DOI:10.1021/acs.jpcc.3c04117

2. Design of soft x-ray varied-line-spacing (VLS) high-dispersion laminar-type grating
coated with super-mirror-type (SMT) multilayer for flat-field spectrograph in a region
of 2-4 keV.

Koike Masato, Hatano Tadashi, Alexander Pirozhkov, Ueno Yoshio, Terauchi Masami,
Review of Scientific Instruments, 95, 023102, 2024, DOI1:10.1063/5.0173068

3. Laminar-type gratings overcoated with carbon-based materials to enhance analytical
sensitivity of flat-field emission spectrograph in the VUV region.

T. Murano, S. Koshiya, M. Koike, T. Hatano, A. Pirozhkov, T. Kakio, N. Hayashi, Y. Ohue,
K. Konishi, T. Nagano, K. Kondo, M.Terauchi, Review of Scientific Instruments, 94(12),
125113, 2023, DOI:10.1063/5.0176783

4. ARRTICB T S RERERBOEBASTAE.

BkH &, FEE &h, Bl »#ED, EED f2iA, Ef B, [ X, &R X, EEICHEIZES, 12(1),
17 - 26, 2024, DOI:10.12792/jjiiae.12.1.17

5. Spectral stability of a synchronously pumped optical parametric oscillator with a
spatially dispersed beam.

Keisuke Nagashima, Nobuhisa Ishii, Ryuji Itakura, Journal of the Optical Society of
America B, 41(4), 936 - 942, 2024, DOI:10.1364/J0SAB.515148

6. Unsolved problem of long-range interactions: Dipolar spin-ice study.

Yonetani Yoshiteru, Journal of Physics: Condensed Matter, 36, 175401, 2024,
DOI:10.1088/1361-648X/ad1cab

7. Joint measurement of electron density, temperature, and emission spectrum of
Nd:YAG laser-produced tin plasma.

Yiming Pan, Kentaro Tomita, Atsushi Sunahara, Akira Sasaki, Katsunobu Nishihara,
Applied Physics Letters 123, 204103, 2023, DOI:10.1063/5.0174185

8. Spectral Shift and Split of Harmonic Lines in Propagation Affected High Harmonic
Generation in a Long-Interaction Gas Tube.

Jozsef Seres, Enikoe Seres, Carles Serrat, Thanhhung Dinh, Hasegawa Noboru, Ishino
Masahiko, Nishikino Masaharu, Shinichi Namba, Atoms, 11(12), 150-1 - 10, 2023,
DOI:10.3390/atoms11120150

9. =/0O-¥/0O0>ZalL—>3>h583L—F—NI.
ZED B(Z, REEHEZE, 66(10), 587 - 592, 2023, DOI:10.1380/vss.66.587

10. KOEMRFZER DR X WERERABREERRNANL/ISA MDY D8R ZRIET DIchDFELH
1Y FIEDLL—YF—FRF.

B B, Bl #kF, kB £, 88 825, 8 B, L—Y 3%, 52(2), 84 - 88, 2024

11. Sub-nanometer scale depth patterning on Sapphire crystal by femtosecond soft x-
ray laser pulse irradiation.

63



Mikami Kazuhiro, Ishino Masahiko, Motoyama Hiroto, Thanhhung Dinh, Yokomae Shunya,
Yamaguchi Gota, Egawa Satoru, Sakaue Kazuyuki, Mimura Hidekazu, Higashiguchi
Takeshi, Kubota Yuya, Owada Shigeki, Iwasaki Atsushi, Inubushi Yuichi, Nishikino
Masaharu, Optics Letters, 48(19), 5041 - 5044, 2023, DOI:10.1364/0L.501589

12. Induction heating for desorption of surface contamination for high-repetition laser-
driven carbon-ion acceleration.

Sadaoki Kojima, Tatsuhiko Miyatake, Hironao Sakaki, Hiroyoshi Kuroki, Yusuke Shimizu,
Hisanori Harada, Norihiro Inoue, Thanhhung Dinh, Hata Masayasu, Hasegawa Noboru,
Mori Michiaki, Ishino Masahiko, Nishiuchi Mamiko, Kondo Kotaro, Nishikino Masaharu,
Kando Masaki, Shirai Toshiyuki, Kondo Kiminori, Matter and Radiation at Extremes, 8,
054002, 2023, DOI:10.1063/5.0153578

13. Damage threshold of LiF crystal irradiated by femtosecond hard XFEL pulse
sequence.

Sergey Makarov, Sergey Grigoryev, Nail Inogamov, Evgny Filippov, Tatiana Pikuz,
Norimasa Ozaki, Ishino Masahiko, Nishikino Masaharu, Thanhhung Dinh, Kawachi Tetsuya,
Maxim Zanaveskin, Mikako Makita, Motoaki Nakatsutsumi, Thomas R. Preston, Karen
Appel, Zuzana Konopkova, Valerio Cerantola, Erik Brambrink, Jan-Patrik Schwinkendorf,
Istvan Mohacsi, Vojtech Vozda, Vera Hajkova, Tomas Burian, Jaromir Chalupsky, Libor
Juha, Vasily Zhakhovsky, Ulf Zastrau, Sergey Pikuz, Optics Express, 31(16), 26383 -
26397, 2023, DOI:10.1364/0E.486868

14. Observation of peripheral airways using ultra-thin fiberscope.

Tomonari Kinoshita, Hideki Terai, Shinnosuke Ikemura, Nao Takada, Takahiro Fukui,
Hidehiro Irie, Raita Miyazawa, Yohei Funatsu, Teppei Okamura, Hidefumi Koh, Tatsuya
Yamamoto, Risa Shigematsu, Keiko Ohgino, Oka Kiyoshi, Respirology, 28, 881 - 884,
2023, DOI:10.1111/resp.14547

15. Mixing time of homogeneous/heterogeneous solutions in a micro-mixer with free
impinging jets.

Tomoyuki Endo, Ryuji Itakura, Bulletin of the Chemical Society of Japan, 97(2), uoad021,
2023, DOI:10.1093/bulcsj/uoad021

16. Optimum design of double-layer target for proton acceleration by ultrahigh intense
femtosecond lasers considering relativistic rising edge.

Hata Masayasu, Sano Takayoshi, Iwata Natsumi, Sentoku Yasuhiko, Physical Review E,
108(3), 035205-1 - 035205-8, 2023, DOI:10.1103/PhysRevE.108.035205

17. Subcycle control of valley-selective excitation via dynamical Franz-Keldysh effect in
WSe, monolayer.

Shunsuke Yamada, Kazuhiro Yabana, Tomohito Otobe, Physical Review B, 108(3),
035404, 2023, DOI:10.1103/PhysRevB.108.035404

18. Evaluation of a therapeutic carbon beam using a G2000 glass scintillator.

Akihito Yokoyama, Wataru Kada, Makoto Sakai, Kenta Miura, Osamu Hanaizumi, Applied
Radiation and Isotopes, 196, 110753, 2023, DOI:10.1016/j.apradiso0.2023.110753

19. Enhancement of valley selective excitation by a linearly polarized two-color laser
pulse.

Arqum Hashmi, Shunsuke Yamada, Kazuhiro Yabana, Tomohito Otobe, Physical Review B,
107(23), 235403-1 - 9, 2023, DOI1:10.1103/PhysRevB.107.235403

20. Thickness dependence of laser damage in silicon thin films.

64



Prachi Venkat, Tomohito Otobe, Journal of Laser Micro/Nanoengineering, 18(3), 196 -
201, 2023, DOI:10.2961/jlmn.2023.03.2013

21. Orientation-angle-resolved photoelectron angular distribution in dissociative
ionization of methanol induced by an intense ultraviolet laser pulse.

Shinichi Fukahori, Tomohito Otobe, Hiroshi Akagi, Kaoru Yamanouchi, Ryuji Itakura,
Physical Review A, 107(5), 053118, 2023, DOI:10.1103/PhysRevA.107.053118

22. Full characterization of few-cycle superradiant pulses generated from a free-
electron laser oscillator.

Heishun Zen, Hideaki Ohgaki, Hajima Ryoichi, Scientific Reports, 13, 6350, 2023,
DO0I:10.1038/s41598-023-33550-z

23. Nonlinear Compression of Naturally Down-Chirped Superradiance Pulses from a
Free-Electron Laser Oscillator by Thick Germanium Plates.

Heishun Zen, Hajima Ryoichi, Hideaki Ohgaki, Optics Express, 31(24), 40928 - 40936,
2023, DOI:10.1364/0E.503090

24, Laser output performance and temporal quality enhancement at the J-KAREN-P
petawatt laser facility.

Hiromitsu Kiriyama, Yasuhiro Miyasaka, Akira Kon, Mamiko Nishiuchi, Akito Sagisaka,
Hajime Sasao, Alexander S. Pirozhkov, Yuji Fukuda, Koichi Ogura, Kotaro Kondo, Nobuhiko
Nakanii, Yuji Mashiba, Nicholas P. Dover, Liu Chang, Masaki Kando, Stefan Bock, Tim
Ziegler, Thomas Puschel, Hans-Peter Schlenvoigt, Karl Zeil, Ulrich Schramm, Photonics,
10(9), 997, 2023, DOI:10.3390/photonics10090997

25. Metrology for sub-Rayleigh-length target positioning in ~10%?> W/cm? laser-plasma
experiments.

E. A. Vishnyakov, A. Sagisaka, K. Ogura, T. Zh. Esirkepov, B. Gonzalez Izquierdo, C.
Armstrong, T. A. Pikuz, S. A. Pikuz, W. Yan, T. M. Jeong, S. Singh, P. Hadjisolomou, O.
Finke, G. M. Grittani, M. Nevrkla, C. M. Lazzarini, A. Velyhan, T. Hayakawa, Y. Fukuda, J.
K. Koga, M. Ishino, Ko. Kondo, Y. Miyasaka, A. Kon, M. Nishikino, Y. V. Nosach, D.
Khikhlukha, I. P. Tsygvintsev, D. Kumar, J. Nejdl, D. Margarone, P. V. Sasorov, S. Weber,
M. Kando, H. Kiriyama, Y. Kato, G. Korn, K. Kondo, S. V. Bulanov, T. Kawachi, A. S.
Pirozhkov, High Power Laser Science and Engineering, 2024, DOI1:10.1017/hpl.2024.11

26. EMAREMRLEE CR-39 [CHERESN3BFREEBFROIY FEY MR

EH BB, HL T8, BlF IGIR%R, 8K X, Ailll 8, &t 8, ILAN At, 80 #Hi(Z, S5 B
Ea, ESI-NEWS, 42, 1 - 7, 2024

27. Automation of etch pit analyses on solid-state nuclear track detectors with machine
learning for laser-driven ion acceleration.

Tomoya Taguchi, Takumi Minami, Takamasa Hihara, Fuka Nikaido, Takafumi Asai, Kentaro
Sakai, Yuki Abe, Akifumi Yogo, Yasunobu Arikawa, Hideki Kohri, Atsushi Tokiyasu, Che-
Men Chu, Wei-Yen Woon, Satoshi Kodaira, Makoto Kanasaki, Yuji Fukuda, Yasuhiro
Kuramitsu, Review of Scientific Instruments, 95(3), 3301-1 - 8, 2024,
DO0I:10.1063/5.0172202

28. The Role of Collision Ionization of K-Shell Ions in Nonequilibrium Plasmas Produced
by the Action of Super Strong, Ultrashort PW-Class Laser Pulses on Micron-Scale Argon
Clusters with Intensity up to 5 x 102! W/cm?.

Igor Yu. Skobelev, Sergey N. Ryazantsev, Roman K. Kulikov, Maksim V. Sedov, Evgeny D.
Filippov, Sergey A. Pikuz, Takafumi Asai, Masato Kanasaki, Tomoya Yamauchi, Satoshi
Jinno, Masato Ota, Syunsuke Egashira, Kentaro Sakai, Takumi Minami, Yuki Abe, Atsushi
Tokiyasu, Hideki Kohri, Yasuhiro Kuramitsu, Youichi Sakawa, Yasuhiro Miyasaka, Kotaro

65



Kondo, Akira Kon, Akito Sagisaka, Koichi Ogura, Alexander S. Pirozhkov, Masaki Kando,
Hiromitsu Kiriyama, Tatiana A. Pikuz, Yuji Fukuda, Photonics, 10, 1250, 2023,
DO0I:10.3390/photonics10111250

29. Luminal Mirror.

Esirkepov Timur, Sergey Bulanov, Physical Review E, 109(2), L023202-1 - 4, 2024,
DOI:10.1103/PhysRevE.109.L023202

30. X-ray free electron laser observation of ultrafast lattice behaviour under
femtosecond laser-driven shock compression in iron.

Sano Tomokazu, Matsuda Tomoki, Hirose Akio, Ohta Mitsuru, Terai Tomoyuki, Kakeshita
Tomoyuki, Inubushi Yuichi, Sato Takahiro, Miyanishi Kohei, Yabashi Makina, Togashi
Tadashi, Tono Kensuke, Sakata Osami, Tange Yoshinori, Arakawa Kazuto, Ito Yusuke,
Okuchi Takuo, Sato Tomoko, Sekine Toshimori, Mashimo Tsutomu, Nakanii Nobuhiko,
Seto Yusuke, Shigeta Masaya, Shobu Takahisa, Sano Yuji, Hosokai Tomonao, Matsuoka
Takeshi, Yabuuchi Toshinori, Tanaka A. Kazuo, Ozaki Norimasa, Kodama Ryosuke,
Scientific Reports, 13, 13796-1 - 10, 2023, DOI:10.1038/s41598-023-40283-6

31. Focusing characteristic change and processing characteristic evaluation of
femtosecond-to-picosecond pulse lasers above the air ionization threshold.

Nishibata Itsuki, Nakanii Nobuhiko, Sano Tomokazu, Optics Continuum, 2(7), 1735 -
1751, 2023, DOI:/10.1364/0OPTCON.496411

32. Numerical studies of femtosecond electro-optical spatial decoding on the transition
radiation from laser wakefield accelerated electron bunches.

Kai Huang, Zhan Jin, Nakanii Nobuhiko, Hosokai Tomonao, Kando Masaki, Physical Review
Accelerators and Beams, 26(11), 112801, 2023,
DOI:10.1103/PhysRevAccelBeams.26.112801

33. Design of soft X-ray laminar-type gratings coated with supermirror-type multilayer
to enhance diffraction efficiency in a region of 2-4 keV.

Masato Koike, T Hatano, Alexander Pirozhkov, Yoshihiro Ueno, Masami Terauchi, Review
of Scientific Instruments, 94(4), 045109-1 - 045109-5, 2023, DOI:10.1063/5.0148908

34. Half-life of the nuclear cosmochronometer 176Lu measured with a windowless 4n
solid angle scintillation detector.

Takehito Hayakawa, Toshiyuki Shizuma, Tsuyoshi lizuka, Communications Physics, 6, 299,
2023, DOI:10.1038/s42005-023-01406-7

35. Development of a time-gated epithermal neutron spectrometer for resonance
absorption measurements driven by a high-intensity laser.

Zechen Lan, Yasunobu Arikawa, Yuki Abe, S. Reza Mirfayzi, Alessio Morace, Takehito
Hayakawa, Tianyun Wei, Akifumi Yogo, Quantum beam science, 8(9), qubs8010009,
2024, DOI:10.3390/qubs8010009

36. Advances in laser-driven neutron sources and applications.

A. Yogo, Y. Arikawa, Y. Abe, S. R. Mirfayzi, T. Hayakawa, K. Mima, R. Kodama, The
European Physical Journal A, 59, 191, 2023, DOI:10.1140/epja/s10050-023-01083-8

37. Application of the spectral determination method to liquid scintillation spectra.

Masumi Oshima, Jun Goto, Takehito Hayakawa, Hirofumi Shinohara, Katsuyuki Suzuki,
Yuichi Sano, Masato Asai, Journal of Nuclear Science and Technology, 2023,
DOI:10.1080/00223131.2023.2282552

66



38. Photon Vortex Generation by Synchrotron Radiation Experiments in Relativistic
Quantum Approach.

Tomoyuki Maruyama, Hayakawa Takehito, Hajima Ryoichi, Toshitaka Kajino, Myung-Ki
Cheoun, Physical Review Research, 5, 043289, 2023,
DOI:10.1103/PhysRevResearch.5.043289

39. Feasibility study of laser-driven neutron sources for pharmaceutical applications.

Takato Mori, Akifumi Yogo, Yasunobu Arikawa, Takehito Hayakawa, Seyed R. Mirfayzi,
Zechen Lan, Tianyun Wei, Yuki Abe, Mitsuo Nakai, Kunioki Mima, Hiroaki Nishimura,
Shinsuke Fujioka, Ryosuke Kodama, High Power Laser Science and Engineering, 11, €20,
2023, DOI:10.1017/hpl.2023.4

40. Measurement of the spatial polarization distribution of circularly polarized gamma
rays produced by inverse Compton scattering.

Yoshitaka Taira, Shunsuke Endo, Shiori Kawamura, Taro Nambu, Mao Okuizumi, Toshiyuki
Shizuma, Mohamed Omer, Heishun Zen, Yasuaki Okano, Masaaki Kitaguchi, Physical
Review A, 107, 063503, 2023, DOI: 10.1103/PhysRevA.107.063503

41. Generation of flat-laser Compton scattering y-ray beam.

Hideaki Ohgaki, Khaled Ali, Toshiteru Kii, Heishun Zen, Takehito Hayakawa, Toshiyuki
Shizuma, Masaki Fujimoto, Yoshitaka Taira, Physical Review Accelerators and Beams, 26,
093402, 2023, DOI:10.1103/PhysRevAccelBeams.26.093402

42. Parity Assignment for Low-lying Dipole States in >2Ni.

T. Shizuma, M. Omer, T. Hayakawa, F. Minato, S. Matsuba, S. Miyamoto, N. Shimizu, Y.
Utsuno, Physical Review C, 109, 014302, 2024, DOI:10.1103/PhysRevC.109.014302

43. High-intensity single-pulse extraction using a laser-activated GaAs reflective switch
for a terahertz free-electron laser.

Kawase Keigo, Goro Isoyama, Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 1056,
168618, 2023, DOI:10.1016/j.nima.2023.168618

44, An X-ray and neutron scattering study of aqueous MgCl, solution in the gigapascal
pressure range.

Yamaguchi Toshio, Fukuyama Nami, Yoshida Koji, Katayama Yoshinori, Machida Shin-ichi,
Hattori Takanori, Ligiuds, 3(3), 288 - 302, 2023, DOI:10.3390/liquids3030019

45. Temperature dependence of liquid-gallium ordering on the surface of epitaxially
grown GaN.

Takuo Sasaki, Takuya Iwata, Kanya Sugitani, Takahiro Kawamura, Tohru Akiyama,
Masamitsu Takahashi, Applied Physics Express, 17(2), 025502, 2024,
DO0I:10.35848/1882-0786/ad237b

46. Real-time observation of liquid-gallium ordering on epitaxially-grown GaN(0001)
by X-ray scattering measurements.

Takuo Sasaki, Takuya Iwata, Kanya Sugitani, Masamitu Takahasi, Japanese Journal of
Applied Physics, 63(2), 020901, 2024, DOI:10.35848/1347-4065/ad1f08

47. Temperature-gradient investigation of phase transitions in ferroelectrics using
cooling and heating stage.

Shinya Tsukada, Akari Kanagawa, Kenji Ohwada, Japanese Journal of Applied Physics,
62(10), 106501, 2023, DOI:10.35848/1347-4065/acfo08

67



48. Lattice strain visualization inside a 400 nm single grain of BaTiOs in polycrystalline
ceramics by Bragg coherent X-ray diffraction imaging.

Norihiro Oshime, Kenji Ohwada, Akihiko Machida, Nagise Fukushima, Kosuke Shirakawa,
Shintaro Ueno, Ichiro Fujii, Satoshi Wada, Kento Sugawara, Ayumu Shimada, Tetsuro
Ueno, Tetsu Watanuki, Kenji Ishii, Hidenori Toyokawa, Koichi Momma, Sangwook Kim,
Shinya Tsukada, Yoshihiro Kuroiwa, Japanese Journal of Applied Physics, 62(SM),
SM1022, 2023, DOI:10.35848/1347-4065/ace832

49. Direct momentum imaging of charge transfer following site-selective ionization.

Felix Allum, Yoshiaki Kumagai, Kiyonobu Nagaya, James Harries, Hiroshi Iwayama,
Mathew Britton, Philip H Bucksbaum, Michael Burt, Mark Brouard, Briony Downes-Ward,
Taran Driver, David Heathcote, Paul Hockett, Andrew Howard, Jason W L Lee, Yusong Liu,
Edwin Kukk, Joseph W McManus, Denis Milesevic, Akinobu Niozu, Johannes Niskanen,
Andrew J Orr-Ewing, Shigeki Owada, Patrick A Robertson, Artem Rudenko, Kiyoshi Ueda,
James Unwin, Claire Vallance, Tiffany Walmsley, Russell S Minns, Daniel Rolles, Michael R
Ahsfold, Physical Review A, 108, 043113, 2023, DOI:10.1103/PhysRevA.108.043113

50. Polarization behavior in a compositionally graded relaxor-ferroelectric crystal
visualized by angle-resolved polarized Raman mapping.

Shinya Tsukada, Yasuhiro Fujii, Akari Kanagawa, Yukikuni Akishige, Kenji Ohwada,
Communications Physics, 6, 107, 2023, DOI:10.1038/s42005-023-01219-8

51. Phase transformation and equation of state in Ti-45Al alloy under high pressure.

Xi Li, Ruixiang Zhu, Jinghua Xin, Minsi Luo, Shun-Li Shang, Zi-Kui Liu, Chongshan Yin,
Ken-Ichi Funakoshi, Rian Johannes Dippenaar, Yuji Higo, Shiro Ayumi, Mark Reid, Shobu
Takahisa, Koichi Akita, Wei-Bing Zhang, Klaus-Dieter Liss, Calphad, 84, 102641, 2024,
DO0I:10.1016/j.calphad.2023.102641

52. Revisiting first principles van der Waals corrections based on maximally localized
Wannier functions.

Ikeda Takashi, Chemical Physics Letters, 839, 141134, 2024,
DOI:10.1016/j.cplett.2024.141134

53. Characteristic microstructural phase evolution and the compressive strength
development mechanisms of tricalcium silicate pastes under various initial carbonation
curing environments.

Seongmin Cho, Heongwon Suh, Sumin Im, Gyeongryul Kim, Manabu Kanematsu, Satoshi
Morooka, Akihiko Machida, Takahisa Shobu, Sungchul Bae, Construction and Building
Materials, 409(15), 133866, 2023, DOI:10.1016/j.conbuildmat.2023.133866

54, In situ Ga K-edge XANES study of Ga-exchanged zeolites at high temperatures
under different atmospheres including vacuum, CO, and pressurized H,.

Mengwen Huang, Tetsuya Kinjo, Shunsaku Yasumura, Takashi Toyao, Daiju Matsumura,
Hiroyuki Saitoh, Ken-ichi Shimizu, Norikazu Namiki, Zen Maeno, Catalysis Science &
Technology, 13, 6832, 2023, DOI1:10.1039/d3cy01250f

55. Impact of interatomic structural characteristics of aluminosilicate hydrate on the
mechanical properties of metakaolin-based geopolymer.

Gyeongryul Kim, Seongmin Cho, Sumin Im, Heongwon Suh, Satoshi Morooka, Takahisa
Shobu, Manabu Kanematsu, Aikihiko Machida, Sungchul Bae, Construction and Building
Materials, 411, 134529, 2023, DOI:10.1016/j.conbuildmat.2023.134529

56. Critical role of initial multi-phase microstructure on the phase transformations
during hydrogenation in Fe-Mo alloy system.

68



Rama Srinivas Varanasi, Motomichi Koyama, Reina Utsumi, Hiroyuki Saitoh, Toyoto Sato,
Shin-ichi Orimo, Eiji Akiyama, International Journal of Hydrogen Energy, 50, 1418 - 1434,
2023, DOI:10.1016/j.ijhydene.2023.09.268

57. Stability and Metastability of LisYClg and LizHoOCle.

Hiroaki Ito, Yuki Nakahira, Naoki Ishimatsu, Yosuki Goto, Aichi Yamashita, Yoshikazu
Mizuguchi, Chikako Moriyoshi, Takashi Toyao, Kenichi Shimizu, Hiroshi Oike, Masanori
Enoki, Nataly Carolina Rosero-Navarro, Akira Miura, Kiyoharu Tadanaga, Bulletin of the
Chemical Society of Japan, 96(11), 1262 - 1268, 2024, DOI:10.1246/bcsj.20230132

58. A Mn ffi& TRIP BINA ZF 1 v O I I 51 NADIES, BEVTHNDEES ERBA—RTFA
rDRIVT YA MEEES).

b B2, /Il o8, B&H =55, B FiF, 210 B, I 863, E58 A, 5k B2, BRE DS, X
I 2=, 2 &%, 110(3), 227 - 240, 2024, DOI:10.2355/tetsutohagane. TETSU-2023-062

59. Absence of T.-Pinning Phenomenon Under High Pressure in High-Entropy
REO, 5Fy 5BiS, Layered Superconductor.

Yoshikazu Mizuguchi, Kazuki Yamane, Ryo Matsumoto, Kazuhisa Hoshi, Aichi Yamashita,
Akira Miura, Yuki Nakahira, Hirokazu Kadobayashi, Saori I. Kawaguchi, Yoshihiko Takano,
Journal of the Physical Society of Japan, 92(11), 114702, 2023,
DOI:10.7566/1PS1.92.114702

60. Pressure induced amorphization of Pb?>* and Pb** in perovskite PbFeOs.

Qiumin Liu, Hena Das, Takumi Nishikubo, Yuki Sakai, Ko Mibu, Tomoko Onoue, Takateru
Kawakami, Tetsu Watanuki, Akihiko Machida, Xubin Ye, Jianhong Dai, Zhao Pan, Lei Hu,
Satoshi Nakano, Masayuki Fukuda, Shiori Kihara, Koomok Lee, Takehiro Koike, Youwen
Long, Masaki Azuma, Chemistry of Materials, 36(4), 1899 - 1907, 2024,
DOI:10.1021/acs.chemmater.3c02569

61. Abnormal Grain Growth: A Spontaneous Activation of Competing Grain Rotation.

Klaus-Dieter Liss, Pingguang Xu, Xiaojing Liu, Ayumi Shiro, Shuoyuan Zhang, Eitaro
Yukutake, Takahisa Shobu, Koichi Akita, Advanced Engineering Materials, 26, 2300470,
2024, DOI:10.1002/adem.202300470

62. High entropy alloys containing immiscible Mg and refractory elements: synthesis,
structure and hydrogen storage properties.

Renato Belli Strozi, Kouji Sakaki, Hyunjeong Kim, Akihiko Machida, Yuki Nakahira, Jakub
Cizek, Oksana Melikhova, Guilherme Zepon, Walter José Botta, Claudia Zlotea, Journal of
Alloys and Compounds, 969(25), 172415, 2023, DOI:10.1016/j.jallcom.2023.172415

63. Revealing the evolution of local structure in the formation process of alkaline earth
metal cation-containing zeolite from glass.

Peidong Hu, Makiko Deguchi, Hiroki Yamada, Kentaro Kobayashi, Koji Ohara, Sohei
Sukenaga, Mariko Ando, Hiroyuki Shibata, Akihiko Machida, Yutaka Yanaba, Zhendong Liu,
Tatsuya Okubo, Toru Wakihara, Physical Chemistry Chemical Physics, 26, 116 - 122,
2023, DOI:10.1039/d3cp04954;j

64. Hydrogenation behavior of a C14 Laves phase under ultra-high hydrogen pressure.

V. Charbonnier, R. Utsumi, Y. Nakahira, H. Enoki, K. Asano, H. Kim, T. Sato, S. Orimo, H.
Saitoh, K. Sakaki, Journal of Alloys and Compounds, 965, 171348, 2023,
DOI:10.1016/j.jallcom.2023.171348

65. Elucidating primary degradation mechanisms in high cycling capacity,
compositionally tunable high entropy hydrides.

69



Renato Strozi, Matthew Witman, Vitalie Stavila, Jakub Cizek, Kouji Sakaki, Hyunjeong Kim,
Oksana Melikhova, Loic Perriere, Akihiko Machida, Yuki Nakahira, Guilherme Zepon, Walter
J. Botta, Claudia Zlotea, ACS Applied Materials & Interfaces, 6(24), 12560 - 12572, 2023,
DOI:10.1021/acsaem.3c02696

66. Selective Synthesis of Perovskite Oxyhydrides Using a High—Pressure Flux Method.

Jinya Suzuki, Hiroyasu Okochi, Naoki Matsui, Teppei Nagase, Takumi Nishikubo, Yuki
Sakai, Takuya Ohmi, Zhao Pan, Takashi Saito, Hiroyuki Saitoh, Atsunori Ikezawa, Hajime
Arai, Ryoji Kanno, Takafumi Yamamoto, Masaki Azuma, Journal of the American Chemical
Society, 145(30), 16398 - 16405, 2023, DOI:10.1021/jacs.3c02240

67. Local structural changes of V-Ti—Cr alloy hydrides with on hydrogen
absorption/desorption cycling.

Kazutaka Ikeda, Sho Sashida, Toshiya Otomo, Hidetoshi Ohshita, Takashi Honda,
Takafumi Hawai, Hiraku Saito, Shinichi Itoh, Tetsuya Yokoo, Kouji Sakaki, Hyunjeong Kim,
Yumiko Nakamura, Akihiko Machida, Daiju Matsumura, Wojciech Slawinski, International
Journal of Hydrogen Energy, 51, 79 - 87, 2023, DOI:10.1016/j.ijhydene.2023.10.318

68. Sound velocity and elastic properties of Fe-Ni—-S-Si liquid: the effects of pressure
and multiple light elements.

Iori Yamada, Hidenori Terasaki, Sarotu Urakawa, Tadashi Kondo, Akihiko Machida,
Yoshinori Tange, Yuji Higo, Physics and Chemistry of Minerals, 50, 19, 2023,
DO0I:10.1007/s00269-023-01243-8

69. Integrating abnormal thermal expansion and ultralow thermal conductivity into
(Cd,Ni);Re,05 via synergy of local structure distortion and soft acoustic phonons.

Feiyu Qin, Lei Hu, Yingcai Zhu, Yuki Sakai, Shogo Kawaguchi, Akihiko Machida, Tetsu
Watanuki, Yue-Wen Fang, Jun Sun, Xiangdong Ding, Masaki Azuma, Acta Materialia, 264,
119544, 2023, DOI:10.1016/j.actamat.2023.119544

70. Atom-Selective Analyses Reveal the Structure-Directing Effect of Cs Cation on the
Synthesis of Zeolites.

Hiroki Yamada, Hirofumi Horikawa, Chokkalingam Anand, Koji Ohara, Toshiaki Ina, Akihiko
Machida, Satoshi Tominaka, Tatsuya Okubo, Zhendong Liu, Kenta Iyoki, Toru Wakihara,
The Journal of Physical Chemistry Letters, 14(14), 3574 - 3580, 2023,
DO0I:10.1021/acs.jpclett.3c00432

71. Bk X R &P EF 2 RN ICAVZ/NOERS SRR EDEL D EFIR.

K Bia, =i 185, 1 863k, 21| Fill, /o8 B, B8 UK, EE 5B, #4481, 72(4), 316 -
323, 2023, DOI:10.2472/jsms.72.316

72. Hydrogen occupation and hydrogen-induced volume expansion in Feg gNip 1Dy at
high-PT conditions.

Shito Chikara, Kagi Hiroyuki, Kakizawa Sho, Aoki Katsutoshi, Komatsu Kazuki, Iizuka-Oku
Riko, Abe Jun, Saitoh Hiroyuki, Sano-Furukawa Asami, Hattori Takanori, American
Mineralogist, 108(4), 659 - 666, 2023, DOI:10.2138/am-2022-8348

73. Synchrotron Méssbauer Micro y-ray Diffractometer Installed on BL11XU at SPring-
8.

Kosuke Fujiwara, Shin Nakamura, Susumu Shimomura, Takaya Mitsui, JPS Conference
Proceedings, 41, 011002, 2024, DOI:10.7566/JPSCP.41.011002

74. Measurement of the Sub-nanometer Vibration Amplitudes Using °’Fe Synchrotron
Mdssbauer Source.

70



Hiroyuki Yamashita, Shinji Kitao, Yasuhiro Kobayashi, Hidetoshi Ota, Ryo Masuda, Kosuke
Fujiwara, Takaya Mitsui, Makoto Seto, Interactions, 245, 15, 2024, DOI:10.1007/s10751-
024-01854-9

75. Anomalous Interference Effect in Pure Nuclear Bragg Reflection of Fe30,.

Shin Nakamura, Kosuke Fujiwara, Takaya Mitsui, Susumu Shimomura, Journal of the
Physical Society of Japan, 92(12), 124708, 2023, DOI:10.7566/JPS].92.124708

76. Feasibility Study of Thin Film Surface Analysis Using Synchrotron Low-Angle
Incidence Conversion Electron Mdssbauer Spectroscopy.

Takaya Mitsui, Kosuke Fujiwara, Ko Mibu, Ryo Masuda, Yasuhiro Kobayashi, Makoto Seto,
Journal of the Physical Society of Japan, 93(3), 034705, 2024,
DOI:10.7566/1PS1.93.034705

77. Cubic-type Heusler compound Mn,FeGa thin film with strain-induced large
perpendicular magnetic anisotropy.

Phillip David Bentley, Songtian Li, Keisuke Masuda, Yoshio Miura, Du Ye, Takaya Mitsui,
Kosuke Fujiwara, Yasuhiro Kobayashi, Tengyu Guo, Guogiang Yu, Chihiro Suzuki, Shunya
Yamamoto, Fu Zheng, Yuya Sakuraba, Seiji Sakai, Physical Review Materials, 7, 064404,
2023, DOI:10.1103/PhysRevMaterials.7.064404

78. Magnetic spin-flop transition of e-FeOOH at pressure 8 GPa.

Osamu Ikeda, Tatsuya Sakamaki, Takaya Mitsui, Kosuke Fujiwara, Catherine A.
McCammon, Akio Suzuki, Journal of the Physical Society of Japan, 92(4), 043702, 2023,
DOI:10.7566/1PS1.92.043702

79. Quantitative measure of correlation strength among intertwined many-body
interactions.

Hideaki Iwasawa, Tetsuro Ueno, Yoshiyuki Yoshida, Hiroshi Eisaki, Yoshihiro Aiura, Kenya
Shimada, Physical Review Research, 5, 043266, 2023,
DOI:10.1103/PhysRevResearch.5.043266

80. Cu K-edge X-ray Absorption Fine Structure Study of T'-type RE>;CuO4.,-5 (RE = Rare
earth): Toward a Unified Understanding of the Electronic State of T"-type Cuprate.

Yizhou Chen, Shun Asano, Tong Wang, Peiao Xie, Shinnosuke Kitayama, Kenji Ishii, Daiju
Matsumura, Takuya Tsuji, Takanori Taniguchi, Masaki Fujita, JPS Conference Proceedings,
38, 011050, 2023, DOI:10.7566/JPSCP.38.011050

81. Theoretical Study of the Time-Resolved Spin Excitation Spectrum in the
Photoexcited Mott Insulator.

Kenji Tsusui, Kazuya Shinjo, Takami Tohyama, JPS Conference Proceedings, 38, 011159,
2023, DOI:10.7566/JPSCP.38.011159

82. Photoemission Study of One-Dimensional Electronic States of (6,5), (6,6), and (7,4)
Single-Walled Carbon Nanotubes.

Ryousuke Suzuki, Ryusuke Kakihara, Hiroyoshi Ishii, Tsuneaki Miyahara, Yutaka Maniwa,
Kazuhiro Yanagi, Hideaki Iwasawa, Kenya Shimada, Hirofumi Namatame, Masaki
Taniguchi, Journal of The Physical Society of Japan, 92(2), 024703, 2023,
DOI:10.7566/1PS1.92.024703

83. Laser-based angle-resolved photoemission spectroscopy with micrometer spatial
resolution and detection of three-dimensional spin vector.

Takuma Iwata, T. Kousa, Y. Nishioka, K. Ohwada, K. Sumida, E. Annese, M. Kakoki, Kenta
Kuroda, H. Iwasawa, M. Arita, S. Kumar, A. Kimura, K. Miyamoto, T. Okuda, Scientific
Reports, 14, 127, 2024, DOI1:10.1038/s41598-023-47719-z

71



84. Exploring spin-polarization in Bi-based High-T, cuprates.

Hideaki Iwasawa, Kazuki Sumida, Shigeyuki Ishida, Patrick Le Févre, Francois Bertran,
Yoshiyuki Yoshida, Hiroshi Eisaki, Andrés F. Santander-Syro, Hiroshi Eisaki, Scientific
Reports, 13, 13451, 2023, DOI:10.1038/s41598-023-40145-1

85. Three-temperature Model for Silicon Damage Process (3 BEEFIICLDS VI DIE
{SEEDHRFT).

Venkat Prachi, Otobe Tomohito, Journal of Japan Laser Processing Society (L —H —ilT%
=55) 31(1), 26-32, 2024

86. O—= U RIBICHIT DN FIBEEHDRHNBEA A—2D.

=R &bE, HAYIEFE RS, 78(7), 410 - 414, 2023, DOI1:10.11316/butsuri.78.7_410
87. RERMEDEL YT 10 J 1 L MERIFANIRDRTE & T DIEIEED ADITHA.

TR HEBA, YA, 72(3), 136, 2023
88. Anomalously large heat generation of hydration water 1 under microwave.

Hiroshi Murakami, The Journal of Physical Chemistry B, 128, 3898 - 3903, 2024,
DOI:10.1021/acs.jpcb.3c07759

89. Structural and Dynamical Changes of Nucleosome upon GATA3 binding.

Ishida Hisashi, Atsushi Matsumoto, Hiroki Tanaka, Paul A. Wade, Aya Okuda, Ken
Morishima, Hitoshi Kurumizaka, Masaaki Sugiyama, Hidetoshi Kono, Journal of Molecular
Biology, 435(23), 168308, 2023, D0OI1:10.1016/j.jmb.2023.168308

90. Synthetic DNA binders for fluorescent sensing of thymine glycol-containing DNA
duplexes and inhibition of endonuclease activity.

Sato Yusuke, Takaku Yoshihide, Nakano Toshiaki, Akamatsu Ken, Inamura Dai, Nishizawa
Seiichi, Chemical Communications, 59, 6088 - 6091, 2023, DOI:10.1039/d3cc01501g

91. Proximity estimation and quantification of ionizing radiation-induced DNA lesions in
aqueous media using fluorescence spectroscopy.

Akamatsu Ken, Sato Katsuya, Shikazono Naoya, Takeshi Saito, Radiation Research,
201(2), 150 - 159, 2023, DOI:10.1667/RADE-23-00145.1

Proceedings

1. X RIRURAHAEEE(C & B & MiBR DS > DIEF AR,

>
LR BE, A KiE, 5 BhsE, B R, it =, 5k H2, AR 54, KA &5, Fundamental
Toxicological Sciences, 10, 127, 2023

2. F—FRESHIC K DHEHT J BEDIFREAFHROS =1L —>3 2.
KIR FRAE, M ST, LA &7, f8X Jeia, 56 34 B amEE, 235 - 238, 2023

3. Generation of Naturally Down-Chirped Few-Cycle Pulse from Free-Electron Laser
Oscillator and Its Pulse Compression.

Heishun Zen, Hideaki Ohgaki, Ryoichi Hajima, 2023 48th International Conference on
Infrared, Millimeter, and Terahertz Waves (IRMMW-THz), 2024, DOI:10.1109/IRMMW-
THz57677.2023.10299308

72



4, Laser-induced gas breakdown by a train of femtosecond long-wave infrared FEL
pulses.

R. Hajima, Keigo Kawase, James K. Koga, H. Zen, H. Ohgaki, 2023 48th International
Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz), 2024,
DOI:10.1109/IRMMW-THz57677.2023.10299282

5. XERICABRRFAZHAALZEREFL YOI —>32.

A XA, DB BEYF, AH FT, BH £, IRH BF, i di, 1)1 &ic, P8 B—, 5520M
BAMERSRFRFRTOS—F 1 >R, 361 - 364, 2024

6. HREFL—Y—THRET 3EEDELF MEXIRDMR: 2023.

PE B—, JII# &g, £ WL, XiB 3=, Bl /KL, 8 KFE, 5 20 DEAINRFFREFERTOS
-7+ >R, 899 - 901, 2024

7. Carrier-envelope phase stabilization in FEL oscillators.

Hajima Ryoichi, Kawase Keigo, Heishun Zen, Hideaki Ohgaki, Journal of Physics:
Conference Series, 2687, 032013, 2024, DOI:10.1088/1742-6596/2687/3/032013

8. Laser-induced gas breakdown at KU-FEL.

Hajima Ryoichi, Heishun Zen, Hideaki Ohgaki, Proceedings of FEL 2022, 2023,
DOI:10.18429/JACoW-FEL2022-MOP28

9. Unaveraged simulation of superradiance in FEL oscillators.
Hajima Ryoichi, Proceedings of FEL 2022, 2023, DOI:10.18429/JACoW-FEL2022-MOP27
10. AIR—IZER(CEH51FS HOM iBZEDHER.

JRAT B, Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan,
646 - 648, 2023

11. PHRABEBFL T —([CKBIK[ED bRV A ALEFOIRILF—5TA.

)% EIE, PS B—, KIE RO, £ R, 5 20 BHANRSBZFRFRTOS—T 1 >R, 741 -
743, 2023

12, EHREERETHC K> TE U= DNA BIEDIBERR# T SIEEERRE.
REF B8, i T, BE B, BEHREE, 116, 15 - 19, 2023
13. Multi-scale simulations aiming to advance heavy ion beam cancer therapy.

Moribayashi Kengo, Matsubara Hiroshi, Yonetani Yoshiteru, Shikazono Naoya, AIP
conference proceedings, 2756, 030001-1 - 8, 2023, DOI: 10.1063/5.0140807

1. 547 @AL—Y—%2 EH (RXH) .

il B [L—F—IIRKREE — LR FRDS > T)ILS 3wy b2
L—Y5—%¥%x, 2023-05-31

2. HPCI VYV J MO T P ERRRFIERE.

WA &7 B X, fRE @, 50 B—. TFH B, 28 8. £ BR. &R R TR
B & K. R SEE. KE —iE. LA BE

73



[SALMON (Scalable Ab-initio Light-Matter simulator for Optics and Nanoscience) |
—iEtEEAN HPCL OV —207 4\, 2023-05-19

3. BREEFRE (A—3IL08) RE.

Wi 1588 [Mn [CED Al-Mn &K= EYD DK RIRIEL IR HBEDFTAT |
NBEHEEABERERF R KENEDDIMERZOREHBMAFR, 2023-12-08

4. BT 5 FE BMFERMIFOXEHFXERE.

=H IEth, 15 WA [—REFESOMMEREERZ BV CHRERE ORI DT ]
XERIFE, 2023-04-07

5. KIR=1—OJYPHYAIVABRRERE (ONSAE) .

h¥¥ & [Formation of clustered DNA damage in vivo upon irradiation with ionizing
radiation: visualization and analysis with atomic force microscopy |
—MFHEEIEN RKIRZ21—20 U751 T2 X% (ONSA) , 2023-06-05

FIEFEEK

1. Laser device, light source, and measurement device.

Akahane Yutaka, Aoyama Makoto, Ogawa Kanade, Yamakawa Koichi
FRMM EP3680998 (2023-06-14)

2. {ERERRIRE. AR5 A HEEBAE. REAE. ARRS AT L. BRI 054
BELURHERGEE.

Yamakawa Koichi, Aoyama Makoto, Morioka Takamitsu, Imaoka Tatsuhiko
B7& 1819004 (2023-10-21)

3. FHAIRE, SR A, BEME. SIURASE.

Nishikino Masaharu, Hasegawa Noboru, Mikami Katsuhiro, Kitamura Toshiyuki, Kondo
Shuji, Okada Hajime, Kawachi Tetsuya
K[E US2023/0258609 A1 (2023-08-17)

4. HAIEE. FHAS AT A, BEME. SIUFHIAE.

Nishikino Masaharu, Hasegawa Noboru, Mikami Katsuhiro, Kitamura Toshiyuki, Kondo
Shuji, Okada Hajime, Kawachi Tetsuya
t[F 6466407 (2023-11-07)

5. 12752 MEREFEAE. 275> MyEREMIRE. $KUT7095A.

Nishikino Masaharu, Hasegawa Noboru, Mikami Katsuhiro, Kitamura Toshiyuki, Kondo
Shuji, Okada Hajime
KE 11737705 (2023-08-29)

6. SHAIRE. SR L. BEME. BIUERSE.

Nishikino Masaharu, Hasegawa Noboru, Mikami Katsuhiro, Kitamura Toshiyuki, Kondo
Shuji, Okada Hajime, Kawachi Tetsuya
>R 451962 (2023-09-15)

7. L—H—I8IRKE.

REF Moo, RV &, =L B, (88 28], ME X, AR 55
HA 7286898 (2023-05-29)

74



SRl

1. 1 ARERE, (ARERE B ARERBT—I'Y b,

NG ST, i ZRE, B YZ, bR M, BA BT, BK thiE, [RE Fi, Lk #F
PCT/1P2023/ 41213 (2023-11-16)

2. BSMEERGESTHEAI 05 A.

AN Z, #wEF oo, ME X, Ok E8)
%58 2023-122463 (2023-07-27)

3. 1 AVIES ES LT A 2 hlRFE.

& 1, 5 BE, #LE T4
458 2023-141144 (2023-08-31)

4. SEWETHAS AR UCERMEHAIRE.

BIR E5, =H El, R E
%58 2023-147113 (2023-09-11)

75



The Kids’ Science Museum of Photons



W=

4 FITFEAT TR & ERERIBIRR 2 e Lk L-2>D, PR O R RIEE N B IEE D 72 0 O PARERF# O 30 43
Mo B, 7320 T AEEOAGHIR (604 /116 i) 72 6 ONS— /RIS E OF| FHIR 4 #ERF L
TORfEL 7D E LT,

5HDT—TF T 4 — 7 ITITHRIA R b & LT IAERER = —J— & 92, BAAE R R LARTIZ SRAR 23
FEIEDOINZRT A 3 3 NHSVITEIELE LT,

6 21 H (K) MBIZTTHREY 7 AR — L ~DABHIRAZFELL L, KABOMESZ AN AR
720 F L, Fo, KIRBFEENE CORRBIM AT Lz HIMAC figk OFR 72 &2 BpfEIc Bk L
L7,

711 BIZITBEEE 22 AL, 7229 HvD 8 A 20 HIZHNT TEARAFRRIA X h& LTL
VERBR o —F— % FEMi L £ L7z,

11 AR E T O KRR HX TR Stz >k TREYIT — b 2023) (2 ), BENIZEWT 3
DRFRIER A Z AL, S HIA XY MYBOARBUE 5 ERO EBAITNE Lz, £72, 11 H (0) |
BIVERF D — AR M T O IZBRICIE, ZORRIA R ha—F—L LTCL—P—TREEHELE L,

12A2HEY, 2H -BAOBFIMEa—F—2BHLELL, 2T HPLE L 1A 7 HIZHT

TIEARBAR FME LT, SHIIE3 A 27T HNOHFEE 4 A 7 BHIZHT TUXEIKRAA X R E LT,
B IfFa—F—Z2%EmLE LT,

2023 FEDEE
1. EL4TSE
202345 H 3 H~T7H EBU— I vavS
TH29H~8H 20 H b U—rvays BIRABIAE
11 A3HA~19H KREN T — bk 2023
11 A11H BIPE BB TERT ik 23 B
12 H 2 H~28 H Photons Merry Christmas 2023
202441 H 4 H~28H A Happy New Year 2024
2H3H~25H Photons Happy Valentine
S3H2THA~4HATH ZEb T vay T FRBIAE
2. REFKHR
$Hi£’lﬁiﬁ%ﬂi%@i%I%&& Z X DR RS, sl o 7 R A HL T
+ e B LASPCRIORS 2 EITIXTHIEIC ié_ﬂﬁ#¢ukﬁbi#LZMS$E®ﬁA%%

ﬁ@z&%GAt@DibtoWE\ﬂﬁﬂ%%ﬁﬁ%%%w®ﬂ8ﬂTﬁW¥ZMSEHSﬂ%
D 4,558 ADIEH, 11 AIZHIRIERED 4516 AxBH X LE Lz, ZHUIAEITOA X b
IARENT — bk 2023) ~OWHAIRENTZLOEEDLIVET, FRZ 11 A 11 BIZIXEEEMFORERR A
AL bERSTZEND, 1 HTI1,1654 L EREE 2 O REEFEH AT L E L. (ENE TORL
#k1X 20194 4 A 30 HD 1,001 4, 72 BEEREE 14213 F U < BAEMHEX A H Th - 7= 2016 4F
10 A 23 H? 1,333 4),

7



A | BRfE R K EN: REt

2023 F 4 B 22 H 1,917 A 1,917 A
5 H 21 H 2,339 A 4,256 A

6 A 21 H 1,635 A 5,891 A

7H 22 H 2,556 A 8,447 A

8 A 22 H 4,558 A\ 13,005 A

9 A 21 H 1,786 A 14,791 A

10 A 20 H 1,373 A 16,164 A

11 H 22 H 4,516 A 20,680 A

12 H 20 H 1,283 A 21,963 A

2024 F 1 B 20 H 1,724 A 23,687 A
2 A 22 H 2,020 A 25,707 A

3 A 23 H 2,499 A 28,206 A\

EEAF 256 H 28,206 A -

(1) TAE#H=
<~ LT R— B\, B TEH=E% TR (10:15~10:45). Tt (15:00~15:30) @ 2 [a],

TNENER 10 LI THTWE Lz, THENBREICNPEZRRE LTWE T2, —Hids)

3. BERNE (T - BB - E8)

LZMTELLOBHEWEZLE L,

TAEHEE AR
A ESy/ TR Sy IR ZINEH

2023 F 4 8B
5 A 5 H 10 [A] 98 A

6 A
7H 2 A 4 0] 39 A
8 A 15 A 30 @] 289 A

94

10 A

11 A
12 A 10 A 18 [d] 113 A
2024 F 1 8 10 A 20 [@] 155 A
2 A 9 H 18 [d] 144 A
3 A 14 A 28 [a] 227 A
EEAE 65 H 128 [2] 1,065 A

Uil

A



(2) BT Yo Lk

SeDG R — 1 (F— 2B RE MG R —V) (28T 25 EBX, BRI O 30 ML,
‘FRT (11:10~11:30) . F1% (14:00~14:30) ® 2 & L, F% 2 [EH (15:40~16:10) D bk}
BUERIE L CWET, 2RBHERRSEEOEEAND - BT, B AT E Lz,

6 21 H (OK) 2B ASGHIREZMR L, £ TOMER (116 /) Bk L CoO EBA Bt 7=
LE L7,

11 HOAREIN T — MIEHICIE, 1 A 3 B ORRIFE (15:15~15:45) Zaki). [FA X2 hC
SIMULT=T —7 4 A N OBEIER 5 /i (8519 23 43) O EMZITWE L, 2023 FEOBE
FHE 16,947 AT,

Al BR O AR

S
£ A /=R SR BRI PRRBLEAR
2023 F 4 B 22 H 39 [A] 1,065 A 1,065 A
5 A 20 H 43 [A] 1,525 A 2,590 A
6 H 21 H 36 [A] 981 A 3,571 A
7H 22 H 43 [A] 1,613 A 5,184 A\
8 H 22 H 46 [A] 3,196 A 8,380 A
9 H 20 H 39 [A] 1,180 A 9,560 A
10 A 20 H 38 ] 924 A 10,484 A
11 A 22 H 52 [A] 1,400 A 11,884 A
12 A 20 H 36 [A] 840 A 12,724 A
2024 F 1 8B 19 H 37 [a] 1,139 A 13,863 A
2 H 22 H 45 [A] 1,393 A 15,256 A
3 H 23 H 45 [A] 1,691 A 16,947 A
EREEFT 253 H 499 [A] 16,947 A -

79



(3) L—H—F&K

Nd'YAG L —#—= He-Ne L' —%— @ ELZ AWKV —F—IZHT 57 1 7 Er %
FET D a—F—TF, 20238 FEITERFZEFEAKRIE L TEH Y £ Lz, 11 A O BEVEMiEs% AR O
Bl —F— L LT 2 A7 — F£72 2024 5 2 A FREEFKRO G NE 0 ZTEHZHEA T3 A
T =V O 5 EA2EM L E Lz, 2023 4FEDOBIE A HIE 220 ATT,

80



81



Appendix



SLFEATFERRE, MR ILARE

1) AREHX
(L RprFERRE]

R FFESE

L FFFERRE S

WL T N—T

&t EX-Fusion, #fiF K%

I IAFZ =0y MTET D058

Sedin L — W — R0
%

HAERE BRA S e HERAE
At

R BRI AR X HR BT - 0 e s O B
B

Sedin L — Y — BT
T—

AR

Tz MOV A L= DR B A e —
Ly MBI EE T A RFSE

Sedn L— Y — R AT
T—

RBRRZE, AR

T U= 2 W AERE A A A D
B &

Sedn L— W — R A
Tn—=7

MFERSE, s RERT

[ TR HH 25 2 PN T2 18 = R L 20— A A
FIEO@EREEL

Sedin L — W — R0
Tn—=7

KBRS T BT JUM

FHWPLOFIETELS KL FINE - EREBEIZE

BRI

Sedin L — Y — R 5T
TN—

RENFHANC K 200 FOoRERH L HBIE T
B4 D AkgE

Sedn L—W — R A
T—

HHER T RIRPESE R

V=N TIC L DT 2 %7 7 A4 T ORFE
FEHRINHNZBE S 2 W5

Sedn L— W — R A
T ==

IR R RS 7

NN L— =IO A - HEREREmAT ST e

L — T TN ORI | SRR 2 L
Rt A i T3 W —E NN T 5 BAHE - iz e bicE Fﬂgérpéﬁ$+ﬁLﬁﬁjL Vi

ERAY s —7

L— AT & % /R X RS O R T | SRR A L
TR R AL P—IEIZ L 5] FRICTEINEZR O F% 5T Fja%rh%ﬁ$+ﬁLﬁﬁjb )

%

—7

BT RV X —E IR TR i

FERE N &5 D 723D O il & — P& O @
REAL DM ZERE JE

L CSH~re s
="

H A - 7052 B SE AR |

o R IR G TRGEL & P O T B RN U E Bty

L CSHr~#arse s

SRR BT 7
AT TSN, | L - 327 R BT~ B TR | L C S A~ B
SRS A SRR ORI n—v

T T B RX 5B
A TSI BN | sy
AN FT s I uT— \ o e
A PIITTI TR kL g B R OB | B EAR

Aztt

7% RAEsm R A R R

BRI S A SV =T A R L
EAERRE T A A DBR%

BEHEETFAFI7
AR Ta s

83




ERERE LA L — P X B+ DA Ak

HmEmE & A7

ﬁ/‘?\j(% ]‘ﬂﬁa@ﬁﬁﬁﬂ XZI}F 7 = /I& }\

s LI TOF DI S 2 L — ¥ — ORI | BEHEET 7 A 53 7
- BEREVERE MR MR AT L O md DR R B 20T | BEdE 2 A F X7

SR IRAST KT 5 AWfgETa = k

TR, R

TW HF 2P 7747 L—F—% & FE
— P4 LSBT D

L= —BRE) A A0
HERPAFE T 0V =7 b

LL R FRRE R v 2 —

A A AT AT TR RS SR ORIl B i 2
B9 208

L= —BRE) A A0
HERPAFE T n V=7 b

B A AL —P—IE AR EROREE— AT | v —F—ERE) A A0

R TR TR Ak - ‘
{ LIRS FIEOBR% HESBHRE S 1 - 7 R
B AAFAL—F—IEARIEO X —7 > NERE) | L ——BXEh A 400

A SR A . \
RS TEEICRE T 5 B HEBAR ey =7 b
P e B AZAHV—VP—IEAREND DA A B— | L—W —Bk@hA 4

R ¥

LHHNC B4 D 5

WP T m Y =7 b

\ IR AR VL - EHHEL | X S R T
Bt T7 A+ b IR
PARILT 4 b7 = B % B FTm ey
B R HUE X BRI LA
FRERFRBIE IR | e it X RN AT
? ﬂ7DV17F
T L e ] X RN LT
BRI R T + 43 TBDASTC BT B ‘
ks R | OB SFBIERGERTORE ok
B X L — RS\ & 5 (LA OB T | X S T T
s

(ZBE3 D AT

Iyl b

IR T IE AT

B RV =T E Ry MRALEED

X RN TEAR A

SOREE T KR . EH R
1 A
sttt HIYE a7 ~
[ a3 J P )
. o HIH A B
R o I 3R
45
QUADRA-T L— | W4 7 LB AR L 0 35 S5 5 7 OB T4k
2023A-K01 N
02BAKOL | AW e o SR & OREH
J-KAREN-P L —
2023A-K02 [N . R A A5 64512 K 5 BISER X #30 Red: 2EA
R
J-KAREN-P L — | &858 E L — —ERENIE RN S Z 77 X~ OB aEE &
2023A-K03 N . .
A BRI D B i)
kHz 7% %> .
2023A°K10 | B | T LT | SRR T I SRR A A DB

84




2) FREEMX

ERELZE S|
S [ SRR 4 ST 7 L
A A e A= N
AT AT | MRS & 5 MR B 5B PR
S RO 1 2 2 R TR RERRIA 0D 7= 5 0 ) REMERL TR 7
a Z R T A3 D B R 5 JN—
0% P AR 6 361 N7 5 T 2 4 Rk BEPERH b e
TEF 50 1 0 st | RRMRET & R\ T FIREE SR BB O Py AR
KABLEL D 7= o DI B 5 7 —
SLAC National Accelerator | miRBEEICR T 2 EEL M AEROWE (it JetE sy ek e
Laboratory e . —EEs SRR, ) 7 —"F
- X MRS « FA T & 2 SR LB A&k D JeiE sy JERF
EERE . .
hFgE T —"
——— RIXS DR T 3L 5 — 5 RRETE IS A1) 7= B 4 TSR
- JBEL LI 5 B E AR OB o
TR - B A~ A X R R O —
B PNCE ¥ B IR b o R A BT DAl T ) )
v TN—=7
o abe—L» bk X##
KB R Sb—Ly b XA LR — k3

FAMIZE T NV—T7

TDK #RAS AL, TR R

JE St X R IEHT 22 FH U o RS AT B2l O BH 56

ar—1L 2 b X#

F e 7 —7F

o B KBFRFKE DY« BB X BABELEH] | KB BRI ERFZE
PEEH AR AT T . . R .
Fi U 72 K B W & 4 DRSS 2 b OB T —T

HANY 0 A A LG a4 AR 22T g

BT - BEEITRC Hte Wﬁf?‘n:X n‘?a‘aﬁﬁﬂ%?ﬁﬂﬁﬁ U 7= Seimts et ar gt o 7J<+$7{7M$Jm"—;ﬁﬁn
J RIS REAM T O BH T N—7

O e W YEEL X RE2FIH LT Fr R ATRIRBIN OB | KEM BRI
» %% TN—"7

el oz FHT NI =0 AEEBKBIMORBIZET D0 | KFEMEHEFFIFSE
% TN—="7

[ it 5% H FH AR )

FEEEHIX ClE, 2021 AEE L 0 SRR ~T U TS ) —F A v 7 FHEEAZIE L TVET,
WESH L2021 EEE I T 7 o a o —F 5y 74— AHE|TB| X EEX 2022 4R fE

B IREDER AT % & R IE A

AR TR 2B (S LT RIS E—L T 1

ZBT DR TIL L COES, Eo, BROBHEOIMITMA T, F—F DM b HEEITA
V¥, EIEAF 2 B, SPring-8 ZEE 4 2 NS M HNE N @RE DR A o F — O — kiR EE S
B (5 HLRO 11 A) IZEDETHFELTVET,

85



FIH

AR it 5 27 GILEE S
X5y
WA AN 7 — | B EEL 2 W T RS R SRR (L4 O B ik P Bl A1)
2023A-HO1 NG . B
Gy A E DIRFE (2)
TSI A 2T T — o N
2023A-H02 | /ABA ‘ o = M- FR B [T E R 0O PHFEBFFELL
Syt
B A A NG 7 — | B ETICB T 2 KT~ MW E TR OO EFIR
2023A-HO03 N .
LG &L Z DODBUREA~DF -
SEIGIEHMEXRR AL | A v A A MRS R L2 31T D R AL S b o Rf
2023A-H04 NG . .
i OB
N Key Technique Research and Performance
2023A-HO5 N eI FEXAR AL Characterization of the Diced Crystal Analyzer for
i L High Energy Resolution Inelastic X-ray Scattering
Spectroscopies
S I PR X S o fiEHe XAFS ZFIH LRk Em D v — REEEIR %
2023A-H06 NG i o
S AR 112361 2 B SR8 Ju UG IR O W A A G iR BT 5T
. B Z OB XHEHTRE Z AW 2 R RE T v & % o —if
2023A-HO7 | AP | REXHREYTES
FEOBIZ
) ANy BT == VAINOEEZ U —=2 72 X 5k
2023A-H08 AR | FEmXErE T E i N
A T =K L DFR
) GaNVU E— h= X X —DY 7 7 A 7 Wil A& A7
2023A-HO09 | B | RKEX#ERETE )
MDY T H A DXBRIEIPTIZ X B T
. - IREFE N InGaN & & IZ 38 1T 5 & O 8 X [ H ]
2023A-H10 | AB | RKEXERETE .
E
- BpE— g 7y NER IO/ DRI O
2023A-H11 /NE EIREE T L A E ) )
BRI~ > T ~DIGH
o BIE T OA A A A FIH L7 B 3 b BaTiOs  HyD %
2023A-H12 /NE EIREE T L RS E
DI EI%
2023A-H13 | &P | WiRmET VAEE | KEFET TN T 7 A0tk OKERIESE OB
2023A-H14 3B EEEE L 2EE | EHEEZFIH L7z P2R NaysMneisNiysO: D KRS
e 18 E A L IR 22 7% FH L 72 100MPakl 88 i 11 /F Bh R K 56 W%
2023A-H15 | &b | WikmET U ARE |
B DR
2023A-H16 | A | EiREE T L AR | HERE KBNS A 4 % G TS HRKE L OBRSR
R 2R 54 B R R Tis0+(Fe1-Mnw)so-y 0D /K B Wi« fif H B DFRZE AL 268 D
2023A-H19 NE
HAETE TiFs £ O\MnfH & 7714
R A A B R Phase evolution, mechanical properties, and
2023A-H20 3B i morphology of cementitious silicate hydrates subjected
WA to carbonation

86




b — Ly FXERE

GHE FIZ 5 B EF7 /51 ANEO T/ —HiF 0

2023A-H21 | A4
T i Ao gEm | ESUOT R B E TS Y O AR RO M
J023A-HI3 AT ab— Ly MXERE] Bragg-CDIIC L2 ESE RABIEIEME D R A A 15
Tl i Aoy g | EREZ OB
J093A-H25 A b — L2 XA F AT aEEREFE T I 7 AMEHC BT A REEE R
A R A L e
o b— L2 FXGRRE
2023A-H24 /N Ay AEE B4 BRI DL 2
— =N
N ab— L2 hXERE MOEKH VY o B ONENZ IR AL S 3L 7= ks &
203AH25 | B os e | o
b — L MXHRE] ! .
2023A-H26 | FEARH ot R SR g M & IR O > L OO s I E
— =N
2023A-H27 | FEARR | MiEEmET L REE | Fe R D £ FEIINRER
9093B-HO1 A B A ARG T — | AZANG T =035 AWTZGdFe 540 2 7 v 727 11
S e SRR & B 5 Ve T B o T
N BEA AR 7 — | BEETICBT 2HERFE~ > b E T o8koE IR
2028B°HOZ |2 ) e 6 & 2 ORI~ D
N FE e A AN T — | KRB ECELE W T2 IR A TR ek ER (L O BB R LA
2028B°HO3 | AW e OEE (3)
e A AN T —
2023B-H04 ZNBH R T~ B HE B IR ) E SR D BAFEMFFEITT
yal I [EL
e A AN T —
2023B-H05 NE P FKEBIE S TIZR T 5 BEwkE b OB~ IRES AT
yal I [EL
R FETHRME XA AL Exploring orbital excitations in bulk pyrochlore
2023B-HO6 | A | .
A< [EL rnenates
9093B-HOT AR g JE M XA GEL BRBEE M i 2 7w\ L 7= Fe, Cufb &% OHERFD-XAS,
= i XES7 4P EUF 4 AA2T 4
9093B-HOS AR g JE M XA GEL = IRREXAFS =R L 72K BHER 7 VY — REE A RE
S em FRAME 112 35 ) 7 8 70 S P O e e P
g R X EGEL TR S 3 iR T8 % T2 5 a1 B R ERAR 0D PR T i X 3 R
2023B-H09 | AR | - "
Z<|EL
. Z OEXIREHTME 2 AV -GaN Y E— b= 4 F o —
2023B-H10 | &Bd | RmEX#RETE T o 53
WRIAE Z5
) - FOHEXFRCTREGEL AR LTz -¢ ik AINFR: SOfis A B
2023B-H11 | AB | REXEREHTE D]
= ﬁF
2023B-H12 ANBH | FmXERET ScAIMgO M _FInGaNk & 23 1F 5 Z DX AT &

87




I EIREE TICBIT 513200 ABRAREMO T =4
2023B-H13 | /B SRR 7 L R 2 B )
Fr- IR FPARER R O A 71 = X LR H
I LK B BR BT T O SRS B O SR O Z O GBI
2023B-H14 N SIEEE T L AR
D%
2023B-H15 AR | EREET LV AEE | EE T COYsAlO KSR W ER S O LT
2023B-H16 AR | EEREE T L REEE | SRS 2 TS A L7 TiFeH 0 O ARk
e A EARRIZ KD Ti, 72 5 NI TIA 4 T O fccti il D
2023B-H17 /N EREE L AR -
L T X7 OB 2T K B WA il R o &
2023B-H18 NE EEEE T L AR o
R 2453 AR B G FEREMED NS = b —A/4& tEEL LT=MgDkHE
2023B-H19 AR
T2 W RS SRS V2 © & 28 b D fiF
=R 2K A BASGE T YA WELRE T K 2 5 SL M P2-NagisMnaisNiysOs D
2023B-H20 N B )
JHI 2 1 in situ, ex situ PDFﬁ@Tﬁ % W7o B LR AT
ab—L v MNERE F AT uERES Y T I 7 AMBHI BT A EEE
2023B-H21 N B L ) N
Pra A= 73kE | FEIROBE
Lo R F 7 —Ri - IEREEE SR SuAE I rT AL IS K D B AR AT B AR D
= — .‘/ ™ A7V . o S
2023B-H22 | /B o B BRI K 28+ T /3 ANEOFE BB D9
PrA A=V 7@ | .
57 O L5 i B
o b— L FXERM] Bragg-CDIIZ X 5 E G B RABIZIEME D R A A 1
2023B-H23 NG e s -
Pra A= 73E | EIREZ OB
2 b — L hXHRE ‘ .
2023B-H24 | FEAR o BT £ K O Bragg- CDTHIE
A A= 7ikEE
b —L v hXHRIE : N .
2023B-H25 | FE/ABA HEF MG RELO N LOT OIS ITHIE

A A= 7iEE

88




EEALEFRENEFT TOFSEY VRV U L - ERAK - & - 7V ) —FIES

[AHEH X ]

1

13-14-JUN-2023 NN S S0
T (Fv 4 2 - BiftinAg 7

U v FBfE)

0 - BIPOE BRI, KA L—
—BLER ST

o BT E—ARERF Y VAT Y A 2023

The Joint Symposium on Optical and Quantum Beam Science (OPT02023)

2 20-JUN-2023 *r T4 B A B R EEAS
R
3 10-13-JUL-2023 R EREESEY T« BEVG B R R SE AT
%79 B 2 — - miRESR SRR Y
Prospects for High Field Science, PHFS2023
4 29-30-JUL-2023 Bl At fiE T B AR R LR [
FHVED =D DR DL 2023 2EKE
RIAT v BT T AT AE
5 5-6-0CT-2023 Fo T A B T - BV ST L SR ST AT T HE R AT
FUMIAZRE YR A X v 2023
6 6-7-OCT-2023 TFUWNTIA T —T A 7 | FE T WITA R&D T = T ETRES
—Y gy H—
FWEAZ R&D 7 =7 2023
U—r a7 OHRE FRXATY RTT R
7 5-NOV-2023 AT IR B T« R
HEHOHERI LT = 25 4 2L
RIAT v BT T AT AE
8 11-NOV-2023 BE VG B BRI S AT T - BEVE G B R R ST AT
BTG B RHEIFZe AT OREHIX) sk A B
9 10-DEC-2023 KRB i SN T S5 3 hyi
I AT AANRY ¥ LA Rk 2023
EBry a—CRIEAT L RT T ATAHE
10 | 23-24-JAN-2024 bR ZERT Fot ST FA  BYLFIFGERT B LFE 2 —,

B PR SE T

The 7th RIKEN-RAP and QST-KPSI Joint Seminar

11

20-MAR-2024 B = S FE T

A - [EER S TR

FHEOFEIZLDFEDOTOOHEERE TWITARRFa L v a v

89




[ X ]

1

9-12-JUL-2023

SPring-8

Bl A VA NE 2 e N s R Y D S
A PG 2258 R FR A - TR - AR BR B -
PN 2 S T I DN SN N P NE S
PR L X — < R FERFSERT - RS
VA= RIEKFRKFGE R TR e R, B b
WFIEAT R et o % —, ()
SRR 2% — (JASRD) |, A AR
FoCBR R A BRI PifsE e ¥ —, &R
LA B AAE BV O = R S ST

%5 23 [A] SPring-8 E ™

SR
‘ >

S5

2 22-23-AUG-2023 SPring-8 Tl - W - MEBMIFZER RS~ 7 U 7oV S U Y
14-16-NOV-2023 HRAB A REEE DS TRE | —F o750 2 — TS
SR T
15-17-NOV-2023 &I Ao
SCEELSRE~T U TR —F A T T HAX v RS T T A
3 10-13-SEP-2023 SPring-8 Ff# : SPring-8 = —H —1{H[EIA,  (A/) @l
BRI e v & —
%5 7 18] SPring-8 Fk D2
4 11-12-SEP-2023 PN TT N E VA FA . AR ES BRSP4 Hrrik
FFR(A) [ — 2 Gk BH ) AEHR - BE
F15 B AARBADEF S BTFRES — G & BB - R & oA —
5 26-27-SEP-2023 KIEKRZFEAE (AT A >« | T« SPring-8 —F — 1Rk, HALZHFZERT
Bo~A 7V v RBH#) BERFE G E 2 — (A B R
PG A — KBRS
SPring-8 > > 7R 7 A 2023 —SPring-8/SACLA & 7 — # B2 D@l & N A= A 3 AT REME —
6 29-SEP-2023 WA (CFo T A v - Bl | 08 R O E R et o 2 — B
A7V v FB#) SRR ER AT BRI e v 2 —
BRI SAEESCERI B~ T ) TR Y b —F A 7 THEE  JAEA & QST A [RSHEHR H#E 2
— B« A A= I K D BEFIRKE - HEE DT —
7 17-0OCT-2023 R B R R P AR T BEVE YRR ST
B0 S RIS E R R A TR B RAR)
8 21-NOV-2023 UMK HEfF v /3 X T E - MBI ERERE ~ T ) T VSR U Y
—F AT TR AT IEEE
CEHBFE~T VTR —F AT T HIFA X TEAGUHES
9 19-DEC-2023 FHR KT FE W - MBS~ T U TV U Y
—F AT TR A —NTIEEE
EBEE T ) T Y Y —F A 75 1 EEHREN A 2 v T RRHE S
10 | 21-DEC-2023 SPring-8 Tl - W - MBHIEZERE RS~ 7 U T VSR U

—F AT TR AT S

WEBEE~T VT AR ) Y —F A T T

HFARETY Y B

90




11 10-12-JAN-2024 T2V UOH L FAE - 5 37 B H ABEH RS - SR
AR VR T M EES
5537 [l H AU s - R R AR AR Y T A

12 | 31-JAN-2-FEB-2024 | st » 71 k =& : nano tech 2024 EITEES

B3 EERES ) T ) n VAR - Hiifii2# (nano tech 2024)
~T VTN P —F A 7 TEET —ACHABRTRE
13 11-MAR-2024 *TA B A WE - MBS

SR FEE~T VTVt ) b —F A 77 H 1R T U TR - B A R <
j—»_
14 | 14-MAR-2024 T2V UOH L AR o ST O B E SR L AN SE I

Za— ANV VIR TY T A 2024

KPSI = X F— (% 97 [El~104 [2])

REHX TIEERNAN DB W08 % B E U TR RO BMAN e I F—2 L T
WET, SFEIXAF SEIFME L E Lz, BMEIZHT- > T KPSIWeb 1 FZ{EH L. BIIFAN
MZBIER N 21T > TV EF, httpsi//www.qgst.go.jp/site/kansai-topics/29853.html

97 | 14-APR-2023 Dr. Paul Mason Science & Technology Facilities Council,

Rutherford Appleton Laboratory, Oxfordshire,
UK
The Extreme Photonics Applications Centre: A New Facility for Ultrafast Science & Applications in the UK

98 | 16-JUN-2023 Dr. Kenta Kitano Department of Physical Sciences, Aoyama
Gakuin University

Superfluorescence from rubidium vapor
~ Results with heated gas cells and prospects for experiments with cold atoms ~

99 | 19-JUN-2023 Dr. Sanasam Sunderlal Singh Department of Mechanical Engineering, Indian
Institute of Technology, Madras

Near-infrared femtosecond laser writing of controlled surface wettability

100 | 23-JUN-2023 A Ef7 G E R Gk W | BT T3t
SRR EREIT R B
EONTRME, FTL AT U —ZOEAfi & 1%

101 | 28-OCT-2023 Assoc. Prof. Yu-ichiro Matsushita National University Corporation Tokyo Institute
of Technology

Implementation of imaginary-time evolution method on a quantum computer and its applications to quantum
chemical calculations

102 | 20-NOV-2023 Dr. Hikaru Souda Graduate School of Medicine, Yamagata
University

Present and Future Accelerator Performance for Carbon lon Radiotherapy
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103 | 11-DEC-2023 Dr. Tenio Popmintchev University of California San Diego
Quantum Optics Meets Strong Field Physics: Novel Regimes of Coherent X-ray Generation with Strong Electron
Correlation Dynamics and Attosecond Rabi Oscillations
104 | 26-JAN-2024 Assoc. Prof. Zhong Yin International Center for Synchrotron Radiation
Innovation Smart, Tohoku University

Ultrafast Spectroscopy with Modern Light Sources
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QST #EE¥ I J7— (5 31 B~ 39 [A])
FEEEHIX TlL QST NOWEECENIDFEL R EIC L DI —Z2E L TWET, 2023
FEE MBSO B BME L TWEEERTWE A T4 UBfEE LE LT,

o9 A RITRRE
Dr. Sanasam Sunderlal Singh

e
(Qantum Optics

103 BT AN=T KF
Dr. Tenio Popmintchev

31

26-JUL-2023

Dr. Takashi Ikeda

Hydrogen Materials Research Group, QST

Simulating Vibrational Spectra of Hydrogen Clathrate Hydrates Using First Principles Molecular Dynamics
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32 | 30-AUG-2023 Dr. Kosuke Fujiwara Magnetism Research Group, QST

Development of Synchrotron-based Méssbauer Microscope

33 | 15-SEP-2023 Prof. Kaoru Mizuno Faculty of Education, Shimane University

X-ray Topography and Its Application for Characterization of Diamond Crystal

34 | 20-SEP-2023 Dr. Hideaki Iwasawa Advanced Spectroscopy Research Group, QST

Spin-resolved ARPES on High-Tc Cuprate Superconductors

35 | 25-OCT-2023 Dr. Kenji Ohwada Coherent X-ray Research Group, QST

Structural Properties Research Using Coherent X-rays - From Relaxors to Nanocrystals

36 | 22-NOV-2021 Dr. Kento Sugawara Beamline Operation Office, QST

Development of Bulk-sensitive Magnetic Microscope Utilizing X-ray Magnetic Circularly Polarized
Emission

37 | 24-JAN-2024 Dr. Hiroyuki Saitoh Hydrogen Materials Research Group, QST

Synthesis Study of Novel Hydride with The Aid of In-situ Synchrotron Radiation X-ray Diffraction
Observation and Its Future Plan

38 | 21-FEB-2024 Dr. Takuji Nomura Magnetism Research Group, QST

Theoretical study of x-ray magnetic circular dichroism based on first-principles band
calculations

39 | 26-MAR-2024 Dr. Kenji Tsutsui Advanced Spectroscopy Research Group, QST

Theoretical Study of Magnetic Excitations in Photoexcited Antiferromagnetic Mott Insulators

S-cube (R—X—HPAf = A& IF—)
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222 | 16-May-2023 | Ml B L—F—BR#E A ARG T m =2 b | 34 ABN
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223 | 8-Aug-2023 | MY B PSR RFET R 23 AN
QST BAVEHT O &R A EAIF TSI DU T
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224 | 25-Aug-2023 | M EH L— W —EREh A A NIRRT Y =7 b 12 A&

L—WF—ToD DBDA 4 E—A

!
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225 | 20-0ct-2023 | /NE5 SEBL L— W —BREh A A &G T e =27 | 20 ABM
L—H—ToOL BEDA F o B — L~ R IARD ATEHR R 0D F B~

226 | 23-0ct-2023 | ITiHE FHEARR B IRE SR ETE S — 13 Az
NARY — =P =030 B LOEFE O fHE R

227 | 8-Nov-2023 | f&H #h= e EA B — AR 42 NBM
HORBHEERERANE S N & EEHT-

228 | 10-Nov-2023 | H £ B R R E T R 33 A&n
BV & LA SRR O FERE AT

229 | 22-Nov-2023 | James Kevin Koga | msEE S RLAMIZE S L— 7 25 NS

Overview of High Intensity Laser-Matter Interaction Physics

230 | 1-Dec-2023 | = Z5L Sl L —F—REgE s v — 7 17 AZ0
MR IRE L —H — “J-KAREN-P” & HD[E) O L —H—

231 | 29-Jan-2024 | #RFA & DN ABEFAIIET — A 8 A&
BHFBUZ L > TTELDNADOE L ZORSE, AW L 2HEEEED FIEIZONT

232 | 1-Feb-2024 | /INE 5EHL L —BRE A A IEEERE T =2 b | 42 AB0
L—HP—=T2L 28D A F 2 & — L~ REERD ATBIREE O R ATHR~

233 | 14-Feb-2024 | ¥Tj#E FHERHB EIRES R AATE 7 v — T 20 A2
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